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Preface

Both animals and caretakers are likely to benefit from positive feedback from one another.
Engaging in interactions that are pleasant for both caretakers and the animals are likely to
create a better work environment for caretakers and to help instill positive attitudes regarding
the animals they care for.1

—Corri D. Waitt (1975–2014)

This book originated in a photo contest that was held by Springer and that the first
editor had entered into. During conversations with Springer that took place after the
contest was over, it emerged that an edited book on nonhuman primate welfare was
lacking from their collection. Soon after these conversations with Springer, the first
editor contacted potential authors and found that there were enough people willing to
contribute chapters. A proposal was written, and Springer accepted the proposal.

The topic of animal welfare is broad and cuts across disciplines. Therefore, two
goals guided our choice of authors and areas to cover. The first goal was to provide a
resource for people who work with nonhuman primates. As such, we sought out a
wide range of experts who could write about topics related to the welfare of primates
in different settings, such as in laboratories, zoos, and sanctuaries, and primates from
different backgrounds, including those kept as pets or used in the entertainment
industry. The second, related, goal was to provide a resource for people who guide or
shape policy on, or engender debates about, the proper use and care of primates (note
that we fully expect that these two audiences will overlap!). To these ends, we sought
out chapters from philosophers, ethicists, legal scholars, and both advocates and
adversaries of the use of nonhuman primates in research. Finally, in support of these
goals, we recruited authors whose chapters would provide historical overviews for
these other chapters and tried to find authors willing to write about the situation in
countries other than the USA, member nations of the European Union, and other
countries in Europe, such as the UK. We hope that the readers of this book, including
those that we did not mention, and especially students, will agree that we have been
modestly successful in achieving our goals.

1Taken from Waitt C. et al. (2002). The effects of caretaker-primate relationships on primates in the
laboratory. J Appl Anim Welf Sci 5(4), 309–319. https://doi.org/10.1207/S15327604JAWS0504_05
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Of course, as with Top 10 lists, we expect that opinions will differ with regard to
what we did and did not include in this book. In particular, we expect that some
chapters and/or their authors will raise some readers’ hackles. We therefore feel
compelled to explain our reasons for including these chapters and/or inviting these
authors. We decided early on that the readers of this book would be best served if we
provided a broad range of viewpoints and so we gave all of the authors the freedom
to present their views and stepped in only to provide guidance and feedback so that
their chapters are the best representations of those views. We think that readers, upon
closer consideration, will agree that the potential for these uncensored views to spark
debate will engage non-experts and ultimately benefit captive nonhuman primates.

A few notes of thanks are in order. This book could not have been completed
without the contributions of the authors. Their hard work and patience are much
appreciated. We also gratefully acknowledge the assistance from the editors at
Springer. They were always on hand to answer our questions. In addition, a
considerable portion of Alex’s work on the book and chapter was completed during
a Visiting Professorship at the Kyoto University Wildlife Research Center. He
thanks his hosts, and especially Professor Miho Inoue-Murayama, for their help
and for making this wonderful opportunity possible.

Since humans began to keep primates in captivity, humans have made vast strides
in understanding their cognitive abilities, social bonds, and personalities. We hope
that the science, practice, information, and wisdom presented in this book will go
some way in ensuring that, whether they are in our care or not, these evolutionary
cousins of ours will lead good lives.

Finally, a personal note on the epigraph. Corri Waitt was an American who had
come to the UK in 1998 to study primate behavior and welfare at the University of
Stirling. Corri and I (AW) were introduced by a mutual friend, and Corri was one of
the first people outside of Edinburgh that I met after I moved to the UK in 2005.

Every so often Corri had an early morning flight to catch. On these occasions, she
would ask if she could stay in the spare bedroom in my flat on 11 Johnston Terrace,
where I lived at the time. I was always happy to have her over. On most of those
visits, we stayed in my sitting room, from which one can see Edinburgh Castle, and
we would chat. I would drink tea with lemon and sugar, and I do not recall whether
she joined me or not (it is funny and tragic how minor details such as these fade so
quickly, especially as they are what we end up treasuring). Corri was terrific
company. I learned a lot about life in the UK and many other things. I also learned
that she was bright and warm and had a terrific sense of humor and that she was kind,
sweet, and dedicated to being decent to everybody, human and nonhuman alike.

Corri lost her life to an aggressive form of cancer in 2014. Everybody who knew
her, including some of the contributors to this book, knows what a loss her death
was. I did not have Corri in mind when I agreed to co-edit this book, but if she was
alive, I would have invited Corri to contribute a chapter. Unfortunately, that was not

viii Preface



to be. All I can do now is to hope that this is the book that Corri would have enjoyed
reading and that, by sharing these memories, I am keeping her spirit alive.

Vienna, Austria Lauren M. Robinson
Kyoto, Japan Alexander Weiss
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Part I

History of Nonhuman Primates in Captivity
and Primate Welfare in Different Settings



The History of Primates in Zoos

Geoff Hosey

Abstract

Primates have been kept in captivity for at least 5000 years, but only in the last
200 years they have been maintained in facilities that we would regard as zoos.
During those 200 years, many important advances have been made both in zoo
practice and philosophy and in the housing and husbandry of primates. Initially,
zoos attempted to display many different species in a way that followed taxo-
nomic principles. Modern zoos concentrate on a smaller number of species, many
of which are of conservation importance, housed according to habitat or ecologi-
cal principles. Housing has changed, too, from relatively barren cages with little
furniture to naturalistic and sometimes semi-free-ranging designs. Husbandry has
moved from being based on ideas of what has worked in the past to a more
evidence-based scientific approach, and this has resulted in better health and
longevity, and improved breeding success in the animals. At the same time,
zoos have become a significant resource for researchers interested in primate
biology. This chapter surveys these changes through the recent history of
primates in zoos.
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1 Introduction

Primates, both nonhuman and occasionally human, have been kept and displayed in
captivity for a large part of our recorded history. Most of the facilities in which these
animals were kept, certainly prior to the start of the nineteenth century, would not be
regarded as zoos by any modern definition, as they were usually not open to the
public and rarely included research, conservation, or education among their
priorities. Nevertheless, they can be regarded as the forerunners of the modern
zoo, and continuities can be seen between these old menageries and the early zoos
(Rothfels 2002). In the transition from menagerie to modern zoo, there have been a
great many changes: a move away from showing individuals of as many species as
possible toward larger self-sustaining groups of a smaller number of species;
improvements in housing and husbandry and consequently better animal welfare
and breeding success; an increase in research to provide an evidence base for animal
management; and more systematic education to promote positive attitudes toward
and enhanced support for conservation among zoo visitors. This chapter will review
some of these changes, mostly exemplified by changes in European and North
American zoos, since it is these that have driven most of these changes, and for
which most of the documentary evidence is available.

2 Development of the Modern Zoo

Archeological evidence tells us that primates have been kept captive since at least the
Bronze Age. Skeletons of 112 animals, including 11 baboons, have been excavated
at the ancient Egyptian capital of Hierakonpolis. The presence of healed bone
fractures, as well as evidence that some animals were eating cultivated plants,
suggests that the animals were part of a menagerie, dating from around 3500 BC
(Rose 2010). During the first millennium BC, menageries were kept elsewhere in
Egypt and also in Babylon and Assyria (Baratay and Hardouin-Fugier 2002) and it is
likely that these contained monkeys (Morris and Morris 1966). Hamadryas baboons
Papio hamadryas, probably lived wild in Egypt at that time (Groves 2008) so these
were hardly exotics, and they were probably kept in captivity because of their
religious significance and as a demonstration of the ruler’s power (Rose 2010).
But more exotic species can also be seen in the archeological record. A Minoan
fresco from Akrotiri, for example, portrays some “blue monkeys” (Fig. 1) which
Groves (2008) has identified as Tantalus monkeys, Chlorocebus tantalus, and which
probably came to Crete via Egypt.

Throughout medieval and Renaissance times, menageries, “ferocious” animals
like bears and big cats, as well as ungulates, were kept by kings, emperors, and the
powerful. These animals were often gifts from other rulers and might be used for
games, fights, and hunting (Baratay and Hardouin-Fugier 2002). Primates occasion-
ally found their way into these collections. For example, monkeys were present in
the court menagerie in Milan, where Leonardo da Vinci used them as living subjects
for his anatomical observations (Hahn 2004). Some famous examples include the
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monkeys at the Versailles menagerie, set up by Louis XIV in 1664 (Morris and
Morris 1966), and the eighteenth-century “monkey room” in the Tower of London
(Fig. 2). Within this room, visitors and monkeys were free to intermingle, but this

Fig. 1 Blue monkeys on a
Minoan fresco in Akrotiri,
dated to before 1600 BC;
Groves (2008) has identified
these as Tantalus monkeys
C. tantalus. Picture:
Wikimedia Commons

Fig. 2 The Monkey Room in the Tower by Thomas Rowlandson (1799). Picture: National Gallery
of Art, Washington DC

The History of Primates in Zoos 5



only lasted a short time before the room was closed due to there being too much
aggression between monkeys and visitors (Hahn 2004).

Institutions that we would now recognize as zoos differed from the previous
menageries in that they were open to the public (or at least some sectors of the
public) and they were at least nominally interested in furthering science, which
usually meant anatomy and taxonomy. They started to appear toward the end of the
eighteenth century; the earliest was at Schönbrunn (now Vienna Zoo, opened
in 1752), followed by the Jardin des Plantes in Paris (1793) and London Zoo
(1828). In North America, the first zoo was in Philadelphia (1874), followed by
Cincinnati in 1875. The number of zoos has grown enormously in the past two
centuries; it is difficult to say just how many but the major accrediting zoo
associations list 377 member institutions in Europe and the Middle East (European
Association of Zoos and Aquariums [EAZA] 2016), 233 in North America (Associ-
ation of Zoos and Aquariums [AZA] 2016), and 100 in Australasia (Zoo and
Aquarium Association [ZAA] 2016). There are other, smaller zoo associations in
other areas of the world, and an unknown number of nonaccredited zoos. Thus, the
number of primates held in zoos is also likely to be large.

3 Species Kept by Zoos

The last 200 years have seen an increase in the taxonomic diversity of primates kept
in zoos, but a reduction in the overall number of species. Nevertheless, during
200 years of modern zoo history we would expect that most species of primates
have been kept somewhere at some time. It may seem a simple question to ask what
has been kept where and when, but as with many apparently simple questions,
finding an answer is not so easy. There are at least three ways we could find out
what species zoos have, and have had, in the past.

Firstly, we could ask them. This essentially is what the editors of International
Zoo Yearbook (IZY) did for each issue between 1961 and 1998. These editors asked
zoos to give information on the species of mammals bred in the previous year and the
number of rare species (i.e., species on an International Union for the Conservation
of Nature [IUCN] list) currently held. Table 1 lists the number of taxa reported in
those two years for those two categories. In this table, “taxa” means species or
subspecies; hybrids between taxa were listed by IZY, but are not included in this
table. In the table, we can see that, firstly, in 1961 there were some noticeable gaps
across the families, for both numbers of births and rare species, particularly across
the strepsirrhines. Secondly, numbers for both births and rare species are generally
higher in 1998 than in 1961, reflecting an increase in zoos, better husbandry, and an
increased emphasis on establishing breeding populations of endangered species.
Finally, views of what constitutes a “rare” species have changed. Thus, in 1961
ring-tailed lemur Lemur catta, Sulawesi macaque Macaca nigra, and siamang
Symphalangus syndactylus were listed among the rare species, but not in 1998.
We can also trawl through notes, publications, reminiscences, and historic
documents to construct species holdings for different collections. This onerous
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task has, as far as I am aware, only been done for zoos in the EAZA area (i.e., Europe
and the Middle East; though the list is not restricted to EAZA zoos) and is
maintained and kept up to date by Zootierliste (2016). The number of taxa of each
primate family currently and formerly held in these zoos is shown in Table 2. When
interpreting these numbers, we must note that for much of zoo history many
subspecies were not recognized, and even those that were recognized were often
not distinguished, so a species with, say, two subspecies might be listed as three taxa,

Table 1 Numbers of taxa
in which births were
reported (births), and num-
bers of rare taxa (rare taxa)
listed in International Zoo
Yearbook in 1961 and
1998. Taxa may be species
or subspecies

Births Rare taxa

Family 1961 1998 1961 1998

Cheirogaleidae 0 3 3 6

Lepilemuridae 0 0 0 0

Lemuridae 3 16 10 17

Indriidae 0 3 0 3

Daubentoniidae 0 1 0 1

Galagidae 4 4 0 0

Lorisidae 0 4 1 0

Tarsiidae 0 0 0 2

Callitrichidae 5 22 2 13

Cebidae 6 8 0 1

Aotidae 1 3 0 0

Pitheciidae 1 3 1 7

Atelidae 3 13 0 13

Cercopithecidae 45 68 11 23

Hylobatidae 3 9 1 7

Hominidae 4 6 4 6

Table 2 Number of taxa
held in zoos within the
European Association of
Zoos and Aquaria (EAZA)
area (current taxa), and
number of taxa that were
previously held but are not
held now (previous taxa),
according to data contained
within the Zootierliste
(2016) website

Family Current taxa Previous taxa

Cheirogaleidae 4 7

Lepilemuridae 0 1

Lemuridae 18 1

Indriidae 1 3

Daubentoniidae 1 0

Galagidae 4 12

Lorisidae 6 3

Tarsiidae 1 2

Callitrichidae 23 15

Cebidae 13 8

Aotidae 5 2

Pitheciidae 3 15

Atelidae 14 17

Cercopithecidae 74 78

Hylobatidae 12 10

Hominidae 9 2

The History of Primates in Zoos 7



i.e., the two subspecies and species not identified at subspecies level. This accounts
for how, for example, zoos managed to find eleven different hominid taxa to exhibit.

Some of the species in these historic data are not found in zoos today. The indri
Indri indri, for instance, does not occur captive in any collection anywhere in the
world. A way of maintaining these animals in captivity has never been found.
Historically, the Jardin des Plantes in Paris imported eight indris in 1939, which all
died within a month, but no other European zoo has attempted to keep them. Another
species that is, perhaps surprisingly, absent is the mountain gorilla Gorilla beringei
beringei. No zoo anywhere keeps these animals today, but the Zootierliste records
show that Rome Zoo had a male and female in 1969, London had a male in 1961–
1962, Cologne had two females between 1969 and 1978, and Dusseldorf (which
closed in 1944) had a female from 1929 to 1930. None of these gorillas lived very
long, which suggests that, unlike western lowland gorillas, which are housed success-
fully in zoos, mountain gorillas need housing and husbandry, which we either cannot
or do not know how to provide. Regardless, Table 2 shows that there are many primate
taxa that have been kept in the past but are not, for whatever reason, kept now.

Reinterpretation of the historic records yields surprising information. For exam-
ple, the bonobo Pan paniscuswas only formally described in 1929 as a subspecies of
the chimpanzee on the basis of museum skins and skeletons and was elevated to
species status in 1933 (Mittermeier et al. 2013). Yet, the zoo records show that a
male bonobo lived at Artis Zoo (Amsterdam) between 1911 and 1916, but was
assumed to be a chimpanzee (Hediger 1970). Indeed, it has been suggested that
Sally, a chimpanzee who lived at London Zoo between 1883 and 1891, was actually
a bonobo (Barrington-Johnson 2005). In both of these cases, it was recognized at the
time that the animals were different from the “usual” sort of chimpanzee, but
taxonomy had not caught up with these differences. This example raises interesting
questions about what other species may have gone unrecognized in zoos over the
years, simply because they were acquired before formal scientific description. In any
case, for the person interested in seeing as many primate taxa as possible a trip to the
past would be a fascinating experience, but by modern standards we would find it
depressing that so many of these taxa were represented by just ones and twos of
individuals, as was common at the time, rather than viable groups or populations, as
is more customary now.

Neither of these methods answer the question of what primates are currently held
worldwide by zoos. To do this, we can consult the database maintained by Spe-
cies360 (formally the International Species Information System (ISIS) 2016). Spe-
cies360 provides an online record-keeping system that is used by most of the
accredited zoos in the world to maintain records on their animals, such as births,
deaths, transfers between zoos, and veterinary treatments, and in some cases, historic
records as well; and also contains an inventory of which animals in each taxon are
kept in zoos, and in which zoos these animals are located. However, as not all zoos
subscribe to Species360, these inventories will be underestimates. Table 3 lists the
number of animals in each family located in Species360-registered zoos (as of May
27, 2016), along with the number of species recognized by Species360 in that
family. These two variables are strongly correlated (r(14) ¼ 0.803, p < 0.001),
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showing that the most speciose families are represented by the greatest number of
animals.

Nevertheless, two families (Lemuridae and Hominidae) appear to be overrepre-
sented in captivity based on the number of species in those families. In the case of
Lemuridae, this is partly because the ring-tailed lemur, Lemur catta, does particu-
larly well in captivity (with 282 births recorded in the 12 months up to May 2016),
and partly because of increased attention by zoos toward the endangered species in
this family. For Hominidae, there has been a great deal of conservation attention on
all three genera (gorillas Gorilla: 790 animals in 122 zoos; chimpanzees and
bonobos Pan: 1612 animals in 188 zoos; orangutans Pongo: 661 animals in
143 zoos), and of course, these are very popular animals with zoo visitors. Con-
versely, Pitheciidae is represented by rather fewer animals than we would expect for
the number of species, with only sakis Pithecia (mostly the white-faced saki Pithecia
pithecia) having a substantial zoo representation (465 animals in 139 zoos). This
perhaps reflects the fact that the IUCN, which assesses the vulnerability of species to
extinction, lists many of the species in this family to be of “Least Concern” for
conservation.

Nine genera are not held by any Species360 member zoos: hairy-eared dwarf
lemur Allocebus, sportive lemurs Lepilemur, fork-marked lemurs Phaner, woolly
lemurs Avahi, indris Indri, needle-clawed galagos Euoticus, angwantibos
Arctocebus, false potto Pseudopotto, and yellow-tailed woolly monkey Oreonax.
Some of these (e.g., Euoticus and Arctocebus) are of IUCN Least Concern, and
others (e.g., Indri) are of greater conservation importance, but may be species that
are very difficult to keep in captivity. Nevertheless, Table 3 shows that there are

Table 3 Number of animals currently (as of May 25, 2016) held in Species360-listed zoos across
the different primate families

Family No of species in Species360 database No of animals in Species360 zoos

Cheirogaleidae 23 274

Lepilemuridae 8 0

Lemuridae 20 6309

Indriidae 12 81

Daubentoniidae 1 51

Galagidae 6 381

Lorisidae 10 376

Tarsiidae 7 17

Callitrichidae 43 6514

Cebidae 22 4078

Aotidae 8 195

Pitheciidae 41 659

Atelidae 8 1496

Cercopithecidae 124 10,986

Hylobatidae 14 1582

Hominidae 6 3063

The History of Primates in Zoos 9



currently 36,062 primates held in Species360 member zoos across the world.
Comparable historical data are not available, but limited comparison with the IZY
data shows that more animals of a wider range of taxa are now maintained in zoos.
These numbers reflect the drive since the 1960s to establish self-sustaining zoo
populations, and a greater emphasis on building populations of endangered species.

4 Iconic Apes

Iconic animals are those who become famous among the public as individuals,
sometimes because they have a distinctive appearance and often because they have
idiosyncratic behaviors or have had life experiences that make them famous. In
principle, a mouse lemur or a marmoset could become iconic, but usually it is the
great apes, and gorillas and chimpanzees in particular, who show the differences in
appearance, behavior, and personality that lead them to become iconic. Nowadays,
iconic animals might be used to help promote the education and attitude raising
activities of the zoo, but in the past their main importance has been to draw more
visitors to the zoo.

The first chimpanzee at London Zoo, Tommy, arrived in 1835 at Bristol and was
transported to London in a stagecoach, accompanied by a keeper (Barrington-
Johnson 2005). Tommy only survived for 6 months, and it would be close on
50 years before London exhibited another chimpanzee. Chimpanzees in zoos were
few and far between in the nineteenth century, so one chimpanzee, Consul, at Belle
Vue Zoo in Manchester, in 1893 (Fig. 3), caused a sensation and became famous
despite only surviving for fifteen months before dying of dysentery (Morris and
Morris 1966). It was claimed at the time that Consul could put on his own hat and
coat, eat with a knife and fork, put coals on the fire, smoke a pipe, and engage in
various other human-like behaviors (Morris and Morris 1966). Consequently, “Con-
sul” became a popular name for other chimpanzees, including one at London Zoo
some years later, and the name lives on in the fossil genus Proconsul, meaning
“before Consul.”Other famous chimpanzees include Cholmondeley (or Chumley) at
London Zoo, made famous in the writings of Gerald Durrell (1960), and Congo
(1954–64), another London Zoo chimpanzee whose claims to fame were the numer-
ous paintings he produced (Fig. 4) and the publicity he received from appearing in
the television series Zoo Time (Barrington-Johnson 2005).

When that first chimpanzee arrived at London, the gorilla was still something of a
mythical animal, which was not formally known to science until 1847. Intriguingly,
the first live gorilla to reach Europe was exhibited in a traveling menagerie in 1855
but was mistakenly thought to be a chimpanzee (Morris and Morris 1966). London
Zoo’s first gorilla was Mumbo in 1887, who only lived for a few months, possibly
because he was fed on sausages, beer, and cheese sandwiches as well as fruit
(Barrington-Johnson 2005). London’s most famous gorilla was Guy, who arrived
in 1947 at 18 months of age, and lived until 1978, when he died under anesthetic
during treatment for dental problems, the result of years of eating sweets given to
him by visitors (Barrington-Johnson 2005), a practice that is now generally not
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Fig. 3 Consul, the
chimpanzee at Belle Vue Zoo
(Manchester) in 1893,
wearing his hat and coat and
smoking his pipe. Picture:
Wikimedia Commons

Fig. 4 A painting by Congo, a chimpanzee who lived in London Zoo from 1954 until 1964, and
produced about 400 such paintings in his lifetime. Picture: Wikimedia Commons
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permitted in zoos. But before Guy, Bristol Zoo had an equally famous gorilla,
Albert, who arrived at the zoo in 1930 and lived until 1948, the only gorilla in the
UK at the time of his arrival (Warin and Warin 1985). Prior to Albert, no zoo-housed
gorillas had survived for very long, and the species was considered too delicate to be
successfully kept, certainly in the British climate (Schomberg 1957). Perhaps the
most famous gorilla in the USA was Willie B, who lived alone in an enclosure of
concrete and iron bars at Atlanta Zoo from 1961 until 1988, when he was released for
the first time into a new outdoor enclosure. Here, he integrated with other gorillas,
became a father, and lived apparently happily until his death in 2000, following
which more than seven thousand people attended a memorial service in his honor
(Hanson 2002). Finally, we can mention the albino gorilla, Snowflake (Fig. 5), who
lived at the Barcelona Zoo from 1966 to 2003 (Jonch 1968). During his life,
Snowflake fathered 22 offspring by three different mates, and none of them showed
albinism. Eventually, he was euthanized after developing skin cancer. Our attitudes
toward great apes can often be ambiguous (Morris and Morris 1966), but our
fascination with iconic individuals is still strong and constitutes an important part
of zoo history.

Fig. 5 Snowflake, the white gorilla who lived for 37 years at Barcelona Zoo. Picture: Wikimedia
Commons
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5 Human Primates on Exhibition in the Zoo

Strange though it might seem to modern sensibilities, humans were sometimes
exhibited at zoos in the past. During the period of world exploration in Medieval
and Renaissance times, examples of peoples from newly discovered or newly
conquered areas of the world were often exhibited in royal courts or menageries.
The practice of exhibiting people persisted in different guises into the start of the
twentieth century (Baratay and Hardouin-Fugier 2002). During the nineteenth cen-
tury, these displays of people often took the form of “ethnographical exhibitions,”
where people from what were then seen as exotic parts of the world were exhibited in
their own costume and artifacts. Much of the time, these exhibitions were part of
touring fairs or international exhibitions, but sometimes took place in zoos, as for
example with the exhibition of people from various African tribes at Vienna
(1897–98) and Berlin (1907) zoos (Baratay and Hardouin-Fugier 2002). A major
influence on this was the animal dealer Carl Hagenbeck (1844–1913; more on him
later), who developed ethnographical exhibitions largely in response to a downturn
in the animal trade as a result of war in the Sudan. When he moved his own zoo in
Hamburg to Stellingen in 1907, his ethnographical exhibitions went with it and
partly paved the way for the open enclosure style of animal exhibition for which he
became famous (Baratay and Hardouin-Fugier 2002).

Exhibition of people appears to have been less of a tradition in North American
zoos, although Bronx Zoo in New York famously exhibited an African Pygmy, Ota
Benga (Fig. 6), in 1904 (Hanson 2002). Ota Benga had reportedly been purchased
from slave traders for an exhibition in St Louis before transfer to the Bronx, where he

Fig. 6 Ota Benga at the Bronx Zoo in New York. Picture: Wikimedia Commons

The History of Primates in Zoos 13



had the run of the zoo, but for a time lived in the monkey house. The zoo’s director,
William T. Hornaday, apparently had strong views on white superiority (Baratay and
Hardouin-Fugier 2002), but exhibition of Ota Benga was ended after protest from
New York’s black community (Hanson 2002). After release from the zoo, Ota Benga
was initially cared for in an orphan asylum, but tragically he took his own life in
1916 at the age of 32. The ethnographical exhibitions of Europe and the display of
Ota Benga were products of the prevailing world view of white Europeans and
Americans at the time. From the perspective of modern attitudes, the underlying
racism is obvious.

6 Changes in Housing

Enormous changes in the housing of primates (indeed, of all zoo animals) have taken
place since the establishment of the first modern-type zoos two hundred years ago.
Nowadays, enclosure design attempts to satisfy the welfare and biological needs of
the animals, the viewing needs of the public, and the management needs of the
keepers (Hosey et al. 2013; Farmer et al. 2022). This is in contrast to nineteenth-
century cages, which were little more than holding facilities for the animals. The
basic model for nineteenth-century primate cages initially was the Jardin des Plantes
in Paris, where the first monkey house was constructed in 1801 (Baratay and
Hardouin-Fugier 2002). At London Zoo in 1829, the monkeys were at first tethered
to poles, each of which had a small shelter at the top. The monkeys had leather belts
around them attached by a chain to a ring which could slide up and down the pole,
allowing the animals to wander at will within chain range, but also climb up to the
shelter at the top of the pole, often with objects stolen from visitors. One animal, a
lion-tailed macaque Macaca silenus (called “wanderoos” at that time) named Jack,
stole so much from visitors that eventually all the monkeys were confined to the
monkey house (Barrington-Johnson 2005).

The Monkey House at London Zoo was typical of zoo housing at the time and had
outdoor enclosures (Fig. 7). It was replaced in 1864 with a structure, which had no
outdoor enclosures, as the damp London climate was not deemed suitable for the
animals (Barrington-Johnson 2005). This basic design, with or without outdoor
enclosures, became the general pattern for much of the nineteenth century (Fig. 8).
As can be seen in the illustrations, the cages contained branches for the animals to
climb on, but otherwise were, by today’s standards, relatively barren, with sparse
cage furniture and few opportunities for the animals to escape public view.
Modifications to this design were often motivated by what was perceived as archi-
tectural attractiveness rather than usefulness for the animals, which is reflected in zoo
buildings erected in the style of Egyptian or Greek temples, or Eastern palaces (e.g.,
the monkey house at Cologne Zoo; Hancocks 2010). Some of these buildings still
exist in zoos, usually because the zoo is required to protect them as architectural
heritage, even though they are, by modern standards, unsuitable for housing animals.

By the end of the nineteenth century, it was becoming increasingly clear that
improvements were needed, not least because the animals were just not surviving for
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Fig. 7 First Monkey House at London Zoo in 1835, showing the outdoor enclosures. Picture:
Museum of London

Fig. 8 Monkey House at Vienna Zoo in 1898, showing little advance over similar buildings from
the start of the century. Picture: Wikimedia Commons
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very long (Baratay and Hardouin-Fugier 2002). For example, analysis of the records
of 3780 monkeys held at the Jardin des Plantes between 1830 and 1939 shows that
the average length of stay for each monkey was just 18.6 months and 17.7 months
for great apes (Baratay and Hardouin-Fugier 2002). As most of these animals would
have been very young when caught (a widespread method of catching animals was to
kill parents and take the babies), it is likely that very few primates reached maturity
in the zoo.

A major advance came with a new style of housing, pioneered by Carl Hagenbeck
in Hamburg, involving open enclosures where the animals were separated from the
public by ditches, moats, and low walls. These enclosures could be landscaped with
artificial rocks and trees, and they gave the illusion of animals in semi-liberty. This
style of housing was incorporated into Hagenbeck’s new zoo at Stellingen near
Hamburg, which opened in 1907, and it was copied by many zoos around the world
(e.g., at Antwerp, Rome, Budapest, Detroit, Cincinnati: Baratay and Hardouin-
Fugier 2002) for many decades afterward. In this tradition, monkeys could be
displayed on an artificial hill, as at Monkey Hill at London Zoo, which was
constructed in the 1920s (Barrington-Johnson 2005), and the “Big Rock” at Paris
Zoo, dating from the 1930s (Fig. 9). These enclosures looked, from a human point of
view, to be far better for the animals than the older style of cages, but of course no
systematic studies were done on them at the time. They were, however, not without
their problems, which included occasional escapes and drowning of nonswimming

Fig. 9 Baboons Papio papio at Paris Zoo, Vincennes, in a Hagenbeck-styled enclosure built in the
1930s, seen here still in use in 1966. Picture: Geoff Hosey
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primates in moats (Hediger 1970); nevertheless, they represented an advance in
design and paved the way for the more naturalistic enclosures of the 1970s and 80s.

There was an unfortunate but fortunately brief episode in the 1920s and 1930s
when some zoos allowed architects to design housing where the priority appeared to
be architectural aspirations rather than animal needs. Famous examples include the
penguin pool at London Zoo and the polar bear enclosure at Dudley Zoo. These were
both products of the designer Berthold Lubetkin of the firm Tekton and built in
modernist, functional design principles. Primates did not escape this trend. Similar
architecture is seen in the Round House for gorillas at London Zoo (another Tekton)
and Monkey Island at Melbourne Zoo, the latter built by Percy Everett in 1938 and
demolished in 1971 (Grow 2009). Even without modernism, the 1920s and 30s saw
increasing emphasis on cages and enclosures that were easy to clean. This period,
which became known as the “hygiene” or “disinfectant” era (Hancocks 2001),
extended well into modern times, and examples could be seen into the 1980s.
These enclosures had bare walls, little if any floor covering, and sparse cage furniture
(Fig. 10), and frequently had viewing windows for the public. Interestingly, this
“hygiene” trend has continued in laboratories, but these too are moving away from
this (Coleman et al. 2022).

Since the 1970s, there has been a shift in emphasis toward housing that attempts
to satisfy the perceived needs of the animals. This shift led to the development of a
range of (sometimes overlapping) styles, such as naturalistic, immersion, and even
free-range designs. Naturalistic enclosures, unlike “hygienic” enclosures, had earth

Fig. 10 Squirrel monkeys
Saimiri sciureus in a
“hygienic” cage at Flamingo
Park Zoo in 1969. Picture:
Geoff Hosey
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and plants, and were intended to be a little bit like the animals’ natural habitats. Early
examples include the chimpanzee enclosure at Arnhem Zoo from 1970, which
actually resembled parkland (Coe and Lee 1996) and therefore was not really like
chimpanzee African habitat at all (Fig. 11). Another example is the gorilla enclosure
at Woodland Park Zoo in Seattle, WA. From 1978, this enclosure was designed
using information from field studies and attempted to replicate the animals’ natural
environment (Hancocks 1980, 2010; Coe and Lee 1996). It is a short step from this
to an “immersion” enclosure, which aims not only to provide a naturalistic habitat
for the animals, but also to draw the public into the animals’ world, so they have an
experience like that of seeing the animal in the wild (Fig. 12).

Naturalistic and immersion exhibits for zoo primates have now become wide-
spread (Coe 1989). To human eyes, these enclosures look good, and many zoo
visitors regard them as good for the welfare of the animals, though these perceptions
are not necessarily based on any welfare knowledge (Melfi et al. 2004). Furthermore,
they appear to raise visitors’ positive attitudes toward the animals, and possibly their
concerns for the animals, too (Lukas and Ross 2014). Importantly, empirical studies
on captive primates transferred from traditional style to naturalistic enclosures show
changes in behavior. These include increases in positive behaviors, such as
grooming, and decreases in negative behaviors, such as aggression and stereotypies,
across a range of species (sifakas Propithecus verreauxi: Macedonia 1987; mandrills
Mandrillus sphinx: Chang et al. 1999; Hanuman langurs Semnopithecus entellus:
Little and Sommer 2002; chimpanzees and gorillas: Ross et al. 2011). It is likely that

Fig. 11 Chimpanzee enclosure at Arnhem Zoo, seen here in 1989, an early example of a natural-
istic primate enclosure. Picture: Geoff Hosey
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the success of these enclosures is not particularly because of how closely they
resemble the animals’ natural habitats, but more about the fact that they are complex,
giving the animals increased choice and control, and providing opportunities to
perform the species-typical behaviors which are important to them (Kurtycz et al.
2014; Wilson 1982).

Some zoos have extended these ideas still further by exhibiting some of their
primates in semi-free-range enclosures, where the animals either have the run of the
whole zoo or are confined to an area where the limits of the confinement are not
always obvious. A pioneer of this approach, Monkey Jungle in Goulds, Florida,
maintains small neotropical monkeys (squirrel monkeys, howler monkeys) in a
15-acre patch of subtropical hardwood jungle (Dumond 1967), where human visitors
are restricted to enclosed walkways (Fig. 13), separate from the monkeys. In most
zoos that have enclosures in which primates are semi-free-ranging, however, visitors
are allowed to walk among the animals. One of the earliest zoos to do this was
Apenheul Primate Park in the Netherlands (Mager and Griede 1986), where lemurs,
callitrichids, squirrel monkeys, and Barbary macaques live in what are essentially
large walk-through enclosures (Fig. 14).

Few empirical studies have been undertaken on the welfare aspects of semi-free-
range enclosures, though studies at Jersey Zoo show that cotton-top tamarins
Saguinus oedipus adapt well to this lifestyle (Price 1992), and visitors spend longer
looking at them and think they learn more from them than from tamarins in cages
(Price et al. 1994). Despite the apparent benefits to animal welfare and visitor
education, there is clearly scope for negative human–animal interactions to take
place (Mun et al. 2013). This is, perhaps, more of a concern now that many zoos
encourage close human–animal proximity through enclosure design, using carefully

Fig. 12 Tropical world at Brookfield Zoo (Chicago), home to gorillas and guenons in an
immersion-type enclosure, 2013. Picture: Geoff Hosey
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Fig. 13 Visitors in an
enclosed walkway at Goulds
Monkey Jungle, while the
monkeys are in semi-free-
range in a forest outside,
2002. Picture: Geoff Hosey

Fig. 14 Large walk-through lemur area at Apenheul Primate Park, 2007. Picture: Geoff Hosey
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placed heated pads or comfortable areas close to public viewing areas (Vicky Melfi,
personal communication). Other unexpected welfare concerns may also occur. It
has, for instance, been reported that free-ranging lemurs develop frostbite when they
fail to come indoors in cold weather (Vicky Melfi, personal communication). At the
moment, we know too little about the welfare consequences of semi free-range and
walk-through enclosures.

7 Changes in Husbandry

For many years, the way zoos have looked after their animals has been largely
determined by trial and error, and the passing on of knowledge of “what works.” For
most species coming into zoos, even the most basic understanding of their ecology in
the wild was lacking, so virtually nothing was known of what they ate, what sorts of
social structure they had, or what mating and infant-rearing behaviors they showed.
Consequently, until at least the 1950s, animals were often maintained singly or in
pairs, breeding performance was poor, and longevity was low. Since the 1960s, two
developments have led to huge improvements in zoo husbandry. Firstly, there has
been an enormous growth in field studies, and our knowledge of the basic biology
and life history of many primate species has benefitted as a result. Secondly, there
has been much greater application of science in the zoo, particularly in nutrition and
animal health, but increasingly in animal welfare as well (Melfi 2009), so that zoo
animal husbandry is becoming more evidence-based and less tradition-led.

As a result, the longevity of many zoo animals has increased. Fifty years ago,
New World primates in zoos rarely lived longer than 10 years, Old World primates
had a normal life span in captivity of 10–20 years, and apes might live to 30 or more
(Jones 1968). Thirty years later, a database containing ages of several hundred
zoo-housed primates (Hakeem et al. 1996) showed greater ages achieved by the
animals; nine zoo-housed spider monkeys Ateles sp., for example, had a mean age at
death of 31.1 years. Over a 30-year period up to the end of the last century, the
maximum longevities of zoo-housed gorillas increased by 62% to 54 years, those of
orangutans by 92% to 59 years, pygmy marmosets Cebuella pygmaea by 267% to
17.9 years, and Goeldi’s monkeys Callimico goeldii by 678% to 18 years (Kitchener
and Macdonald 2002). While these increases in lifespan are largely to be welcomed,
and testify to the advances in husbandry and welfare that have been made by zoos,
they nevertheless produce new challenges, from knowing how to deal with the pains
and discomforts of geriatric animals to trying to manage an increasing population of
postreproductive animals.

Improvements in husbandry have also led to higher birth rates. Consider, for
example, the case of the gorilla. As noted previously, for years gorillas were
regarded as a delicate species that did not take well to captivity, and they certainly
did not breed in captivity. The first captive-born gorilla was Colo at Columbus Zoo
in 1956 (Fig. 15), followed by Goma at Basel Zoo in 1959. But it was not until 1961
that the second American gorilla was born (Tomoko at Washington National Zoo:
Carmichael et al. 1962), and in the same year, the second Basel gorilla, Jambo, was
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born (Lang 1962). By 1976, Martin (1981) was reporting the first birth of a gorilla at
London Zoo, while also pointing out that between 1956 and 1975 only 136 gorilla
births had been reported by zoos, and only 105 of those infants survived. Martin was
mostly concerned with showing how scientific advances, and in particular the
monitoring of hormones, contributed to London Zoo’s success. By 1998, however,
International Zoo Yearbook reported 33 gorilla births in 16 different zoos in 1995
and 37 in 29 zoos in 1996.

These developments have been due largely to advances in knowledge and
practice in animal nutrition and health, but in the last 50 years the “well-being” or
psychological health of zoo animals has become a priority as well. Ensuring this
might involve long-term changes to the animals’ physical (enclosure design) and
social (appropriate group composition) environment, and can also be brought about
by promoting behavioral change through shorter-term interventions, such as envi-
ronmental enrichment (Hosey 2005). These sorts of interventions have been
undertaken in zoos for a long time, but in a relatively unsystematic way (Mellen
and Sevenich MacPhee 2001); since the 1970s, there has been a more systematic
approach to undertaking interventions, using better knowledge of the biological
needs of the animals (Shepherdson 2003). Some of the earliest of these, pioneered
by Markowitz (1982), were operant devices aimed at raising levels of animal
activity, and some of them permitted visitor participation, such as a coin-operated
food dispenser at Portland Zoo which signaled its activation to gibbons, who then
raced across the enclosure to receive food (Markowitz and Woodworth 1978). This

Fig. 15 Colo, the first ever
zoo-born gorilla,
photographed here at
Columbus Zoo in 2009.
Picture: Wikimedia Commons
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approach was criticized at the time, notably by Hutchins et al. (1978), for being too
artificial, but the use of enrichment has evolved considerably since then, and
implements features from both the “behavioral engineering” and the “naturalistic”
approaches to enrichment (see Kemp 2022; Morimura et al. 2022).

8 Human–Animal Interaction

In the early days of zoos, it was often possible, as we have seen (Fig. 2), for visitors
to walk among, and interact directly with captive monkeys. This appears to have
frequently led to bad behavior on the part of both the human and nonhuman
primates, leading to the animals being confined to cages. The recent trend toward
walk-through enclosures could, perhaps, be seen as a return to this way of displaying
animals, though clearly, walk-through enclosures are only appropriate for certain
species. In most zoos that have primate walk-throughs, direct interaction or touching
the animals is forbidden, though some visitors still try (Fig. 16). There is also a long
history of visitors being able to feed zoo animals, including primates (Hediger 1970),
a practice that has generally been discouraged or banned only in the past few
decades. Again, some visitors try to feed the animals anyway, and this can lead to
undesirable changes in the animals’ behavior, such as increases in aggression
(Fa 1989) and, if unsuitable food or objects are given, this practice can lead to
animal deaths. Hediger (1970), for instance, recounts the case of a healthy woolly
monkey at Zurich Zoo dying from an intestinal blockage after eating a hazelnut-
sized piece of gravel offered by a visitor. There are potential risks to humans too. At
Chester Zoo in the 1960s, the chimpanzees apparently became proficient at throwing

Fig. 16 A visitor attempting to touch a ruffed lemur at Apenheul Primate Park, 1999. Picture:
Geoff Hosey
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objects across the moats at human visitors (Morris and Morris 1966). More recently,
a chimpanzee at Furuvik Zoo in Sweden reportedly collected and hoarded stones in
anticipation of throwing them at visitors (Osvath 2009).

Sometimes encounters between visitors and zoo-housed primates have been
through stage shows, of which chimpanzee “tea parties” have been among the best
known. These were put on for entertainment, but also to give an educational message
about the cognitive skills of the apes, and their similarity to humans. London Zoo
started their chimpanzee tea parties in the 1920s (Morris and Morris 1966) and did
not end them until the 1960s (Fig. 17). Similar “tea parties” were run at Bronx Zoo,
using orangutans (Kreger and Mench 1995), and other kinds of shows with
chimpanzees and orangutans, presented as educational shows, were common across
North American zoos until the 1960s (Kreger and Mench 1995). Shows are becom-
ing popular again, particularly for conservation education, but are generally less
anthropomorphic than these earlier shows.

9 Zoos and Primate Research

Research was one of the guiding principles of many of the zoos founded in the
nineteenth century; however, it did not become common practice until much later
(Baratay and Hardouin-Fugier 2002). When zoo animals were used for research, it

Fig. 17 London Zoo
guidebook cover from 1933,
showing the chimpanzee “tea
party”
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was usually in anatomy and species description, for example on the differences
between chimpanzees and gorillas (Hochadel 2011). Indeed, the director of Berlin
Zoo, Alfred Brehm, gave informal lectures on anatomy in front of the monkey house
at Berlin in the 1860s (Hochadel 2005). Thus, the animals were only of scientific
value to much of the scientific community once they were dead, and scientific
observation of living animals in zoos was not considered worthwhile or was only
reported anecdotally (Baratay and Hardouin-Fugier 2002; Hochadel 2011). There
were, of course, some notable exceptions to this, such as Darwin’s observations of
emotional expressions in primates, which were carried out at London Zoo (Black
2002).

The scientific study of primates in zoos started to change in the 1930s. At London
Zoo, Solly Zuckerman undertook a behavioral study of the hamadryas baboon
colony, which had been set up on Monkey Hill. Zuckerman (2013) described the
sexual and dominance fighting occurring in the group and established in many
people’s minds the belief, held until surprisingly recently, that zoo primate colonies
were hyperaggressive. However, the colony consisted of 39 adult males and only
nine females. As Morris and Morris (1966) later commented, it was a testament to
the flexibility of baboon behavior “that there was not an immediate and total
bloodbath.” Ironically, although it would be another 50 years before the next
large-scale study of social behavior in a zoo primate group, that later study
(de Waal 1982) would demonstrate the mechanisms by which primates maintain
social relationships in their societies (in this case chimpanzees at Arnhem Zoo).

Zoo primates were also proving to be valuable for research in comparative
psychology in the USA. Here, Abraham Maslow, better known for his “hierarchy
of needs,” undertook research on social dominance in monkeys at Vilas Park Zoo in
Madison (Maslow 1936). With Harry Harlow, he also experimented on the learning
abilities of a range of primate species at the Bronx Zoo (Harlow et al. 1932; Maslow
1936). Other workers subsequently conducted similar research at a variety of zoos,
but the behavior of zoo animals was widely seen as so artificial as to render any
research results coming from zoos as meaningless (Rumbaugh 1972). It has only
really been in the past few decades that the enormous potential of zoo-housed
primates as subjects for comparative research has been realized through the con-
struction of dedicated research facilities at zoos. Examples of these research facilities
include the Wolfgang Kohler Primate Research Centre at Leipzig Zoo (Pennisi
2001) and the Living Links to Human Evolution Research Centre at Edinburgh
Zoo (MacDonald and Whiten 2011). Zoos now undertake and host a significant
amount of primate research (e.g., Gartner and Weiss 2018; Behringer et al. 2018),
and although there is evidence of a taxonomic bias in much of this research in favor
of great apes (Melfi 2005), zoo collections nevertheless represent a considerable
resource for the primate researcher.
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10 Primates in Zoos, Then and Now

The modern zoo is about 200 years old, but those 200 years, and particularly the last
50 of them, have seen huge changes, and a visitor from 1816 would be astounded
now not just at the physical transformations zoos have gone through, but also the
revolution in underlying philosophy. A primatologist visiting a zoo in the
mid-nineteenth century might well see an array of different species, though there
would be few great apes or lemurs. Most of the monkeys they would see would be in
a Monkey House, housed singly or in small groups, in sparsely furnished cages. A
century on and that primatologist might still see an array of species in a Monkey
House, and they might still be housed singly or in small groups, but the enclosures
would probably be better furnished, and some of the larger terrestrial species
(macaques, baboons) could be observable in open, landscaped, moated enclosures.
A primatologist visiting a zoo now will notice that they are seeing many of the
species that they have already seen in other zoos, but often they will be looking at
active groups in naturalistically furnished enclosures. The zoos have changed from
what was effectively a kind of “living museum,” exhibiting examples of lots of
different species, to a “conservation and education center,” where exhibits are parts
of larger interzoo population management programs. There are, of course,
challenges, which are being addressed now, and will continue to be challenges in
the future. These include ensuring the best welfare for the animals, genetic manage-
ment of dispersed populations in light of dwindling wild populations, maintenance
of wild-type behaviors and avoidance of “domestication,” and the management of
surplus animals. Nevertheless, for the primatologist, a good zoo is certainly an
exciting place to visit!
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The History of Chimpanzees in Biomedical
Research

Patricia V. Turner

Abstract

Chimpanzees have been used in biomedical research for over a century. With the
removal of chimpanzees from biomedical research in the European Union, Japan,
and more recently, the USA, this topic is of public and scientific interest. This
chapter will cover the use of chimpanzees in biomedical research from the early
1900s, including consideration of the impact of captive breeding and housing on
welfare, the debate over chimpanzee use in research and the decision leading to
their removal from mainstream biomedical research, and the potential
repercussions this will have for both chimpanzees and humans.

Keywords
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1 Introduction

The aim of this chapter is to recall the history of how and why chimpanzees came to
be used in biomedical research and the subsequent impact on chimpanzee welfare. It
is always important when considering events that occurred outside of the immediate
contemporary era to remember the historical context during which they occurred,
including the very different societal perceptions and ethical values that were preva-
lent in the early to mid-twentieth century. The use of chimpanzees in research began
at a time when it was permissible to display a willing pygmy human, originally a
member of the Mbuti tribe from the Congo, in the 1904 St Louis World’s Fair and
then later within an ape exhibit at the Bronx Zoo (Bradford and Blume 1992).
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Similarly, at the turn of the last century and throughout the 1950s, medical studies
were routinely conducted on psychiatric and cancer patients (both adults and chil-
dren), prison inmates, African Americans, and indigenous people of North America,
Africa, and elsewhere without informed consent or other forms of approval (Gamble
1997; see the following for examples: Rice 2008; Mukherjee 2010). Animal welfare
was not a consideration for biomedical research subjects in the early 1900s, and few,
if any, research review or ethical oversight processes were in place for human or
animal studies throughout North America or Europe (Gamble 1997; Elkeles 2004;
Layman 2009). Scientists were limited only by their imaginations, and, sometimes,
their pocketbooks, in that national extramural research funding programs were rare
and sparsely funded by today’s standards (IOM 1990). The public, at least in North
America, fueled by post-World War I medical successes and new life-saving
medicines, including disinfectants, newer anesthetic agents, and rudimentary anti-
microbial therapeutics, was keen to see medical success continue and contribute to a
thriving economy and increasing standard of living (Block 2001; Aminov 2010;
Hampton 2017). Many forms of scientific investigation, including direct infection of
humans with incurable diseases, were considered reasonable in the cause of advanc-
ing science and medicine (Elkeles 2004).

2 Early Chimpanzee Use in Research and the Road
to the Yerkes Primate Research Center

The use of chimpanzees in biomedical research began in multiple Western countries,
including Prussia, Belgium, France, the United Kingdom, Russia, and the USA on a
sporadic and haphazard basis toward the end of the nineteenth century and into the
early twentieth century. Research was initially based on chance availability of
animals or their cadavers from zoos or other private collections (Fridman and Nadler
2002). In the mid- to late nineteenth century, apes were of significant interest to
scientists, particularly within the context of evolutionary discussions (Honess 2016).
At the time, observational field studies were viewed dimly by the scientific commu-
nity as being unscientific and uncontrolled, but the controlled study of chimpanzees
under laboratory conditions was hindered since specimens were expensive and
difficult to procure (de Waal 2005).

Apes were so rare as research subjects that chimpanzees and bonobos were not
recognized as different species until 1933. Prior to this, both were referred to as
“chimpanzees” and studied together (Coolidge 1933). All apes were initially wild-
sourced for research, and young chimpanzees were plucked from their mothers in
Africa (the mothers and several other family members often being killed in the
process) and traded to sailors in African ports and markets in the late nineteenth
century. Welfare was poor and many animals died from malnutrition and exposure
during the long ship journeys between Africa and Europe (Fridman and Nadler
2002). Even for chimpanzees that survived the voyage, life was often short as little
was known about appropriate management and captive care of chimpanzees. This
included the intensive and prolonged altricial needs of infants, as well as specifics of
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diet, housing, and hygiene needed for successfully keeping animals of all ages. Up to
the mid-1950s, infectious disease containment and hygiene practices were minimal
for captive research chimpanzees, and it was not uncommon for juveniles and adults
to die suddenly and spontaneously of dysentery or respiratory disease (http://
first100chimps.wesleyan.edu/; Yerkes 1943). In 1915, the first recorded captive-
bred chimpanzee was born within a private Cuban menagerie managed by an
idiosyncratic and wealthy amateur naturalist and animal lover, Madame Rosalia
Abreu (Wynne 2008). However, it would still be many years until chimpanzees were
bred for commercial sale for research use.

Early scientific research on chimpanzees included descriptive studies on compar-
ative physiology, anatomy, pathology, neuroanatomy, and behavior, but sufficient
numbers were generally unavailable for controlled experimental studies. One nota-
ble exception to this was Elie Metchnikoff’s studies in Paris in 1903, in which he and
his co-workers purchased 50–60 chimpanzees and orangutans for syphilis
experiments. This research resulted in production of the first reliable animal models
for the study of the disease and progress in finding early treatments for syphilis
(Krause 1996; Rossiianov 2002). There are few details available about the care or
fate of these animals, but the development of a reliable animal model for studying
syphilis and the advancement of efficacious treatments were considered major
medical breakthroughs. At the time, it was estimated that 16% of Paris’s population
was infected with syphilis, accounting for 11% of all annual recorded deaths for the
city (Krause 1996).

The first organized chimpanzee research center, the Anthropoid Research Station,
was established on Tenerife, one of the Canary Islands, by the Prussian Academy of
Sciences in 1912. Today, it is accepted that the site was selected, in part, to spy on
nearby shipping lanes, and because it had an appropriate ambient climate and ready
food sources for chimpanzees brought in from nearby Cameroon (Ley 1990). Before
World War I, there was minimal state budget for primate or other research. The
construction and operation of the station were made possible by a generous donation
(approximately $5.8 million U.S. dollars in 2018) from a Prussian banker, who was
interested in the ontogeny of individual and group morality (Lück and Jaeger 1988).
Wolfgang Köhler, a German psychologist, directed the center from 1913 and studied
the development of “insight” using controlled experimental trials in nine
chimpanzees, as well as in many other animal species, until research ended in
1917 and the center was abandoned. Primate research centers that included
chimpanzees were subsequently established in the 1920s by France (Pastoria in
Guinea by the Pasteur Institute in 1923; more of a staging site that supplied Paris
laboratories with several hundred wild-caught juvenile chimpanzees), Russia
(Sukhum Station on the Black Sea in 1927), and other European countries, and
used to study infectious and tropical diseases, behavior, and reproductive biology
(Haraway 1989; Fridman and Nadler 2002; Rossiianov 2002). As early as the 1920s,
there were significant concerns within the scientific community about depletion of
wild animal populations. This was because of the juvenile capture/adult depopula-
tion methods used by African hunters to acquire chimpanzees for research, and
because of sporadic but devastating infectious gastroenteritis outbreaks that
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periodically killed hundreds of chimpanzee juveniles waiting to be transported out of
local holding centers (Rossiianov 2002).

Although the goal of a large-scale, funded American ape research center was not
realized until 1930, Robert Yerkes, an American psychologist considered by many
to be the father of modern primatology, had written about the need for a U.S.-based
center for anthropoid study as early as 1916. Lobbying for an ape research center
occurred during the contextual background of the Nature Movement, in which there
was tremendous interest in establishing public collections of animal remains within
museums, and furthering education and scientific knowledge about the natural
world. This was part of an ongoing attempt to try to understand the place of humans
in the natural order of primates and the scientific underpinnings of primate personal-
ity (Haraway 1989). In Yerkes’ vision, the center would have stable, long-term
funding and facilities for maintaining, breeding, and experimenting on chimpanzees
and other primate species. In addition, he envisioned that the center would be located
in a climate suitable for indoor–outdoor living of the animals, while at the same time,
avoiding the enervating effects on humans of a hot, tropical climate (Yerkes 1916).
Further, Yerkes proposed that all forms of scientific study, including behavioral,
biomedical, fundamental science, and comparative biology, would occur together at
this site to make best use of the animals.

So committed was Yerkes to this concept of a national ape research resource that
he indicated a willingness to devote his life to its inception (Yerkes 1916). Subse-
quently, to enhance his understanding of primate care and to initiate psychobiology
research on chimpanzees, Yerkes purchased two wild-caught juvenile apes using
personal funds from an importer associated with the Bronx Zoo, a chimpanzee and a
bonobo, although he did not know that the two animals were of different species at
the time. He housed and studied the two apes, and subsequently others, in a
renovated barn situated on his farm in New Hampshire (Yerkes 1977). The first
two chimpanzees died within the year from different infectious diseases, a reminder
again of how little was known about captive care of these animals at the time.
Through this experience and visits to other sites that held chimpanzees, including
that of Abreu, Yerkes gained a great deal of knowledge and practical experience
about captive chimpanzee management and breeding. This also formed the basis of
his training approach for subsequent research on chimpanzees by research team
members at Yale (Yerkes 1925, 1943). Although seemingly basic by current
standards, Yerkes’ recipe for success in housing chimpanzees was to socially
house animals in large, clean spaces with a choice of shade or sunlight, together
with lots of fresh air, a varied diet, regular feeding, and, where possible, indoor–
outdoor access for exercise. Some measure of hygiene was afforded by removing
uneaten food on a regular basis.

Yerkes subsequently transitioned to Yale from Harvard and established the
Primate Laboratory in 1924 (Hilgard 1965). The cramped laboratory space soon
became inadequate for the needs of the chimpanzees and other primates, and the
cold, damp climate of Cambridge, MA, proved to be unsuitable for chimpanzee
breeding. The location served as a temporary site to initiate chimpanzee research
until additional funding and a more suitable property could be obtained. Eventually,
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a site in Orange County, Florida, near Jacksonville, was purchased and the Yale
Anthropoid Laboratory first opened its doors in 1930. The laboratory was funded
initially by a $500,000 grant from the Rockefeller and Carnegie Foundations, and
from Yale University (Haraway 1989). Because of funding constraints, the site was
not the densely forested, multi-acre property that Yerkes had envisioned to permit
free-roaming of captive research chimpanzees, but it did provide a private, fenced
compound with an outdoor exercise area of just under an acre (0.4 ha) (Riesen 1977).
The site was populated with captive chimpanzees from various private and research
collections in the USA and Europe and supplemented later by wild-caught juveniles
and chimpanzees born at the research station.

The first recorded American captive chimpanzee birth occurred in September
1930, marking the start of systematic breeding of chimpanzees in the USA for
research purposes (Fridman and Nadler 2002). Scrupulous attention was given to
documenting detailed life histories of each chimpanzee housed at the Yale Anthro-
poid Laboratory, work that was generally given over to graduate students, who also
provided much of the care and feeding of the animals. Primate veterinarians did not
exist at the time, and local physicians and pediatricians were prevailed upon to
provide medical care to the chimpanzees (Yerkes and Learned 1926; Riesen 1977).
Robert Yerkes’ primary research at the time revolved around studies of personality
and comparative psychology in chimpanzees (Yerkes 1943). He was adamant that,
whenever possible, animals should be trained to cooperate in experimental
procedures, for both humane and scientific reasons (Yerkes 1943; Haraway 1989).
This principle was also adopted by and expected of his graduate students (Haslerud
1977). That said, positive punishment was used at times when chimpanzees resisted
participation in daily experimental trials (Yerkes 1943).

The nature of the comparative psychology studies conducted by Yerkes, and his
associates at the Orange Park facility were wide-ranging and sometimes quite
invasive. There were no animal research ethics committees, and graduate research
projects and experimental approaches were generally agreed upon by the primary
advisor or a small graduate research advisory committee. Examples of research
conducted at the Orange Park facility included studies on social dynamics, chim-
panzee sex, vision deprivation experiments, in which infant chimpanzees were raised
in the dark to 16 months of age (Riesen 1947), isolation rearing of infants (Yerkes
1940; Haslerud 1977), avoidance and frustration studies (Haslerud 1977), and
morphine addiction studies (Spragg 1977).

Following Yerkes’ death in 1956, Emory University assumed ownership of the
Orange Park facility. The chimpanzees were eventually moved to Emory University
in Georgia in 1965 after the U.S. National Institutes of Health (NIH) designated
Emory University as an official Regional Primate Research Center. An outdoor
research field station was built nearby in 1966 to house and breed various primate
species, including chimpanzees.
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3 Use and Care of Captive Chimpanzees in Research

Although the types of research that have been conducted with captive chimpanzees
(e.g., behavioral, aerospace, biomedical, and linguistic) are considered separately in
the following section, they are all part of a greater continuum. This is because the
history and development of each are linked, the housing and husbandry provided to
animals for each of these purposes have been comparable throughout history, and
surplus or “spent” animals from one branch of research frequently were transferred
and subsequently used in others. Yerkes referred to the chimpanzee as the “servant
of science” (Yerkes 1943, p 1) and encouraged the widespread use and exchange of
chimpanzees as a replacement for forms of research that could not be conducted on
humans (Yerkes 1943).

3.1 Chimpanzees in Aerospace Studies

Primates became involved in American military aerospace studies in the 1940s, and
young chimpanzees were used for some of these studies in the early 1950s. The use
of primates paved the way for subsequent human tests and space flights. Primates,
specifically chimpanzees, were deemed more similar to humans than the dogs that
were used in the Soviet space programs, and thus more relevant as a research species,
and there was a race for space supremacy during the Cold War. Some early studies
involved rapid acceleration and decompression testing, which resulted in the instan-
taneous death of the animals. Chimpanzees were generally injected with a sedative
before trials (Zinser 2014). Later trials involved training and preparation of
chimpanzees for the Mercury space flights in anticipation of human flights, which
meant that the animals would have been more prepared for physical effects of the
flights, such as weightlessness, restraint in-flight sleds, and various noises and
vibrations. Initially, the infant chimpanzees needed for the aerospace tests were
wild-caught in Cameroon and group-housed in indoor facilities in the USA. Later,
a successful breeding colony was established at the Holloman Aero-Medical (HAM)
Research Laboratory in Alamogordo, NewMexico. This facility had animals and the
necessary personnel, including veterinarians and veterinary technicians, to care for
the young chimpanzees; however, before the development of the Mercury space
program, the personnel lacked training in behavioral management of animals
(Angelo 2007). Behavioral management was later recognized to be essential in
training animals to perform various maneuvers during flights when no humans
were around. Subsequently, chimpanzees, and later, veterinary personnel, were
sent to the Wenner-Gren Aeronautical Research Laboratory at the University of
Kentucky for behavioral and methodology training, respectively (Henry and Mosley
1963).

Numerous chimpanzees were used for developing and optimizing flight training
techniques and simulations, and as is the case for human astronauts, many animals
underwent rigorous training for space flight with the expectation that only a few of
the highest performing animals of a specific body size would be taking part in flight
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missions. Photographs from this period show close physical relationships between
the young chimpanzees and their human caregivers (Fig. 1), with animals being
carried like infants by military personnel or sitting in chairs or on a table in the
company of personnel (Henry and Mosley 1963). As part of their training, animals
were habituated to long periods of restraint in the flight capsules. Further, positive
reinforcement and shock-avoidance techniques were used to train animals to respond
with high discrimination to complex instrument signals that the animal would need
to monitor during actual flight. One chimpanzee, Ham, received 219 h of training
over 15 months in addition to centrifugal launch simulations (Henry and Mosley
1963). Ham undertook the first suborbital ballistic flight from Cape Canaveral,
Florida, on January 31, 1961, and captured the hearts and minds of millions of
Americans, later appearing on the cover of Life magazine on February 10, 1961.
After similar rigorous training, Enos, another young male chimpanzee, was sent into
an orbital flight on November 29, 1961 (Henry and Mosley 1963), becoming the first
being to orbit the earth. During the flight, because of an inadvertent crossing of
wires, Enos received repeated shocks despite correctly performing functions
throughout (Conlee and Boysen 2005).

Ham was retired from research in 1963 and singly housed on display for the next
17 years at the National Zoo in Washington, DC. He was then moved to a group
setting at the North Carolina Zoo in 1981, where he died prematurely, 2 years later,

Fig. 1 Examining young
chimpanzees in an outdoor
run at the Holloman Air Force
Base. Photo courtesy of
Dr. W.E. Britz
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at approximately 24 years of age. Enos was returned to the Air Force colony and died
of bacterial enteritis 11 months following his orbit of the Earth (Angelo 2007), prior
to his fifth birthday. Shortly after these flights, the U.S. Air Force research program
with chimpanzees ended, and by 1963 most of the remaining chimpanzees were
either leased to Fred Coulston, a toxicologist and researcher based out of the Albany
Medical College in New York, for private and public biomedical research use or
maintained for breeding purposes by New Mexico State University in Alamogordo
(Conlee and Boysen 2005). Breeding and research occurred at the original Holloman
Air Force Base in New Mexico, which was equipped with solid but barren concrete
and metal enclosures and small metal cages for holding the chimpanzees. These were
typical of enclosures built at the time for chimpanzees in all settings, including zoos
(Hosey 2022). While good for disease control, little consideration was afforded to
captive animals in terms of their psychological or behavioral well-being, resulting in
poor welfare.

3.2 Chimpanzees in Linguistic Studies

There was longstanding interest within the psychobiology community in determin-
ing whether apes could learn to communicate through the use of language. Several
poorly standardized experiments of the 1940s and later demonstrated that even when
chimpanzees or other apes were brought into the home at an early age and raised
similarly to a human child, they were incapable of vocalizing words (Rumbaugh
1977; Haraway 1989). In 1966, Beatrix and Allen Gardner, a husband and wife
scientist team working at the University of Nevada in Reno, purchased a wild-caught
infant chimpanzee, Washoe, and brought her to their home. Their goal was to test
whether chimpanzees could be taught to express themselves using American Sign
Language (AMESLAN) (Gardner and Gardner 1969). Washoe had no difficulty
learning sign language, but she quickly outgrew her trailer and backyard
accommodations, necessitating a move to the Institute for Primate Studies in Nor-
man, Oklahoma, and later to Central Washington University in Ellensburg,
Washington. Washoe went on to teach her adopted chimpanzee son, Loulis, AME-
SLAN, and remained a signing chimpanzee until her death in 2007 at 42 years (Fouts
1997). David and Ann Premack, working at the University of California in Santa
Barbara, conducted similar experiments on a chimpanzee named Sarah using plastic
linguistic markers and found that Sarah mastered 130 symbols with up to 80%
reliability (Rumbaugh 1977). Publications describing the sensational results from
both groups sparked discussions and debates as to possible investigator bias in
subjectively interpreting signing, and fueled interest in determining whether
chimpanzees could actually communicate complex thoughts using sign language
or by other means. This interest also led to almost two decades of linguistic research
on chimpanzee and gorilla infants in the USA in search of finding a common
language (Haraway 1989). The question of language capabilities of apes also forced
reinterpretation of man’s place in the animal continuum, since these results together
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with the chimpanzee tool use observations of Jane Goodall indicated that two human
qualities, language and toolmaking, were not exclusive to humans (Haraway 1989).

Juvenile animals were thought to be optimal for language research, both because
they were easier to handle than adults and because their brains at that age were felt to
be more receptive for learning, meaning that infant chimpanzees were taken from
their mothers when they were as young as 2 weeks, and placed under human foster
care (Fouts 1997). This resulted in a further need for captive chimpanzee breeding
with the rise of new sites, such as the Institute for Primate Studies in Oklahoma
(Hampton 2016a). This institute was directed by psychotherapist William Lemmon,
a keen proponent of domination and fear training techniques, who had a fondness for
using a cattle prod and restraint chains with his research chimpanzees (Fouts 1997).
Lemmon also commonly “prescribed” infant chimpanzee foster rearing to many of
his patients in Norman, Oklahoma (Fouts 1997). Most of the infant chimpanzees
from language training programs eventually outgrew their quarters, became too
dangerous to work with, or were made redundant by lack of interest and a reduction
in federal funding for this line of language research in the mid-1980s (Hampton
2016b). Although a few university-based chimpanzee language research centers in
the USA persisted through the decades, in the 1980s many of these animals were
transferred or sold to biomedical research centers, such as the Laboratory for
Experimental Medicine and Surgery in Primates (LEMSIP) in New York, to be
used for biomedical studies (Hess 2008).

3.3 Chimpanzee Use in Experimental Medicine and Biology

Because of their rarity, chimpanzees were not used much in early biomedical
research. Other than some rather bizarre and failed Soviet attempts to produce a
chimpanzee–human hybrid in 1927 by Il’ya Ivanovich Ivanov (Rossiianov 2002;
Etkind 2008) and exploration of chimpanzee testicular slice transplants into aging
men (purportedly to restore virility) by Serge Voronoff, a Russian surgeon working
in Paris in 1919 (Kahn 2005; Kozminski and Bloom 2012), early research use of
chimpanzees was largely confined to infectious disease and behavioral studies. The
use of chimpanzees in experimental biology and medical research expanded mark-
edly in the late 1950s (Fridman and Nadler 2002) and was commensurate with the
development of in-country national primate research centers and breeding colonies
in the USA, Japan, UK, the Netherlands, Austria, and elsewhere. A marked increase
in the number of scientific publications related to primates occurred simultaneously,
and between 1968 and 1976, an estimated 2800 research institutes were using
primates in research worldwide (Fridman and Nadler 2002). Chimpanzee use tended
to be restricted to purpose-built nationally funded or supported primate research
centers or private institutions, such as pharmaceutical companies, because of the
specialized knowledge, handling facilities, and high cost required to care for and
use them.

For over 40 years, chimpanzees were considered essential for research on
hepatitis A, hepatitis B, and hepatitis C infections and vaccine development, since
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chimpanzees readily develop persistent infections to human hepatitis agents, but do
not develop clinical signs of disease for hepatitis B and hepatitis C (Hillis 1961;
Deinhardt et al. 1962; Buynak et al. 1976; Prince and Brotman 2001; Bukh 2004;
Catanese and Dorner 2015).

Hepatitis B and hepatitis C viruses and the human immunodeficiency virus (HIV)
were known to be transferred through blood products, and there was interest in
developing rapid screening assays to assure a safe national blood supply for humans.
The development of novel assays used samples from infected chimpanzees (Tobler
and Busch 1997). Not-for-profit research centers, such as LEMSIP and the
New York Blood Center (NYBC), came into being between 1965 and the early
1970s, and developed on-site (LEMSIP: New York state) and offshore (NYBC:
Vilab II in Liberia) chimpanzee breeding colonies to support research and develop-
ment of tests of and vaccines against hepatitis B and hepatitis C viruses.

While resulting in tremendous health gains for humans, there was a significant
cost to chimpanzees from the hepatitis research. Any infectious disease study using
animals that may result in a major risk for serious human disease must be conducted
under enhanced biosecurity conditions, including more barren housing and less
freedom of movement. In the case of hepatitis research, this necessitated single
housing of chimpanzees in stainless steel cages continuously for months to years to
minimize the potential for bites and scratches of human caregivers and researchers,
and to enhance ease of handling and access for sampling and observation. For
hepatitis studies, blood was generally collected from conscious animals using
squeeze-back cages (a cage with a false back that can be pulled forward to forcibly
press animals against the front wall of the cage) on a weekly basis, often for 4–6
months or beyond, depending on the nature of the study (Prince et al. 2005). To track
the course of infection and the extent of disease, multiple percutaneous liver biopsies
were collected from immobilized or sedated chimpanzees at least four to twelve
times over the course of a study at semi-weekly (Sakai et al. 2003), weekly, or
monthly intervals (Su et al. 2002). No information was provided in most papers
published at the time regarding peri-operative analgesic use despite the discomfort
and pain known to be associated with percutaneous liver biopsy. It is thus unknown
whether analgesics were administered and not reported or not used. Studies required
chronic infections to mimic human disease and were commonly 6 months to 2 years
in duration, although one study mentions testing animals over 5 years following the
initial infection (Mizukoshi et al. 2002), the entire duration for which most of these
animals would be singly housed in an indoor cage. Following the conclusion of a
study, chimpanzees could never be returned to social housing conditions because of
the risk of transmitting infections to uninfected chimpanzees and caregivers. Thus,
infected chimpanzees had to be housed apart from their conspecifics, something that
was noted as being highly unnatural and psychologically damaging by Robert
Yerkes (1943). When possible, cohorts of similarly infected chimpanzees were
formed and group-housed, and these animals became available for other studies. In
all, it is thought that just over 500 chimpanzees were used globally in hepatitis C
research between 1998 and 2007 (Bettauer 2010).
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Chimpanzees were also used for HIV research in the late 1980s and throughout
the 1990s and at least 150 animals were infected in the USA for this work (van Akker
et al. 1994). In 2000 alone, there were 23 ongoing Public Health Service-funded
grants for HIV-related research (including breeding and maintenance programs) in
captive chimpanzees (Conlee and Boysen 2005). Chimpanzees were eventually
recognized to be a poor model for HIV infection, because, in general, their CD4+

T cells do not become severely depleted postinfection and they almost never develop
immunodeficiency-related disease, such as is seen in HIV-positive humans with
acquired immunodeficiency syndrome (AIDS) (van Akker et al. 1994). One chim-
panzee chronically infected with HIV did demonstrate AIDS-like disease 10 years
after initial infection (Novembre et al. 1997). However, the cost and unreliability of
chimpanzees as a model argued strongly against their return to use for testing
candidate HIV vaccines, particularly when more promising primate models, such
as SIV-infected rhesus macaques, had been developed (Prince 1999). Throughout
this era and those preceding, there was less consideration for appropriate chimpanzee
behavioral management with an emphasis instead on maximizing the data extracted
from each animal.

Chimpanzees have been used extensively for testing novel pharmaceuticals and
environmental toxins, although because of the expense of chimpanzee studies, their
use in these studies was restricted to work deemed most critical or necessary for
federal regulatory approval (Hobson et al. 1976; Mueller et al. 1985). From 1963 to
2002, over 1000 chimpanzees at the Coulston Foundation in Alamogordo, New
Mexico, were used for toxicology and infectious disease contract research. While
some of the research at the Coulston Foundation was conducted through funding
from NIH contracts, other work was conducted for private industry, the results of
which were never published, making it difficult to estimate the number of
chimpanzees used in studies and the scope and nature of studies in which animals
were used. Animal numbers at the Coulston Foundation varied over the years as the
facility accumulated animals when other chimpanzee research or breeding facilities
closed, such as LEMSIP in New York and the New Mexico State University
breeding colony in Alamogordo (Macilwain 1997). The Coulston facility was
never assessed and accredited by AAALAC, International, a voluntary not-for-profit
accrediting organization that assesses animal research programs using high standards
for animal care and welfare. Further, the facility received numerous citations and
fines from U.S. Department of Agriculture inspectors for Animal Welfare Act
violations over its years of operation for issues such as poor hygiene, inadequate
cage size, and inadequate veterinary care that resulted in chimpanzee deaths
(Wadman 1999). The NIH eventually withdrew support for breeding chimpanzees
at the Coulston Foundation and failed to renew key research contracts in the late
1990s, and in 2001, the U.S. Food and Drug Administration withdrew site registra-
tion, which precluded the site from conducting further regulatory studies. The care of
the animals (chimpanzees and other primate species) was turned over to the NIH
when the Coulston Foundation closed in 2002.

Other lines of biomedical research using chimpanzees have included studies of
photosensitive epilepsy (Naquet et al. 1967), respiratory virus infection and vaccine
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development (Bem et al. 2011), poliovirus vaccine development (Chen et al. 2011),
kidney and heart xenotransplantation to humans (Cooper et al. 2015), effects of
prefrontal lobotomies on task performance (Jacobsen et al. 1935; Rosvold et al.
1961), malaria, and a host of other applications (see Stephens 1995 for further
examples).

3.4 Large-scale Sourcing of Chimpanzees for Experimental
Studies

Wild, infant chimpanzees were the primary source of animals used for all types of
captive chimpanzee research with over 8000 animals estimated to have been
exported from Sierra Leone alone between 1928 and 1979 (Kabasawa 2011). It
has been suggested that five to ten adult animals were killed for each infant collected,
leading to a significant and rapid depopulation of chimpanzees in the West African
countries from which chimpanzees were being harvested (Kabasawa 2011). In the
1970s, approximately 60% of all wild-captured chimpanzees were exported to the
USA and Japan for research use, the rest going to research centers in Austria,
Germany, the Netherlands, France, and elsewhere, as well as sporadic animals
being exported for use in public and private zoos, entertainment, and personal
collections (Kabasawa 2011). Chimpanzee export and depletion of wild populations
became an issue of significant concern to ecologists, politicians, animal rights
activists, and primatologists during the 1960s. When the Convention on Interna-
tional Trade in Endangered Species of Flora and Fauna (CITES) was enacted in
1975, international chimpanzee exportation theoretically became highly controlled.
However, Sierra Leone, one of the largest exporters of chimpanzees globally, did not
become a CITES signatory country until 1995 (Kabasawa 2011; Turner 2017). Thus,
instituting CITES protection for chimpanzees slowed but did not immediately quell
wild animal export for research use, as animals continued to be exported for research
use in Europe and elsewhere, albeit in smaller numbers, throughout the 1980s and
beyond (Cherfas 1986). Further, to reconcile the use of chimpanzees in research and
in captive zoo and entertainment settings despite their international threatened status
(reinforced in the U.S. Endangered Species Act), in 1976, the U.S. Fish and Wildlife
Service introduced a split listing designation for chimpanzees, allowing for the
continued use of captive animals in research.

Prior to the establishment of captive breeding programs, chimpanzees purchased
as pets or for private animal collections, those used by the entertainment industry in
advertising, television, and movies, animals purchased for zoo performances in the
early twentieth century (see Hevesi 2022, for a review of primates in these
industries), and even some chimpanzees with difficult temperaments from zoo
settings were sporadically transferred to research facilities (Goodall 2003). This
occurred after animals entered adolescence and became difficult to handle because
of their physical strength and when they lost some of their physical attractiveness
and “cuteness” to humans with the onset of sexual maturity. There were few
perceived options for disposing of these unwanted chimpanzees, since most zoos
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were unable to accommodate extra animals and animal sanctuaries that were capable
of caring for mature chimpanzees were few and far between (Goodall 2003). These
animals frequently came with a host of abnormal behaviors, such as hair plucking,
rocking, and coprophagy, and were often difficult to integrate into social settings in
research colonies because of years of social isolation, cramped housing conditions,
and adverse training techniques that they had been exposed to as juveniles. This also
limited the types of studies that these animals could be used for in research settings.
Thus, despite the fact that several hundred chimpanzees were transitioned from pet,
entertainment, or zoo facilities to research institutions over several decades, a more
reliable source of chimpanzees was required to fulfill research needs following the
onset of international animal import/export bans.

Some research centers were successful in breeding chimpanzees, particularly in
the USA and Japan (Graham 1981; Morimura et al. 2011). Despite this, the long
intergeneration interval of chimpanzees meant that it took many years for animal
numbers to increase to a point that a country became self-sufficient and no longer
needed to import chimpanzees. In addition, chimpanzee infant mortality rates
remained relatively high, further contributing to slow growth in colony numbers
(Graham 1981). In terms of estimating numbers of chimpanzees needed for research,
hundreds of animals were initially anticipated for study of HIV in the 1980s and
many available breeding age chimpanzees were considered to be unsuitable for
reproductive or other research projects because they were chronically infected with
various diseases from previous research, such as hepatitis B virus. Following a
national census of research chimpanzees, a detailed review of animal genetics and
health histories, and extensive expert consultations, the U.S. government concluded
that there was a need for coordinated action to protect national health interests. In
1986, the NIH funded five breeding centers for chimpanzees, charging these centers
with communicating and harmonizing best practices between themselves to optimize
animal care (Graham 1981; Hobson et al. 1991; NRC 1997). The U.S. chimpanzee
breeding programs were highly successful, and within less than a decade, the
U.S. government population of chimpanzees rose to almost 1000 animals. Because
research needs in HIV studies were less than anticipated during this same interval,
this created a surplus of chimpanzees that were being maintained in research centers
at significant cost to the American taxpayer.

Discussions were initiated within the newly formed National Chimpanzee Man-
agement Program Advisory Committee regarding how to care for and manage the
U.S. federal government’s captive population of research animals. Despite the great
expense of caring for chimpanzees within institutional settings, and the long life
spans of chimpanzees (40–50 years or more), the Committee recommended against
euthanizing surplus animals. This consideration was made in recognition of their
special connection to humans, but also because of an anticipated public outcry at
such an action. To keep expenses in check, however, the NIH instituted a 10-year
chimpanzee breeding moratorium in 1995 (IOM 2011). In addition, because future
chimpanzee needs could not be accurately predicted, a recommendation was made
for the U.S. federal government to maintain a population of about 1000 research
chimpanzees and for the government to consider developing a sanctuary for future
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potential retirement of chimpanzees from research (NRC 1997). The care for these
animals would be overseen by a newly formed U.S. Chimpanzee Management
Program (NRC 1997). The issue of whether the breeding moratorium on federally
owned research chimpanzees should continue was reviewed in 2007 by a panel of
nongovernment experts (the Chimpanzee Management Plan Working Group); how-
ever, this group was unable to reach a decision on the issue (NCRR 2007). Subse-
quently, the NIH’s National Advisory Research Resources Council determined that
an indefinite ban on chimpanzee breeding should be maintained (IOM 2011).

3.5 Captive Research Chimpanzee Housing and Care

Until the mid-1960s, care of research chimpanzees was largely in the hands of
scientific investigators and the institutions they worked for. Minimum standards
for housing and husbandry of research chimpanzees were not established in the USA
until the Animal Welfare Act was passed in 1966 (U.S. Department of Agriculture
2017) and much later in the European Union (1986) and Japan (1983) (IOM 2011;
Morimura et al. 2011). The conditions of the 1966 Animal Welfare Act are provided
for basic care and sanitation practices, minimum cage sizes, and unannounced
veterinary inspections for specific covered species, but the Act did little to address
aspects of social, behavioral, physical, psychological, and environmental manage-
ment that are now known to be critical to captive animal health and well-being.
Similar to many zoos at the time, cage sizes were not based on scientific evidence,
but were adopted from cages being used at the time that seemed to be adequate, and
materials used for building cages and enclosures tended to be those that could be
readily sanitized and disinfected, such as stainless steel and concrete. This resulted in
indoor housing environments that were sterile and barren in appearance, since
minimal consideration was given to environmental enrichment until the 1990s
(Wolfle 1999). Depending on the location and climate, some facilities also had
large outdoor enclosures or corrals that could be used to house small colonies of
animals used for breeding or that were not on active research protocols (Fig. 2).

The U.S. Animal Welfare Act was an important first step in providing regulation
for research animal care, but it was not until amendments to the Act in 1971 and
1986 that the need for written research protocols with a priori animal ethics commit-
tee review was required (Turner 2017). Similar requirements were imposed by the
U.S. Public Health Policy (1979) on holders of federally funded grants. Changes to
the Animal Welfare Act in 1985 included recommendations for improving the
environment of captive primates to enhance the animals’ psychological well-being
and a requirement for documenting the plan, but few specifics were provided, and so
few consistent practices were adopted across research facilities (U.S. Department of
Agriculture 1985; Wolfle 1999). A significant number of studies on primate envi-
ronment and social housing were published in the 1990s, leading to scientific debate
amongst primatologists, ethicists, and veterinarians regarding what was needed to
optimize the housing of nonhuman primates. Publication of the National Research
Council’s report on “Psychological Well-Being of Nonhuman Primates” helped to
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provide the research community with a more fulsome understanding of environmen-
tal enrichment and behavioral well-being (NRC 1998). The report emphasized the
need for social housing as the most important attribute of primate care, as well as
provision of food foraging resources, cage furnishings, such as perches and visual
hiding places, objects that could be manipulated, and other resources, such as
opportunities for exercise, to ensure that captive research primates could perform
at least some natural behaviors and had sufficient stimulation to promote mental
well-being and minimize the development of abnormal behaviors (NRC 1998).
While special provisions were permitted to deal with program exceptions, such as
single housing of animals when scientifically justified, these guidelines were broad-
ranging and applicable to all nonhuman primate species held in research settings,
including chimpanzees, and had a significant impact on improving the captive
research primate environment.

4 Ethical Concerns Regarding Captive Chimpanzee Welfare
and the Development of a Research Chimpanzee
Sanctuary

Following the moratorium on breeding of chimpanzees for research purposes in the
late 1990s, arguments were made for increased use of chimpanzees in research in a
range of applications (VandeBerg and Zola 2005). However, the larger issues

Fig. 2 Large outdoor exercise structure at the Southwest Foundation for Biomedical Research, San
Antonio, Texas in 1989. Photo courtesy of Dr. T.M. Butler
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surrounding the ethics of using such intelligent and sentient animals in invasive
biomedical research projects combined with the high federal cost of maintaining
chimpanzees in research centers, estimated to be $300,000 to $500,000 USD per
animal over the course of a 30- to 45-year lifespan, led to a reduction in support for
their use, although overall numbers of U.S. federal grants funding chimpanzee
research remained relatively stable during this time (Cohen 2007; Knight 2008; de
Waal 2012). In 2008, the Great Ape Protection Act was introduced into the
U.S. Congress in an attempt to ban the use of great apes of any species in research,
but the proposal was never enacted in this or subsequent attempts (U.S. Congress
2011).

The mounting costs of maintaining chimpanzees in research facilities had not
gone unnoticed within the U.S. federal government, and in 2000, resulted in a
directive from Congress to retire unused federally owned chimpanzees to a sanctuary
largely as a cost-saving measure (US Chimpanzee Health Improvement, Mainte-
nance and Protection Act 2000). Chimp Haven, a chimpanzee sanctuary in
Keithville, Louisiana, that had been established in 1995, was awarded the federal
contract in 2000 for providing care for any future retired government chimpanzees,
although the first two federally owned chimpanzees did not arrive until 2005 (Figs. 3
and 4). In 2007, a loophole was closed in an existing public service act, permanently
preventing retired chimpanzees from being transferred back to research facilities or
otherwise being used for invasive experimentation (U.S. Chimp Haven is Home Act
2007). Other private or not-for-profit companies that had been using chimpanzees in
research, such as NYBC and various pharmaceutical companies, subsequently

Fig. 3 Chimpanzees seen foraging in a Chimp Haven habitat. Photo courtesy of R. Smith

46 P. V. Turner



phased out chimpanzee use between 2005 and 2014 on a voluntary basis. The NYBC
phase-out was highly controversial since the annual financial provisions that the
organization provided for supporting the retired colony of research chimpanzees
living on small islands off the coast of Liberia were withdrawn abruptly in 2015, as
an institutional cost-saving measure. To prevent these hepatitis-infected
chimpanzees from starving to death, immediate daily maintenance and veterinary
care were taken on by international animal protection groups, but the controversy
continues to highlight the need for defining ethical institutional responsibility when
long-lived animals are used for research purposes (Gorman 2015).

Elsewhere, there was a significant movement away from the use of chimpanzees
in research in the 1990s and early 2000s, created in part by heavy government
lobbying from animal protection and public interest groups. The UK had signifi-
cantly restricted all research on great apes in 1986 but committed to an outright
Home Office prohibition of granting new licenses for great ape research in 1997
(Knight 2008). The Dutch government issued a similar prohibition on great ape
experimentation in 2002, although ongoing studies did not conclude until 2004,
following which all remaining chimpanzees housed for biomedical experimentation
were transferred to zoos or sanctuaries. Several other European countries and
countries elsewhere around the world instituted similar research bans, regardless
of whether they had ever used chimpanzees in biomedical research. In Japan, the sole
pharmaceutical company using chimpanzees for testing voluntarily agreed to stop
experimentation in 2006, and subsequently supported development of the
Kumamoto Sanctuary, in conjunction with Kyoto University, to care for the retired

Fig. 4 Chimpanzees in a corral at Chimp Haven. Photo courtesy of R. Smith
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animals (Cohen 2007; Knight 2008; Morimura et al. 2022). In response to public
pressure, the European Union in 2010 instituted an outright ban on the use of great
apes in research under Directive 2010/63/EU, which went into effect in 2013
(European Commission 2010).

5 Research Chimpanzees Under the Microscope: Reports
of the Institute of Medicine (IOM) and the NIH Council
of Councils Working Group

The chimpanzees held at the Alamogordo Primate Facility in New Mexico under the
responsibility of the NIH and following the closing of the Coulston Foundation in
2002 had never been available for research since the facilities were considered
inadequate. In 2010, discussions occurred within the U.S. federal government
regarding the possibility of transferring these animals to the Southwest National
Primate Research Center in San Antonio, TX. This was seen as a means of making
these chimpanzees available once more for research studies, and as a cost-saving
consolidation measure, since the outsourced care of these animals was costing the
government approximately $2 million annually (IOM 2011). This sparked an outcry
from animal activists, primatologists, and the New Mexico government, the latter
being concerned about the possible loss of employment that would be brought about
by the facility’s closure (IOM 2011). Subsequently, the U.S. National Academies of
Sciences, Engineering, and Medicine was charged with conducting an in-depth
analysis of the need for chimpanzee research, a task eventually delegated to the
IOM. The IOM ad hoc expert committee, composed of scientists, bioethicists,
veterinarians, and consultants, was tasked with determining the necessity of chim-
panzee use for current or future biomedical or behavioral research. The committee
was specifically advised not to include cost or ethical considerations surrounding
chimpanzee use as part of their deliberations (IOM 2011).

Following a year of reviewing the use of chimpanzees in research and numerous
peer-reviewed scientific publications, availability of animals, international
guidelines covering the use of great apes in research, and public comment, the
committee submitted their report (IOM 2011). Through their efforts, the committee
developed and published core principles to define acceptable conditions for biomed-
ical and behavioral research with chimpanzees and defining a set of criteria as to
when chimpanzees could be used in research (IOM 2011). The specific criteria were
subdivided into biomedical versus behavioral research requirements. For biomedical
research, the committee proposed that chimpanzees could be used only if no other
comparable models existed, the research could not be conducted on humans, and
life-threatening or debilitating results could be expected in humans without occur-
rence of the research. For behavioral research, the committee stipulated that research
on chimpanzees should only occur if the information is unattainable by other means
and if the animals voluntarily acquiesced to participate in study procedures through
training, in an effort to reduce potential pain and distress. The report also emphasized
(but did not define) that chimpanzees should be held in ethologically appropriate
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environments and recommended that another committee be established to review
current and ongoing chimpanzee research protocols using NIH-owned chimpanzees
to ensure that they met these criteria.

The NIH accepted the IOM report in its entirety shortly after it was released.
Subsequently, another working group was formed and was charged with
implementing the report, including evaluating federally funded research grants
with chimpanzees against the IOM criteria, determining the size and placement of
a colony of chimpanzees for future research, and developing a process for reviewing
future requests to use chimpanzees in NIH-supported research. This new Council of
Councils’ Working Group was composed of biomedical and animal behavioral
scientists, veterinarians, a bioethicist, and a primatologist. In considering future
colony placement of active vs. inactive animals, the Working Group quickly realized
that defining an “ethologically appropriate physical and social environment” (IOM
2011) would be essential to completing the task. As part of its effort to define
housing needs, the Working Group conducted site visits to all U.S. federally funded
national research centers housing chimpanzees and two chimpanzee sanctuaries
(Chimp Haven and Save the Chimps) and solicited expert national and international
scientific opinion as to requirements for appropriate housing of chimpanzees. A
subcommittee for emerging infectious disease research needs was also convened to
assist with addressing the current and future need for chimpanzees in biomedical
research.

The Council of Councils’ Working Group submitted their report to the NIH in
2013. The report made extensive recommendations for appropriate environments for
retired and working research chimpanzees, and, based on the review of federal
grants, determined that the majority of research chimpanzees should be retired to
the federal sanctuary, since most of the currently funded grants did not meet the IOM
criteria and the sanctuary provided the most “species-appropriate environment” for
the animals (NIH 2013). Up to 50 chimpanzees could be maintained for future
potential biomedical research use, but these animals were to be held in an appropriate
environment and continuation of the colony should be reviewed every 5 years to
determine whether there was an ongoing need. The Working Group further
suggested that noninvasive behavioral research could be conducted at the federal
sanctuary, if needed. Finally, the Working Group developed the concept for an
independent oversight process for future NIH-supported research proposals with
chimpanzees, separate from the regular extramural NIH scientific program review
processes, in which investigators would have to justify how their proposals met the
IOM criteria (NIH 2013).

6 NIH Decision and Post-Decision Impact

The NIH accepted the Council of Councils’ Working Group report with the excep-
tion that research facilities housing chimpanzees would not have to meet the space
requirements suggested within the Working Group report (i.e., 93 m2/animal).
Subsequently, the Chimp Amendments of 2013 (S. 1561) were passed removing
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the $30 million USD cap that had been placed on sanctuary spending as this cap
would have prevented the transfer of research chimpanzees to the federal sanctuary
at Chimp Haven. This was followed by removal of the split listing status for captive
versus wild chimpanzees by the U.S. Fish and Wildlife services, such that all
chimpanzees would be considered as endangered species (U.S. FWS 2015). In
November 2015, the NIH issued a statement indicating that all chimpanzees, includ-
ing the potential colony of 50 reserve animals, would also be retired to the federal
sanctuary (Reardon 2015), paving the way for the end of all publicly funded
chimpanzee use for biomedical research in the USA.

Following the NIH’s announcement, concerns were expressed within the scien-
tific community that removing chimpanzees from biomedical research would result
in a perilous threat to humankind in the event of a future pandemic. The global
COVID-19 pandemic demonstrated that many other animal models were available
for studying that virus and developing efficacious therapeutics. However, a key point
made by the NIH Working Group in their 2013 report was that none of the highest
level containment laboratories in the USA were capable of safely holding
chimpanzees, and chimpanzee use had never been envisioned for highly pathogenic
infectious disease studies when these institutions were constructed in the early
2000s. This is largely because smaller, more easily contained and cared for,
purpose-bred nonhuman primate models, such as rhesus and cynomolgus macaques,
are readily available, and these models have proven to be as susceptible to many of
the same serious infectious diseases and conditions as humans.

By early 2018, 232 of the total NIH-owned or NIH-supported research
chimpanzees had been transferred to the federal sanctuary at Chimp Haven with
another 272 still held in three research facilities (NIH 2018). Concerns had been
voiced by the research facilities housing and maintaining these chimpanzees about
the safety of transporting up to 177 of the remaining animals, many of whom had
chronic degenerative diseases or other adverse behavioral or medical conditions
(NIH 2018). To address this, the NIH’s Council of Councils assembled another
Working Group that was charged with assessing the safety of relocating these at-risk
chimpanzees (NIH 2018). This Working Group visited the three sites still holding
retired research chimpanzees and Chimp Haven and developed recommendations to
guide relocation decisions for the remaining chimpanzees. The Working Group
recommended that all chimpanzees be relocated to the federal sanctuary at Chimp
Haven unless the move was associated with a high safety risk for a particular animal,
that the facilities caring for U.S. federally owned chimpanzees work collectively to
develop and use a common rubric for assessing the health and well-being of the
chimpanzees in their care, that the facilities develop shared standard operating
procedures to optimize the relocation of chimpanzees and work together to ensure
successful relocation of animals, and that any disagreements arising concerning
relocation of any chimpanzee would be decided by an independent
NIH-determined veterinary panel (NIH 2018). A harmonized chimpanzee health
categorization framework was subsequently developed and approved in 2019 and is
being utilized to make decisions about relocation of the remaining NIH-owned or
NIH-supported chimpanzees (NIH 2019). Under this framework, any chimpanzee
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deemed medically unfit to be transported to the federal sanctuary will be retired in
situ at the research facility in which it is currently held.

7 Conclusion

With the 2015 U.S. federal rulings and a decision the same year by the Franceville
International Center for Medical Research (CIRMF) in Gabon to retire their colony
of 50 chimpanzees (Sarabian et al. 2017), the use of chimpanzees for biomedical
research has largely ended on a global scale. Intensive study of chimpanzees over the
past 100 years has certainly helped to increase human knowledge about the natural
world and advance science and medicine in many important ways. But, at the same
time, it has raised significant ethical issues associated with keeping these large,
highly intelligent animals with complex physical, psychological, social, and behav-
ioral needs in restrictive housing environments in research settings. While it has been
difficult for some in the research community to accept, the near-complete end of all
biomedical use of chimpanzees represents refinement of animal use. As newer,
validated, and easier to care for animal models are developed, such as humanized
mice, these models can replace more challenging and difficult to manage models,
such as chimpanzees.
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Using Primates in Captivity: Research,
Conservation, and Education

Mark J. Prescott

Abstract

Nonhuman primates (henceforth, primates) are among the most extensively
studied animal species on the planet. In this chapter I provide a brief overview
of the reasons why primatology is a popular and thriving science, why primates
are valuable research subjects, the scientific disciplines in which they are used,
and the species and numbers involved. Globally, an estimated 100,000 to 200,000
primates are used in research every year, the majority (an estimated two-thirds)
being long-tailed and rhesus macaques used mainly for pharmaceutical develop-
ment, neuroscience, and infectious disease studies. I give examples of what
primates may experience as part of their involvement in regulated and unregu-
lated scientific procedures and outline how the associated ethical and welfare
issues are typically addressed. Although primate research projects are conducted
in a variety of settings, special attention is given in this chapter to laboratory- and
zoo-based research. The role of zoos in primate conservation and education is
also discussed. I conclude with some broad principles for good practice in the
design, conduct, and reporting of primate research, aimed principally at students
and early career scientists. Adoption of high scientific and ethical standards is
important for continued funding and public support for primate research, and for
garnering maximum value from it.
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1 Why Study Primates?

Then join our leaping lines that scumfish through the pines,
That rocket by where, light and high, the wild-grape swings,
By the rubbish in our wake, and the noble noise we make,
Be sure, be sure, we’re going to do some splendid things!
—Extract from Road-Song of the Bandar-Log [monkey-people]

The Jungle Book (Kipling 1894)

Primates are among the most extensively studied animals on the planet. For many
students and scientists studying these fascinating animals, their motivation is to
advance knowledge about the biology, behavior, and evolution of their study species
because this information has intrinsic interest. Other researchers conduct more
applied research of direct relevance to the management and welfare of primates in
captivity, or the conservation of threatened and endangered primate species. How-
ever, the most extensive use of primates is in biomedical research and testing, where
these animals act as models of humans, owing to similarities in our anatomy,
genetics, biochemistry, physiology, and behavior. Primates have played a crucial
role in improving our understanding of normal and abnormal body function and in
the development of treatments and therapies for disease, where they often serve as
the final test system for assessment of the safety and efficacy of potential medicines
before human clinical trials (Phillips et al. 2014; Weatheall et al. 2015; Scientific
Committee on Health, Environmental and Emerging Risks 2017). I have been
fortunate in my career to work in all three of these domains, which has helped to
inform the perspectives outlined in this chapter. My experience in the zoo, field, and
laboratory, from basic research in behavior and ecology, through conservation, to
animal welfare, illustrates the multidisciplinary nature of primatology and the
opportunities this provides for collaboration and career development.

There are many reasons for specializing in the study of primates. The order
Primates is a diverse one, including over 500 species from the tiny 30 g Berthe’s
mouse lemur (Microcebus berthae) to the huge 100–250 kg Eastern gorilla (Gorilla
beringei). Most primate species are highly social, active, and dexterous, with
extensive behavioral repertoires, making them engaging animals to watch and
study. The rich behavior, intelligence, adaptability, and complex social relationships
of these relatively large-brained mammals provide fertile ground for varied research
questions in ethology, psychology, and anthropology. To quote Allison Jolly (1985,
p. 230) “primates are animals that love and hate and think.”

As our closest relatives, the study of primates, both living and extinct, can tell us a
great deal about ourselves and our evolution from ancestral primates. This close
phylogenetic relationship, and its implications for the way in which primates expe-
rience the world, also raises important questions about whether they should be used
in research and how we should treat them in captivity. Hence, the use of primates in
invasive biomedical research and their confinement and breeding in zoos are con-
tentious issues (Bailey 2022; Gruen and Fleury 2022; Kreger and Mench 1995;
Regan 1996; Boyd Group 2002; Weatheall et al. 2015)
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More than half of the world’s apes, monkeys, lemurs, and lorises are now
threatened with extinction as agriculture and industrial activities destroy forest
habitats and the animals’ populations are hit by hunting and trade (Estrada et al.
2017). The more knowledge we have about the ecology and behavior of these
species, and of the anthropogenic challenges that they face, the better able we will
be to conserve them.

Being tropical or subtropical animals, and predominantly arboreal, the study of
primates in their natural habitats involves, for many scientists, travel to exotic
forested environments, bringing a sense of adventure. This attracts many early career
scientists to primatology. The short time I spent censusing New World monkey
populations in the Bolivian rainforest was an incredibly stimulating sensory and
zoological experience. Being in their world as opposed to vice versa profoundly
changed my understanding of the New World monkeys that hitherto I had studied
only in the zoo environment (Buchanan-Smith et al. 2000). Without this fieldwork, I
could not have gained a proper appreciation of their ecological niche and adaptations
to it, such as their superb large-scale navigational abilities in the dense, three-
dimensional forest environment, so far in excess of my own. A greater understanding
of New World monkey ecology subsequently enabled me to provide more appropri-
ate environments for these animals in captivity, designed to meet species-specific
needs and support good welfare.

Within biomedical research, primates are generally used where no other
nonhuman species is suitable (e.g., where only they are susceptible to the disease
under study), or where they possess the biological characteristics that allow investi-
gation of a scientific question (e.g., in basic neuroscience research, where the parts of
the brain under investigation, and the relevant cognitive or behavioral abilities, are
absent or less well developed in other species). However, that is not to say that
primates are necessarily always the best animal model or always predictive of
responses in humans. For example, consider the phase 1 clinical trial of the
humanized monoclonal antibody TGN1412, which induced a severe inflammatory
reaction (“cytokine storm”) and systemic organ failure in the healthy human
volunteers; effects that were not predicted by the preclinical safety testing in
cynomolgus macaques using doses around 500 times larger (Eastwood et al. 2010).

2 Primate Research Settings

Primates are used in a variety of research settings. Some readers may dislike the
word “used” in this context, but I consider it appropriate because the individual
animals involved cannot consent to the research, and generally do not voluntarily
participate in, or benefit from, it (though there are exceptions, e.g., Matsuzawa 2007;
Whitehouse et al. 2013; Hopper et al. 2016). Studies are conducted in the field with
primate populations in their natural habitats, in the laboratory under highly con-
trolled conditions and limited space, in zoos and sanctuaries characterized by often
large numbers of unfamiliar human visitors, and in semi-free ranging conditions
where habitats and social structures are replicated in a managed setting. Each setting
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has strengths and limitations from a scientific perspective, and all raise ethical and
welfare issues. Some of the ways in which these issues can be addressed are
presented later in this chapter and in more detail in other chapters in this volume
(Baker and Farmer 2022; Bayne et al. 2022; Buchanan-Smith et al. 2022).

A great deal of primate research is conducted in zoos, which have a long history
of keeping primates for exhibition (Hosey 2022; Gippoliti 2006). Zoo-based
research has contributed to improvements in primate husbandry, nutrition, health,
welfare, breeding, and conservation. It has also played a role in improving under-
standing of primate behavior and cognition. Zoos provide the opportunity to address
research questions not easily studied in the wild, permitting controlled experiments
to test hypotheses, such as in my own research on the adaptive value of mixed
species associations and color vision polymorphism in tamarins (Saguinus spp.)
(Prescott and Buchanan-Smith 1999, 2002; Prescott et al. 2005; Smith et al. 2012).
In most cases, however, zoo-based ethologists must consider the possibility that the
behavior of their research subjects may be influenced by, for example, the presence,
density, and activity of zoo visitors or the enclosure design and husbandry practices,
and take this into account during the design of their experiments and when drawing
conclusions (Hosey 2005). Both captive and field studies have their limitations and
advantages. They provide complementary insights into the function and mechanisms
of primate behavior, and ideally information gained from one should inform the
other (Hardie et al. 2003; Janson and Brosnan 2013).

Many zoo-based primate research projects are collaborations between zoo staff,
academics from local universities, and these academics’ students. Some of the most
productive collaborations have arisen from university research and public engage-
ment centers situated within zoos (Bowler et al. 2012; Waller et al. 2012). This
includes the Max Planck Institute’s Wolfgang Köhler Primate Research Center at
Leipzig Zoo (Wolfgang Köhler Primate Research Center 2017) and the Living Links
to Human Evolution Research Centre at Edinburgh Zoo, used by scientists at the
Universities of St Andrews, Stirling, Edinburgh, and Abertay (Living Links 2021).
Developments such as these reflect the research, education, and conservation
objectives of modern, professionally accredited zoos. Indeed, there is a legislative
requirement in some jurisdictions for zoos to engage in such activities (European
Commission 2015).

Modern zoos have an essential role in the conservation of endangered primates
through their involvement in captive breeding programs and the preservation of
genetic diversity. Increasingly these ex situ conservation efforts are supplemented by
crucial work in situ to protect or replenish natural habitats, monitor species in the
wild, and engage local communities (Minteer and Collins 2013). The Association of
Zoos and Aquariums (AZA) (2016) has recommended that zoos allocate at least 3%
of their budget to field conservation. Although the long-term impact of zoo-based
re-introduction projects is still to be determined, there have been some notable
successes with primate species (e.g., golden lion tamarin Leontopithecus rosolia:
Kierulff et al. 2012; Ferreira et al. 2022 Western lowland gorilla G. gorilla gorilla:
King et al. 2012, 2014). The public engagement and educational activities of zoos
can also contribute to conservation by direct fund raising and by improving
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awareness of the threats to biodiversity and how to best support conservation efforts
(Moss et al. 2015). The role of urban zoos in enabling people to get face-to-face with
animal species and in fostering personal connections with the animal kingdom
should not be underestimated. My own scientific interest in animal behavior and
welfare, and ultimately my career in the animal sciences, was forged during child-
hood visits to the local zoo, and many colleagues would say the same. It is important,
however, to acknowledge the potential negative impact of the visiting public on the
welfare of zoo animals (Hosey 2005; Farmer et al. 2022).

3 Disciplines, Species, Origins, and Numbers

Primates are used across a wide variety of scientific disciplines, including ethology,
ecology, conservation, anthropology, psychology, anatomy, neuroscience, neurol-
ogy, pharmacology, toxicology, microbiology, immunology, genetics, biochemistry,
reproduction, endocrinology, ophthalmology, dentistry, surgery, transplantation,
veterinary medicine, and animal welfare science. Carlsson et al. (2004) assessed
the global use in research of primates and primate-derived biological material by
reviewing 4411 studies reported in 2937 peer-reviewed journal articles in 2001. The
most common areas of primate research were microbiology (including HIV/AIDS
research; 26%), neuroscience (19%), and biochemistry/chemistry (12%). Most
(84%) of this research was conducted in North America, Europe, and Japan. Litera-
ture reviews have also been undertaken to survey primate use in Asia and Sweden
(Hagelin 2004, 2005). One limitation of this bibliometric approach is that industry
studies using primates are far less likely to be published than those funded by public
sources (Lexchin et al. 2003).

More recently, the Association of Primate Veterinarians (APV) surveyed its
members regarding biomedical research involving primates in the USA and
Canada. The most common uses for primates included pharmaceutical research
and development, and neuroscience, neurology, or neuromuscular disease research
(Lankau et al. 2014). This picture is broadly in accordance with that for the European
Union, where the largest fraction of primate use (73%) is for safety assessment
(toxicity testing) of potential new pharmaceuticals to meet regulatory requirements
(Scientific Committee on Health, Environmental and Emerging Risks 2017). The
National Centre for the Replacement, Reduction and Refinement of Animals in
Research (NC3Rs) reviews all primate research proposals submitted to the UK’s
major public funders of bioscience research, to help ensure that the 3Rs
(i.e., the replacement, reduction, and refinement of animal use) are implemented in
the proposed research. Neuroscience, drug development, and vaccinology are the
disciplines which receive the largest number of proposals and funding (Fig. 1).

The most commonly used species in biomedical research worldwide are the long-
tailed macaque, also known as the crab-eating or cynomolgus macaque (Macaca
fascicularis) and rhesus macaque (Macaca mulatta) (Carlsson et al. 2004; Lankau
et al. 2014). Eighty percent of the regulated procedures using primates in the
European Union in 2014 were performed on long-tailed macaques (Scientific
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Committee on Health, Environmental and Emerging Risks 2017). Neither of these
macaque species is endangered, being listed as “least concern” on the IUCN Red List
(International Union for Conservation of Nature 2021). Other macaque species,
African green or vervet monkeys (Chlorocebus aethiops), baboons (Papio spp.),
and New World monkey species, including common marmosets (Callithrix
jacchus), are also used. Most of these animals are purpose-bred for research.
Macaques used in the pharmaceutical industry are most often imported, predomi-
nantly from breeding centers in Asia, whereas academia tends to use domestic
sources (Lankau et al. 2014; Home Office 2016). Common chimpanzees (Pan
troglodytes) and other apes are these days rarely used in regulated scientific
procedures, largely due to changes in legislation (Turner 2022; European Commis-
sion 2010; Kaiser 2015). None have been used in the European Union since 1999
and invasive research with chimpanzees in the USA has been winding down since
2015, following policy change by the National Institutes of Health and Fish and
Wildlife Service. Of course, they and other types of primate continue to be used in
unregulated projects aimed at understanding their biology and behavior, improving
their health and welfare, and species preservation.

Data on the total number of primates used annually in research and testing is
incomplete. Based on their survey of the published literature, Carlsson et al. (2004)
estimated between 100,000 and 200,000 primates are used globally per year. Lankau
et al. (2014) report that, according to US Department of Agriculture records, primate
use in biomedical research in the USA increased during 2000 to 2010, peaking at
more than 71,000 primates during the 2010 fiscal year, and has since decreased
(declining from 2010 levels by 9% in 2011 and 11% in 2012). China has emerged as
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Fig. 1 Number, discipline, and outcome of research proposals involving the use of primates
submitted to the major UK public funders of bioscience research and reviewed by the NC3Rs
under its peer review service to date. (370 proposals reviewed from September 2004 to September
2016, 169 Wellcome Trust, 102 Medical Research Council, 66 Biotechnology and Biological
Sciences Research Council, 22 NC3Rs, 11 other public funders. Classification conducted by the
author based on the proposal titles and abstracts)
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a major region for primate research (Zhang et al. 2014; Cyranoski 2016), but figures
on the number of primates used in China are not available. According to the latest
available statistics for the European Union, primate use decreased from around
10,000 in 2008 to around 6000 in 2011 (Scientific Committee on Health, Environ-
mental and Emerging Risks 2017), but numbers fluctuate year-on-year. Many factors
contribute to national and regional trends in animal use, including changes in the
research priorities of major funding bodies, the development of alternatives to
animal experiments, and economic factors, such as the outsourcing of research
studies overseas. The preponderance of biopharmaceuticals in the drug development
pipeline, and their species- and target-specificity, may lead to a future increase in
industry use of primates (Buckley et al. 2011). However, considerable effort is being
put into stemming this increase by questioning the scientific rationale for primate use
on a case-by-case basis and via the use of more efficient study designs. For example,
working with the pharmaceutical industry and regulatory bodies, the NC3Rs has
identified opportunities to reduce by up to 64% the number of monkeys required per
monoclonal antibody in development (Chapman et al. 2012).

4 Welfare, Ethics, and Legislation

The experience of primates used in research, and the impact on their welfare, can be
very different because of the large diversity of disciplines, procedures, and settings
in which they are used. Differences in legislation and in awareness of the available
opportunities to refine primate use and care also contribute to variation in research
and husbandry practices and hence animal welfare. Within the European Union,
scientific procedures likely to cause pain, suffering, distress, or lasting harm equiva-
lent to, or higher than, that caused by the introduction of a needle in accordance with
good veterinary practice, are regulated under Directive 2010/63/EU (European
Commission 2010). Procedures above this threshold are classified as mild, moderate,
severe, or non-recovery. The vast majority of primates are used in mild and moderate
severity procedures (93–99%, Carlsson et al. 2004; Home Office 2016).

Under the Directive, primates may be re-used if the previous procedure was of
mild or moderate severity, the animal’s state of health and well-being has been fully
restored, and the further procedure is classified as mild, moderate, or non-recovery.
However, in many biomedical experiments, the animals are euthanized as an integral
part of the experiment (e.g., for analysis of clinical pathology, or confirmation of
recording/stimulation sites) or because humane endpoints have been reached
(Wolfensohn 2022; Lankau et al. 2014). In circumstances where euthanasia is not
required, and primates are not reused, a minority are retired to sanctuaries, where this
is judged to be in the best welfare interests of the individual animals concerned
(Prescott 2006; Kerwin 2006). However, this practice is not common, partly due to
the paucity of new homes with suitable conditions.

Toxicity tests of pharmaceuticals are among the most common studies involving
primates. Such tests are typically 1–4 weeks (acute) or 6–9 months (chronic) in
duration and involve dosing of the test substance (once or repeatedly, usually by the
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intended route of clinical administration), sampling of blood and possibly other body
fluids at regular intervals for hematology and clinical chemistry, and observations of
clinical signs in group housed animals (Walker et al. 2007) (Fig. 2). There may also
be recording of parameters such as electrocardiogram, heart rate, and blood pressure,
generally via external telemetry, and sometimes involving temporary separation
from the group (Prior et al. 2016). Contingent harms may arise from, for example,
international supply and transport (Prescott and Jennings 2004). Such protocols are
generally classified as mild or moderate depending on the dosing and sampling
regimen and the expected clinical effects of the test substance (Animal Procedures
Committee 2002; Expert Working Group on Severity Classification Criteria 2009).

In contrast, most neuroscience studies involving electrophysiological recording
of brain activity in the awake, behaving state—another common study type—
typically last several years. The basic paradigm involves surgeries under anesthesia
(with analgesia and post-operative care) to implant a post into the skull for head
fixation and one or more recording chambers for access to the brain (head implant),
daily penetration of electrodes while being restrained for 2–6 h in a specifically-

Fig. 2 Schematic representation of events in three common primate study types: (a) behavioral
study to evaluate the impact on animal welfare of a novel environmental enrichment device; (b)
14-day repeat dose toxicity study to characterize the toxicological effects of a test compound
following repeated administration (adapted from Tasker 2012); (c) long-term neuroscience study
in the awake, behaving state to understand the causal relationship between neuronal activity and
cognitive function
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designed chair, and control of food and/or fluid to motivate the animals to work
reliably and for extended periods for small food or fluid rewards in behavioral or
cognitive tasks (Prescott et al. 2010; McMillan et al. 2017) (Fig. 2). In the UK, such
long-term protocols have a prospective severity classification of severe. This reflects
the seriousness of the adverse effects or complications that can occur in a minority of
animals, and the requirement under Directive 2010/63/EU for severity classification
to take into account the lifetime experience of animals, the duration frequency and
multiplicity of harmful techniques, the potential of cumulative suffering within a
procedure, and the application of refinement techniques (European Commission
2010; Pickard et al. 2013).

Perspectives on the moral acceptability of invasive primate experiments vary
considerably within the scientific community (t’Hart et al. 2022; Gruen and Fleury
2022; Prescott 2010) and there is undoubtedly major concern about this use among
the public (European Commission 2006; von Roten 2013; Clemence and Leaman
2016). Regardless of the ethical perspective one favors, there is strong agreement
that primates and other animals matter morally, and therefore as a minimum they
should only be used where there are no alternatives, and their welfare should be
optimized (Boyd Group 2002; Scientific Committee on Health, Environmental and
Emerging Risks 2017). This position is reflected in national legislation on the
protection of animals used in science which mandates that the 3Rs be applied in
the design and conduct of primate research to minimize both animal use and
suffering, and that the human interest in obtaining some benefit for mankind (e.g.,
alleviating or preventing human suffering, furthering scientific knowledge) must be
balanced against the interests of the primates in avoiding harm (Bayne et al. 2022;
Bayne and Morris 2012; Chapman et al. 2015; Graham and Prescott 2015; Prescott
2010, 2017). This so-called harm-benefit assessment, based on utilitarian ethics, is
usually performed case-by-case for each proposed research project by the regulatory
authority and/or institutional ethics committee before deciding whether to authorize
the project and on what terms (Home Office 2015; Brønstad et al. 2016; Laber et al.
2016). However, some ethicists have questioned whether the utilitarian approach is
the most appropriate one for primate research, given the capacities of these animals
(Quigley 2007; Rossi 2009). Just because there is a scientific rationale and the
potential for medical benefit, and because harm will be minimized, this still does
not necessarily make it right to proceed. Regulatory authorities in some regions have
gone further to protect primates, establishing limits and controls on their use. For
example, Directive 2010/63/EU places an effective ban on the use of great apes in
scientific procedures (save for exceptional circumstances), prohibits the use of wild-
caught primates, and requires more frequent inspections of establishments keeping
or using primates than for other species (European Commission 2010).

Most zoo-based primate research falls below the threshold required for a license
under legislation on the protection of animals used in science and is focused on
observation of behavior (e.g., studies aimed at evaluating improvements in enclosure
design, the effects of visitors, or cognitive capabilities such as theory of mind).
However, this depends on the jurisdiction; for example, in Australia even observa-
tional research is required to be licensed. Where physiological variables are
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measured to assess health, welfare, or reproductive status, the methods used are often
non-invasive (e.g., analysis of salivary, fecal, or hair cortisol as an index of stress), or
else the research capitalizes on invasive procedures performed during routine health
checks and other recognized veterinary practices. In addition, most projects are
non-terminal and aimed at benefiting the welfare and/or survival of captive and
wild populations of the species. Nonetheless, there are instances in which research
use may conflict with the welfare interests of the animals involved and, as in the
biomedical field, zoos have established institutional ethics committees to review
such situations and decide on an appropriate course of action. Such committees are
recommended in the UK under Secretary of State’s Standards of Modern Zoo
Practice (Department for Environment, Food and Rural Affairs 2012) and typically
also consider ethical and welfare issues raised by the transport, relocation, mainte-
nance, breeding, and disposal of zoo-housed primates. For further information on
criteria for the evaluation of zoo research projects and the regulatory framework for
zoos, see Kleiman (1985) and Hosey et al. (2013).

Aside from scientific procedures, the housing, husbandry, and social conditions
provided for captive primates are key determinants of their welfare (Coleman et al.
2022; Talbot et al. 2022). There is an increased interest from regulatory, funding, and
accrediting agencies to ensure improved conditions for captive primates, and these
are helping to raise standards (NC3Rs 2006; Coleman et al. 2011; Whittaker and
Laule 2012). For example, the proportion of primates housed socially in laboratories
has increased in recent years (Chapman et al. 2015; Bennett 2016; Baker 2016). The
welfare of zoo-housed primates tends to be better than those in laboratories, but
caregivers for primates in laboratories (including breeding/supplying centers) and
zoos are dealing with many of the same animal management challenges (e.g.,
providing adequate nutrition; environmental enrichment to support physical and
psychological well-being; training for cooperation with husbandry using positive
reinforcement techniques; minimization of inbreeding) (McCann et al. 2007;
Prescott and Buchanan-Smith 2003, 2004, 2007). It is frustrating, therefore, that
there is not greater information sharing between laboratories and zoos. National and
international primatological societies could do more to encourage this, for example
by organizing cross-sector scientific seminars and/or exchange visits.

Welfare and ethics are also important in field primatology. Making trails/transects
through habitats to access, observe, and census primate populations can cause
disturbance and open habitats for hunting for bushmeat. Studies involving capture,
handling, sampling of tissues, and radio-tracking have obvious welfare implications.
Even habituation to human researchers can put the animals in danger, for example by
exposing the primates to infectious diseases, hunters, or trappers (Fedigan 2010;
Gruen et al. 2013). The overarching principle should be to minimize harm to the
animals, ecosystem, and people involved (Riley et al. 2014).
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5 Good Research Practice

For primate research to be legitimate, ethical, and high quality, it is important not
only to minimize harm to the animals involved, but also to ensure that the research is
methodologically sound and that there is effective dissemination of the findings.
This is particularly important in today’s competitive funding environment and given
increasing emphasis by funding bodies on issues such as application of the 3Rs,
scientific rigor, and achieving impact (National Institutes of Health 2016; NC3Rs
2006; Bateson et al. 2011; Research Councils UK 2015). Below I offer some broad
principles for good practice in the design, conduct, and reporting of primate research.
It goes without saying that researchers should ensure they have the necessary
licenses and permissions, and adequate funds in place, before commencing their
projects.

1. Consider the need to use primates, and search the published literature for
alternatives.
Researchers should carefully consider at the outset the need to use primates to
address their research question or questions. Clearly, there are instances where
there can be no substitute, for example, where the research aims to understand the
behavior of a particular primate species, or to learn about the ecology of a primate
population in the field. In other cases, alternative approaches may be available
(whether animal or non-animal), which can be advantageous from an ethical or
scientific perspective, or both. Hence, there should always be fair-minded
appraisal of potential alternatives to primate use (Burm et al. 2014; Scientific
Committee on Health Environmental and Emerging Risks 2017). Biomedical
researchers should be wary of the often disingenuous and misleading information
from both pro- and anti-vivisection organizations about the availability or lack of
alternatives to primates, and instead conduct a thorough search of the literature,
including mainstream biomedical (e.g., PubMed) and specialist 3Rs-specific
databases (e.g., DB-ALM, ALTWEB). This will also help to avoid unnecessary
duplication of primate studies (as opposed to circumstances where replication of
previous work is scientifically important). Project evaluators should also be
sensitive to areas where replacement opportunities have been identified and to
take these opportunities into account in their work. Where use of primates is
required, conducting a formal systematic review of the literature can improve the
value of the planned work and enable researchers to apply the 3Rs, for example
by avoiding the use of uninformative models (e.g., those that are poorly predictive
of responses in man) or supporting a reduction in animal numbers and/or
suffering by helping to inform sample size calculations and choice of outcome
measures (Petticrew and Davey Smith 2012; Irvine et al. 2015). For advice and
guidance on conducting systematic reviews and meta-analyses of preclinical
studies, researchers may wish to consult the Systematic Review Facility
(CAMARADES/NC3Rs 2017), which includes a free app to help researchers to
utilize these methodologies.
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2. Possess or gain a sound understanding of the biology and behavior of the study
species.
A sound knowledge of the biology and behavior of the study species underpins
good science, animal management, and welfare, and can facilitate data collection
and interpretation, regardless of the setting. For example, a good grasp of species-
specific behavior will enable more successful dawn-to-dusk follows in the field,
training for cooperation with scientific procedures in the laboratory, and environ-
mental enrichment in the zoo and laboratory. Published literature, online
resources, and scientific events are good sources of information (Jennings and
Prescott 2009; Prescott 2016). For refreshing knowledge about the natural history
and behavior of long-tailed and rhesus macaques, and of common marmosets, I
recommend The Macaque Website (NC3Rs 2015), and the Common Marmoset
Care site (University of Stirling/Primate Society of Great Britain/NC3Rs 2011).
Both websites contain videos, images, and sound files to help users interpret the
facial expressions, body postures, and vocalizations of these primate species.
Primate veterinary associations also have useful information online, such as drug
doses and normal physiological values for commonly used species (Association
of Primate Veterinarians 2017). For some studies, it is important not only to have
a good knowledge about the biology of the study species, but also knowledge
about genetic (or other) differences within that species so that the populations and
individuals most appropriate to the research questions will be chosen for research.

3. Optimize the welfare of the animals used.
Optimizing the welfare of primates in our care, and effective implementation of
refinement techniques, depend on the ability of staff to recognize signs of pain
and distress, as well as signs that indicate positive welfare. Advice on welfare
indicators and assessment is given in Part II of this volume. Animals free from
unnecessary pain and distress yield better quality, reproducible data (Poole 1997).
Evidence of the link between good welfare and good science is growing within
primatology (e.g., Schnell and Gerber 1997; Prescott and Buchanan-Smith 1999;
Reinhardt 2004; Graham et al. 2012). Therefore, there is a scientific as well as
ethical imperative to minimize harm and promote good welfare (Buchanan-Smith
et al. 2022; Ross et al. 2010; Graham and Prescott 2015). While most researchers
take this responsibility seriously, they may not be aware of all of the available
opportunities to refine primate use and care (e.g., Rennie and Buchanan-Smith
2006a, b, c; Jennings and Prescott 2009; NC3Rs 2010). Researchers who give
inadequate attention to the 3Rs, persist with outdated practices and/or employ
spurious arguments to defend the status quo, should be challenged by colleagues
within their institution, not least because of the reputational risk (Brown et al.
2013). A good culture of care within the research institution is key to ensuring
appropriate attitudes toward animals and the adoption of good practice (Coleman
2011).

4. Ensure all staff members are adequately trained and competent, and that there
are sufficient resources and infrastructure to enable best practice.
Appropriate training for staff working with primates is essential to ensure com-
pliance with legislation, good quality science, and implementation of the 3Rs.
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Students and early career researchers should ensure they have opportunities to
acquire the scientific and practical skills required to carry out their research to a
high standard. Scientists at all levels should undertake continuing professional
development to keep abreast of the latest developments in primate use, care, and
welfare, and follow best (not just locally accepted) practice. Publications, scien-
tific symposia, training courses, and visits to other establishments all provide
opportunities to expand knowledge and skills. Another requirement for best
practice is access to sufficient resources and infrastructure. The UK bioscience
funding bodies will consider requests in grant proposals for resources for
implementing the 3Rs, and for attending events relevant to funded research and
the 3Rs (NC3Rs/AMRC/BBSRC/Defra/EPSRC/MRC/NERC/Wellcome Trust
2008).

There is guidance available within the literature on established research
methods used in primate studies, for example, on recording animal behavior
(Martin and Bateson 2007), field methods such as census and survey techniques
for assessing population density (Setchell and Curtis 2011), and the conduct of
regulated procedures, such as dosing, sampling, anesthesia, and imaging (Wolfe-
Coote 2005). Comprehensive guidance on conducting zoo-based science is
available from the British and Irish Association of Zoos and Aquariums
(BIAZA 2013). Its Handbook of Zoo Research covers study planning through
to publication, with sections on behavior observation methods, ecological
methods, surveys and questionnaires, and analysis of zoo records.

5. Ensure robust experimental design, with appropriate sample sizes for adequate
statistical power, and the use of measures to reduce subjective bias.
Recent years have seen growing concern about the reliability and reproducibility
of in vivo research (see articles in the Nature specials archive: Challenges in
irreproducible research; Nature 2018). Poor experimental design and reporting
have been implicated as major contributing factors (Academy of Medical
Sciences/Biotechnology and Biological Sciences Research Council/Medical
Research Council/Wellcome Trust 2015; Institute for Laboratory Animal
Research 2015; Freedman et al. 2015). There is no reason to suspect that primate
research is any better in this regard than other fields of research. Researchers
using primates should ensure that they apply principles of good experimental
design, statistical analysis, and reporting in their research, in order to increase the
robustness and validity of the results, maximize the knowledge gained from the
work, and avoid any wastage of animals, effort, resources, and public funds.

The high cost of acquiring and maintaining primates for laboratory research
can lead to the use of small sample sizes in primate studies, but this is a false
economy. Experiments should be appropriately powered to detect biologically
meaningful effects. Use of efficient experimental designs (e.g., crossover designs)
can help to reduce animal numbers (Bate and Clark 2014), as can collaborating
with other research groups to utilize the same cohort of study animals. Care
should be taken to use methods to minimize bias, such as randomization in the
allocation of animals to experimental groups and blinding in the assessment of the
outcomes. Failure to do so can lead to overestimation of treatment effects, leading
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to poor decision making and problems with reproducibility later down the line
(Vesterinen et al. 2010). Statistical analysis methods should be used. Small
sample sizes are also frequently used in zoo-based studies. In such cases,
zoo-based researchers should take care to use appropriate statistical tests and to
be realistic when extrapolating the findings to the population (Plowman 2008).
The BIAZA (2013) Handbook of Zoo Research is a good source of advice in
these matters.

To guide in vivo researchers in the design of their experiments, the NC3Rs has
developed the Experimental Design Assistant (EDA) (NC3Rs 2016). The EDA
consists of a website with comprehensive guidance on experimental design and a
web application that uses computer-based reasoning to provide tailored feedback
and advice on experimental plans. The system also includes dedicated support for
randomization, blinding, and sample size calculation, helping researchers to
design robust, well-powered experiments that meet the requirements of various
funding bodies.

6. Report studies comprehensively and transparently using the ARRIVE Guidelines.
Comprehensive reporting of primate studies allows the study findings to be
properly evaluated and utilized, thus maximizing the value of the information
published and minimizing the number of unnecessary studies in the future.
Unfortunately, the reporting of primate studies is not always exemplary. The
NC3Rs and NIH Office of Laboratory Animal Welfare jointly funded a system-
atic survey of the quality of reporting, experimental design, and statistical analy-
sis in 271 randomly chosen papers describing research on live rats, mice, and
primates carried out in UK and US publicly funded research institutions. The
survey found major omissions in the reporting of study hypotheses and
objectives, the number and characteristics of the animals used, and the use of
randomization and blinding to reduce bias in animal selection and outcome
assessment (Kilkenny et al. 2009). In addition, only 70% of the publications
that used statistics described the statistical tests used and presented the results
with a measure of variability or error (e.g., standard deviation or confidence
interval). In their review of 2937 articles reporting primate research, Carlsson
et al. (2004) found that animal characteristics (e.g., sex, age, and weight), and the
conditions under which the animals were housed and used, were infrequently
described (none of these parameters were described in more than 50% of the
articles analyzed). They called for editors to require authors to provide compre-
hensive information concerning the research subjects (e.g., their origin), treat-
ment conditions, and experimental procedures in the studies they publish to
facilitate replication of studies and assessment of animal welfare.

The ARRIVE Guidelines (NC3Rs 2020) were developed by a working group
of the NC3Rs to improve the reporting of animal-based studies (Kilkenny et al.
2010; Percie du Sert et al. 2020a, b). The guidelines lay out the items that should
be included in in vivo research papers in order that their results and conclusions
can be properly evaluated and utilized by readers. They are endorsed by well over
1000 journals internationally, including major bioscience titles like Nature, Cell,
and the Public Library of Science family of journals (e.g., PLoS One), as well as

70 M. J. Prescott



specialist journals, such as International Journal of Primatology, and all major
UK research funding bodies. All researchers using primates should ensure that
they take account of the guidelines in the design and reporting of their studies,
and journal editors and peer reviewers should ensure that published studies fulfill
the ARRIVE criteria.

7. Publish all research findings, including negative results, and exploit other
mechanisms of knowledge transfer for maximum impact.
Most publicly funded research organizations have policies in place requiring
grant holders to make their peer-reviewed articles available open access, prefera-
bly immediately on publication. Although publication in a peer-reviewed journal
is a basic, vital step in the dissemination of scientific research findings, it does not
alone constitute an adequately reliable means of ensuring knowledge transfer and
impact. Researchers should therefore utilize all available routes for effective
sharing of data and technology (e.g., data repositories, social media, training
workshops, collaboration with industry or other stakeholders) to enable transla-
tion of their research for maximum benefit for animals and society. This should
include the publication of negative and null results (e.g., in journals such as PLoS
One and Journal of Negative Results in Biomedicine, or online preprint servers
such as bioRxiv), since if these are not published then other researchers may
undertake the same work that led nowhere. Publicly registering the protocol
before a study is conducted can also help to reduce publication bias by preventing
p-hacking (also known as data dredging or inflation bias), where data sets are
repeatedly searched or alternative analyses tried until a significant result is found
(Academy of Medical Sciences/Biotechnology and Biological Sciences Research
Council/Medical Research Council/Wellcome Trust 2015). Although these issues
apply to any area of science, they are of particular concern where highly sentient
animals, such as primates, have been used (Bateson et al. 2011).

6 Conclusions

Primatology is a popular, thriving, and diverse science, addressing big questions
such as what it means to be human, understanding the brain, animal consciousness,
and how to conserve biodiversity in the face of global change. There is still much to
learn about our closest relatives and continued demand for their use in biomedical
research. As scientists working with these precious animals, we have an obligation to
do the best and most humane science we can, regardless of discipline and research
setting. The NC3Rs, zoological associations, and primatological societies have a
variety of resources available to support scientists in this goal.
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The Welfare of Primates in Zoos

Kathy R. Baker and Holly L. Farmer

Abstract

One challenge facing zoos is balancing welfare needs with other primary goals,
which include conservation, education, research, and entertainment. Managing
primates in zoos involves similar welfare challenges faced by primates in other
environments, which are covered elsewhere in this volume. In this chapter we
identify and discuss welfare challenges that are unique to zoo-housed primates.
All captive primates experience the presence of familiar humans (animal care
staff), however the presence of unfamiliar humans (visitors) is common in zoo
environments. In addition to providing a resource to zoo visitors, zoo primates
also have an important conservation role that may involve intensive social
management to facilitate captive breeding. We first discuss the influence of
both familiar and unfamiliar humans on the welfare of zoo primates. We then
examine the impact of different methods of social management on primate
welfare.
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1 Introduction

Modern zoological collections have five main responsibilities: animal welfare,
conservation, education, research, and entertainment (Godinez and Fernandez
2019). When considering zoo primate welfare, it is important to be aware of these
goals because there is a need to evaluate different welfare challenges for different
species within a collection. For example, if the primary role of an individual animal
is to act as an ambassador for their wild counterparts—an educational role—then one
welfare challenge they would face would relate to the effects of exposure to large
visitor numbers. On the other hand, if the main role of a species is to maintain a
genetically diverse population for captive breeding purposes—a conservation role—
then welfare challenges may include the animals’ movement to another zoo or the
introduction of animals for breeding purposes. With careful enclosure design and
planning these goals need not clash. For example, research can occur in front of the
public and provide entertainment and conservation education opportunities as well
(Farmer et al. 2022).

Zoo design has recently moved toward larger and more naturalistic enclosures
(Coe 2003; Hosey 2022). This has brought about improvements in meeting welfare
needs as well as providing better educational experiences for visitors. The welfare
impacts of enclosure design and management practices are discussed elsewhere in
this volume (Coleman et al. 2022; Farmer et al. 2022; Kemp 2022), therefore this
chapter focuses on three welfare challenges that we believe are pertinent to
zoo-housed primates. The first relates to regular contact with familiar humans.
This challenge is not unique to zoo-housed primates (Buchanan-Smith et al.
2022), but the interactions may be different in zoo environments. The second
challenge is the presence of large numbers of visitors, which is common in zoos
(Hosey 2005). The third challenge is that of social management, which is the
manipulation of social groupings based on breeding requirements and/or housing
and husbandry constraints. While this third challenge is not unique to zoos, its end
goal, that is, maintaining self-sustaining genetically diverse (i.e., breeding)
populations, may be different to the end goal of other captive facilities, such as
laboratories and sanctuaries for which reproduction may not be a primary goal.

2 Presence of Familiar Humans

The welfare implications of human–animal interactions in zoos resemble those in
laboratories and other captive environments (Buchanan-Smith et al. 2022). When
human–animal interactions are consistent, human-animal relationships and human-
animal bonds may develop (Hosey and Melfi 2012). Positive human-animal
relationships develop when humans talk calmly and stroke/groom the animals, for
example; negative human-animal relationships develop when humans shout at and
roughly handle the animals, for example (Ward and Melfi 2015). The development
of positive human-animal relationships can occur after even only small positive
interventions. For instance, laboratory chimpanzees (Pan troglodytes) that spend
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10 min per day engaging in positive interactions with their caregivers show an
increase in play and grooming behaviors and a decrease in abnormal behaviors
(Baker 2004).

Some evidence indicates that human-animal relationships may be further
enhanced if caregivers use species-specific communication, such as gestures based
on the species’ natural mode of communication. Jensvold (2008) carried out a study
on three male chimpanzees housed at Zoo Northwest Florida (now Gulf Breeze
Zoo), in which caregivers communicated with chimpanzees using either chimpanzee
or human means. For example, when grooming chimpanzees, the human caregiver
would either lip-smack and make grooming noises or just examine the chimpanzee’s
hair without lip-smacking. The three chimpanzees differed in how they responded to
the two types of caregiver communication style. For example, two chimpanzees
spent more time grooming when caregivers used chimpanzee communication while
the other chimpanzee spent more time grooming when the caregivers used human
communication. This finding highlights the importance of considering species’
natural mode of communication and individual differences in the effect that these
interventions have on the human-animal relationship.

Human-animal bonds involve a relationship between a human and an animal that
is reciprocal and persistent and that promotes a perceived increase in well-being for
both parties (Hosey and Melfi 2012). These bonds are often reported by pet owners.
Research on zoo-housed nonhuman primates has only recently examined these
bonds. For instance, Hosey and Melfi (2012) explored the prevalence of human-
animal bonds by surveying 130 zoo professionals at industry conferences.
Irrespective of age, gender, or job role, 78 of the respondents reported that they
had formed a bond with a zoo animal. Moreover, a quarter of respondents reported
that they had formed a bond with a species of primate and, for over a half of these
respondents, the primate was one of the apes. The respondents reported that the
benefits that they themselves incurred included a sense of enjoyment and emotional
attachment while they perceived benefits to animals as being related to improved
husbandry and welfare. Other studies have found that human–animal interactions,
such as positive reinforcement training, also enhance husbandry and welfare by
making routine management situations, such as isolation (Spiezio et al. 2015) and
medication administration (Melfi and Thomas 2005), less stressful for the animals.

It is important to add the caveat that some human–animal interactions may have
adverse effects on animals. For example, two groups of chimpanzees and western
lowland gorillas (Gorilla gorilla gorilla) at Lincoln Park Zoo, USA, were observed
for 4 years as part of a continuous behavioral monitoring study. During this study, all
occurrences of interactions with caretakers were recorded (provision of food, drink,
enrichment, tactile contact, and friendly gestures). Both species showed higher
levels of agonistic behaviors and lower levels of pro-social behaviors during
observations when caretaker interactions occurred compared to sessions without
caretaker interaction (Chelluri et al. 2013). Although the authors considered all
interactions to be positive, the behaviors exhibited during the animals’ interactions
with caretakers suggest that the animals may compete for attention, and that this
leads to stress-related behaviors.
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Stockmanship may also play a part in human–animal interactions. Developed in
the domestic and agriculture industry, good stockmanship refers to the extent to
which animals are managed safely, effectively, and in a manner that is low stress for
the animal and keeper (Ward and Melfi 2015). Ward and Melfi (2015) evaluated
stockmanship of Sulawesi macaques (Macaca nigra), black rhinoceroses (Diceros
bicornis), and Chapman’s zebra (Equus quagga chapman) in a zoo context by
evaluating animal responses to different keepers that delivered different cues when
moving animals from one area of the exhibit to another. Ward and Melfi found that
these species reacted differently to the different cues and that some keepers were able
to initiate a quicker response than others. Based on these and other findings (Ward
and Melfi 2013, 2015), the authors suggest that social species, such as macaques,
respond more rapidly to general keeper cues and that solitary species, such as rhino,
are more influenced by individual human–animal interactions and are more likely to
form specific human-animal bonds due to their solitary nature.

Clearly, the human-animal relationships that develop between caregivers and
primates can vary depending on many factors. To aid our understanding in the
techniques used to evaluate the impact of these relationships, we can consult
principles from the domestic, agriculture, and laboratory industries. In the next
section, we evaluate the impact of unfamiliar humans on zoo primate welfare.

3 Presence of Unfamiliar Humans

Zoo primates are managed by a small team of familiar humans and exposed to a daily
influx of unfamiliar humans: zoo visitors (Hosey and Melfi 2014). Without attracting
and engaging visitors, zoos cannot pursue the other goals that are central to the
mission of zoos. The presence of zoo visitors, however, may conflict with the goal of
maintaining good welfare (Fernandez et al. 2009). Visitor effects can be negative,
positive, or neutral (Hosey 2005), but studies on zoo primates overwhelmingly
conclude that visitors have a negative impact on welfare (Hosey 2005). Aggression
and abnormal behaviors, such as fur plucking, are the most commonly reported
negative behaviors associated with increased visitor numbers. For example,
Mallapur et al. (2005) observed lion-tailed macaques (Macaca silenus) at eight
Indian zoos during days when visitors were present and days when visitors were
absent. They found that the macaques engaged in more abnormal behaviors on days
when visitors were present. The authors of this study highlighted that the level of
disturbance by visitors in Indian zoos is relatively high due to the lack of well-
established conservation and animal welfare awareness programs; behaviors such as
shouting, teasing, feeding, and even physically harming animals are commonplace.
If this is the case, it is reasonable to assume that, in some cases, it is the behavior,
proximity, and/or type of contact that visitors have with the animals that adversely
affect welfare and not simply the presence of visitors. Altering visitor behavior has
been shown to reduce their adverse impact. In one study, Chamove et al. (1988)
found that encouraging zoo visitors to behave submissively by crouching in front of
primate exhibits resulted in less aggressive behavior from the primates.
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It is difficult to assess which aspect of visitor interactions primates find most
stressful. Is it visual contact with humans, the noise that human visitors make, or
something else? One attempt to assess visitor-related disturbances involved
imposing one-way screens at a black capped capuchin (Cebus apella) enclosure at
Melbourne Zoo, Australia. These screens allowed visitors to view the capuchins, but
from the capuchin side, the viewing window looked like a white screen. The
experimenters watched the animals and took biological samples during the control
(no modification to viewing windows) and the reduced visual contact condition. The
reduced visual contact condition resulted in a reduction in group aggression and
abnormal behaviors. In addition, fecal steroid metabolites, a measure of stress
response (Capitanio et al. 2022), were lower in the reduced visual contact condition
than in the control condition. The screens reduced the number of visitors present at
the enclosures but not visitor behavior (e.g., banging on the viewing window) and
noise levels. As the screens were not soundproof, the auditory stimuli were the same
in each condition. The study therefore affirmed that it was visual signals such as
direct eye contact with visitors that were the fear-eliciting stimuli (Sherwen et al.
2015).

Animal–visitor interactions are potentially enriching (Claxton 2011), but there is
limited empirical evidence that visitors have a positive effect on the welfare of
zoo-housed primates (Hosey 2005). Also, where positive effects of interactions are
described, there are confounds, such as the presence of food rewards. For example, a
study of visitor–chimpanzee interactions at Chester Zoo, UK, found that the longer
chimpanzees interacted with humans, the more likely they were to receive food from
visitors (Cook and Hosey 1995). Receiving this food in addition to their normal diet
may pose a welfare issue if it results in nutritional imbalances and/or obesity.

The relationships that zoo animals have with familiar and unfamiliar humans are
likely related. Hosey (2008) proposes a model where, if interactions with familiar
and unfamiliar humans are positive, animals may learn to not fear humans, and this
could lead to a greater likelihood that the animal will be enriched by humans and
other environmental stimuli (Fig. 1). Therefore, future studies of human-animal
relationships in zoo primates should consider the relationships that primates have
with familiar and unfamiliar humans.

3.1 Assessing Human-Animal Relationships

It is difficult to draw firm conclusions about the impact of human-animal
relationships on the welfare of zoo-housed primates due to the sheer variety of
published studies. There is no standardized method for assessing the “visitor effect”
across zoological collections.

One issue comes down to enclosure design. There are many ways that primate
species are exhibited. For example, lemurs can be housed in traditional cages, island
exhibits, and walk through (free-ranging) exhibits (Farmer et al. 2022). Enclosure
design has a large influence on visitor pressure; visitors can get very close to animals
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in free-ranging exhibits but not when viewing animals in island enclosures or in
traditional cages.

When evaluating visitor effects, one problem is how to quantify visitors. For
example, researchers may count the number of visitors to an enclosure at a particular
time and use these values or, as is more common, researchers may record the number
of visitors as being “low” or “high.” How these categories are quantified vary. For
example, in their study of Diana monkey (Cercopithecus diana) behavior, Todd
et al. (2007) coded density as being “low” if there were one to five visitors and as
being “high” if there were more than five visitors. Bonnie et al.’s (2016) observations
of gorilla behavior had similar category labels but different accompanying
definitions: they considered 1–30 visitors “low” and more than 30 visitors “high.”
A different approach is to record total visitors to the zoo rather than at the species
enclosure. For example, for her study of gorillas, Wells (2005) compared behavior
on days of high visitor density, which they defined as weekends during the summer
months (mean of 1288 visitors per day), with days of low visitor density, defined as
weekdays during winter months (mean 6 visitors per day).

For most zoo research, cortisol is not used as a welfare indicator due to its cost
and the inability to conduct the relevant analyses, there is also the added issue that
cortisol could indicate excitement or arousal rather than stress. However, facilities
that have collected cortisol data have demonstrated its potential utility in studying
the visitor effect. At Chester Zoo, for example, Davis et al. (2005) collected urine
samples from four female and three male spider monkeys (Ateles geoffroyi
rufiventris) three to four times per week during opening hours and when the zoo
was closed. They found that urinary cortisol was positively associated with visitor
number, although this relationship was not strong and it was possibly nonlinear, and
from this, concluded that other factors may have influenced the relationship.

Fig. 1 A model of human–animal interactions and their consequences for human-animal
relationships in zoo animals (from Hosey 2008)
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Ultimately, the biggest issue when assessing the impact of human-animal
relationships is the fact that welfare is an individual outcome: a stimulus perceived
as stressful by one animal may be perceived as neutral or pleasant by another. As
such, factors such as personality (Robinson and Weiss 2022) may contribute to these
differences. For example, squirrel monkeys (Saimiri sciureus) housed at the Living
Links Research Centre at the Edinburgh Zoo that were rated as being more playful
and less cautious, depressed, and solitary were more likely to approach the viewing
window when visitors were present (Polgár et al. 2017).

3.2 Reducing the Impact of Visitors on Welfare

Management practices have been developed to “dilute” the visitor effect. One
practice is to reduce visual or auditory contact with visitors. A popular method
involves the use of camouflage netting to reduce visual contact. For example, six
gorillas at Belfast Zoo, Northern Ireland, UK, displayed significantly less aggression
and abnormal behavior when camouflage netting was introduced (Blaney and Wells
2004). The authors noted that the barrier also encouraged quieter, more relaxed
behavior on the part of visitors. Thus, the effect of the netting could be attributable to
reduced visual contact, noise reduction, the change in visitor behavior, or a combi-
nation of these factors.

These techniques can introduce a conflict between visitor engagement and animal
welfare. In short, although welfare may be improved by this buffering, visitor
engagement may be negatively affected. For example, when screens were used to
reduce visual contact between black capped capuchins and zoo visitors, the welfare
of the animals was improved, but zoo visitors did not stay at the enclosure for as long
as they did before the screens were introduced, potentially impacting on the oppor-
tunity to engage and/or educate visitors (Sherwen et al. 2015). However, in the study
of camouflage netting in gorilla exhibits, when questioned by researchers, the public
considered the animals to be more exciting and less aggressive when netting was
present (Blaney and Wells 2004).

3.3 Direct Human-Animal Contact

All of the above examples deal with visitors having indirect contact with primates.
However, visitor experiences, such as “keeper for a day” or “feed the animals,” are
becoming increasingly popular. These experiences offer the chance for visitors to get
much closer to the animals—there may even be a chance for direct physical
contact—and often take place at “off-show” areas that are normally only accessible
by zoo staff. There have been few studies of these programs’ impact on welfare.

Within the Wild Planet Trust (Paignton Zoo and Newquay Zoo) the authors of
this chapter have been evaluating the implications of visitor experiences. Lemur
species are a popular animal for feeding experiences due to their calm temperament.
From November 2013 to February 2014, visitor feeding experiences with crowned
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lemurs (Eulemur coronatus) at Newquay Zoo, UK were evaluated by means of
behavioral observations during and immediately following either visitor feeds or
keeper feeds (Jones et al. 2016). There were minor behavioral changes: during
visitor feeds, lemurs spent more time interacting with keepers and less time engaged
in aggressive behavior. The reduced aggression may indicate a positive effect of
visitor feeds on welfare, but it should be noted that levels of aggression in all
conditions were extremely low. The increased interaction with keepers during visitor
feeds is probably an artifact of the feed condition, that is, during visitor feeds,
keepers may have encouraged interactions for the benefit of visitors. This study
also examined changes in the animal–keeper and animal–visitor interactions as the
feeding experiences continued. Interestingly we found an increase in animal–visitor
interaction and a decrease in animal–keeper interaction as feeding experiences
progressed; however, when feeding experiences resumed after a 28-day break,
interactions with keepers and visitors returned to levels seen during the first visitor
feed experience (Fig. 2). This finding is interesting from two perspectives. First, it
shows that the lemurs found the visitors enriching. Second, it suggests that making
these events predictable, and thus allowing lemurs to habituate, enhances their well-
being.

Regardless of whether visitors have direct or indirect interactions with zoo
primates, it is important that the zoo industry continues to develop and standardize

Fig. 2 Mean (� SE) percentage of time crowned lemurs (N ¼ 4) spent interacting with keepers or
visitors during visitor feed experiences at Newquay Zoo, UK (From Jones et al. 2016)
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ways to evaluate the effects of visitors. Results of these studies, such as ours, can
then be used to design programs that engage zoo visitors in such a way as to
minimize any negative effects of these visitors.

4 Social Management

Many species housed in zoos are involved in captive breeding programs. These
animals are bred and transferred between collections to maintain stable
demographics and the genetic health of a population. The IUCN (International
Union for Conservation of Nature) endorse captive breeding as an essential compo-
nent in species conservation (IUCN 1987). Ex-situ species can be managed on both
regional and global levels and the type of management varies (Hosey 2022; Prescott
2022).

According to the IUCN Guidelines on the Use of Ex situ Management for Species
Conservation (2014), there are a number of roles for species managed through
captive breeding programs. These roles are to function as an insurance population,
temporary rescue, long-term ex situ population, demographic manipulation, source
for population restoration, source for ecological replacement, source for assisted
colonization, research, and/or training or for an education and awareness program
(see Prescott 2022). Population restoration has only been realized for a small number
of species and for primates, the main success story being the golden-lion tamarin
Leontopithecus rosalia (see Ferreira et al. 2022). For similar projects to be success-
ful, we need to maintain self-sustaining and genetically diverse captive populations.
Therefore, there are coordinated efforts in the management of many zoo-housed
primate species, which are based on genetics and demography.

In some cases, primates managed as part of captive breeding programs are housed
in unnatural social groups. For species in which individuals emigrate from their natal
group when they reach maturity, zoos may manipulate breeding opportunities or
maintain animals in nonbreeding or in small groups, which can affect primate
welfare.

Knowledge of social group composition and behavioral repertoires of wild
members of a species are thus important for promoting positive welfare in
zoo-housed primates. However, this information is limited for some species, because
of a lack of research, the elusive nature of the species, or political and social
conditions in range countries. Given the limited data on wild individuals,
comparisons between zoos can be hugely beneficial. For example, following a series
of male–male aggression incidents in a troop of spider monkeys, Chester Zoo, UK
began an investigation into the social systems of captive groups. It is known that the
social systems of wild Ateles involve a fission–fusion dynamic with groups com-
prising a variety of sex-age classes (Shimooka et al. 2010). To gather information on
and to contextualize aggressive behavior in spider monkeys within zoos, Chester
Zoo sent a survey to zoos that held the genus. The survey revealed that most
zoo-housed spider monkeys were housed in small social groups and that, of the
aggressive interactions that resulted in severe or fatal injuries, most were initiated by
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adult males. The results of the survey also led to several recommendations for ways
to allow something like a fission–fusion system to operate, including providing
larger, more complex enclosures and creating areas in which individuals can separate
themselves from the group (Davis et al. 2009).

The Bornean orangutans (Pongo pygmaeus) at Apenheul Primate Park in
Apeldoorn, Netherlands, are managed in a fission–fusion social system designed
to mimic the social system of this species in the wild where male orangutans are
semi-solitary and come together with females to breed (van Schaik et al. 2009). A
study compared stress responses of orangutans housed in Apenheul to orangutans
housed in permanent captive groups in other European zoos. The study did not find a
significant difference in fecal glucocorticoid metabolites between these groups.
However, individuals housed in Apenheul were more stressed by high visitor
numbers. These findings suggest that, although providing a more naturalistic envi-
ronment may reduce the influence of group size on social stress, there may be
unanticipated welfare costs associated with these environments (Amrein et al. 2014).

Researchers often have access to studbook data for species that are managed in
captivity. Studbook data allows researchers to assess the influence of social manage-
ment practices on breeding success. Studbook data can also enable researchers to
investigate the influence of species-specific behaviors and their effect on breeding or
welfare. For example, howler monkeys (Alouatta spp.) are characterized by their
vocalizations (Whitehead 1987, 1995), which in the wild serve many functions,
including the regulation of the use of space, allowing neighbors to avoid one another,
the demarcation of territory, opponent assessment, predator avoidance, and mate
defense (see review by Da Cunha and Byrne 2006). In the wild, groups of black and
gold howler monkey (Alouatta caraya) range to up to 19 animals and these groups
contain adult males and females (for review see Antonio 2007). Analysis of
European studbook data by Farmer et al. (2011) found that significantly more
offspring were born (and survived to one year of age) to females and males housed
in a family group than to pair-housed males and females. The same study found that
males who had high rates of vocalizations had greater reproductive success than
males who had low rates or males who did not vocalize; females housed with males
who vocalized regularly also had higher rates of reproductive success. Four of the
12 males did not perform vocalizations. Based on these results, the authors
recommended that zoos conduct playbacks of these vocalizations to encourage
successful breeding in this species.

The performance of behaviors that may be deemed undesirable by zoo visitors,
such as aggression and infanticide, are also important for maintaining social dynam-
ics in many primate species. For example, in wild Sulawesi macaques (Macaca
nigra), social aggression is a common and important behavior (Reed et al. 1997).
The multi-male social system of macaque species leads to competition for access to
receptive females. Males of similar rank engage in more aggressive interactions than
those that differ in rank (Reed and O’Brien 1997). This suggests that aggressive
behaviors should not be prevented in this species as these behaviors are used to
maintain the social hierarchy. Moreover, by permitting these behaviors, the injuries
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that occur are less likely to be severe and animals can be monitored and treated
quickly by veterinary staff.

4.1 Single-Sex Groups

In response to space limitations, zoos often need to manage the surplus of one sex or
prevent breeding. The formation of single-sex groups is a common practice used to
maintain or reduce population numbers.

The formation of single-sex groups can be difficult if such a social grouping is not
common in the wild (Hosey, et al. 2009). A few primate species are reported to form
bachelor groups in the wild (western lowland gorillas, Stoinski et al. 2001;
chimpanzees, Fritz and Howell 1997; proboscis monkeys Nasalis larvatus, Sha
et al. 2013; Murai 2004). With the increased success of captive breeding programs,
the number of surplus animals is increasing. Consequently, single-sex groups are
becoming an important management tool (Neier et al. 2013).

In zoos, western lowland gorilla bachelor groups are formed to manage the
surplus of males and to socialize young males (Leeds et al. 2015) as these groups
provide an environment where they can learn “appropriate” behaviors before being
moved to a breeding situation. Comparable data on wild bachelor groups are mainly
drawn from mountain gorillas (Gorilla beringei beringei) (Yamagiwa 1987; Stoinski
et al. 2001; Robbins 1996). Members of wild mountain gorilla bachelor groups
engage in relatively high levels of affiliative behaviors and the groups exhibit a high
degree of social cohesion (Yamagiwa 1987; Robbins 1996). All captive bachelor
gorilla groups are western gorillas, which, with respect to behavior, are distinct from
mountain gorillas (Tutin 1996 as cited in Stoinski et al. 2001). Therefore, care must
be taken in when comparing the social behaviors of the two subspecies.

Pullen (2005) compared social behaviors performed by bachelor-housed western
gorillas at Paignton Zoo to males of the same species that were part of a breeding
group at Belfast Zoo. Despite the small sample size (n ¼ 8), the study showed that
the two groups used different methods to manage social interactions and that these
differences were influenced by the presence of females. Silverback males in both
groups performed more aggressive behaviors than lower-ranking males. However,
non-escalated aggression (chest beating with no contact) was performed more
frequently by the silverback male in the breeding group. These findings suggest
that the behavior of individuals in bachelor groups may differ to males in a breeding
situation. More recently, Leeds et al. (2015) surveyed wounding in bachelor and
mixed-sex groups of western lowland gorillas in 28 North American zoos. The study
reported no differences between wounding rates in bachelor and mixed-sex groups
when no young silverback males were present, but bachelor groups that contained a
young silverback experienced higher rates than those without.

Because of difficulties in introducing unrelated young males into existing family
groups (Johnstone-Scott 1988), Species Survival Plans (Association of Zoos and
Aquariums, America) and EAZA (European Association of Zoos and Aquaria) ex
situ programs for western lowland gorillas involve the formation of bachelor groups
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(Pullen 2005). In North America, 23 zoos house at least one bachelor group (Neier
et al. 2013) and of the 74 European zoos housing the species, 19 house one bachelor
group and one houses two bachelor groups (Bemment 2016). As of 2015, half of the
22 male gorillas which had been moved from a bachelor group to a breeding
situation had sired offspring (Bemment 2016). Guidelines for the successful forma-
tion and maintenance of bachelor groups includes a diversity in rearing history and a
maximum group size of 3 or 4 animals, helping to ensure that bachelor groups may
function as a long-term solution in managing surplus males (Stoinski et al. 2004). As
it has only been commonplace to form bachelor groups over the last decade, only
now are the animals involved in the initial formation of bachelor groups starting to
mature. Therefore, the welfare of gorillas kept in permanent bachelor groups requires
ongoing monitoring.

The white-faced saki monkey (Pithecia pithecia) is managed through an EAZA
ex situ program. In response to a surplus of males, EAZA’s management strategy
involves forming bachelor groups (Webb 2017, personal communication). A study
on male interactions in this species carried out in five European zoos compared
social interactions between animals housed in breeding and bachelor groups. A
bachelor group is considered socially compatible when low levels of aggressive
interactions are observed (Fàbregas and Guillén-Salazar 2007). No significant
differences in the performance of aggressive behaviors between the two saki monkey
social groupings were reported. However, when the study separated aggression into
physical and non-physical aggression, compared to males housed in breeding
groups, males housed in bachelor groups spent more time engaged in non-physical
aggression. The study suggests that bachelor group formation in white-faced saki
monkeys is an effective management strategy as the males appear to have ways to
avoid conflict (Prins 2015, unpublished data).

Successful bachelor group formation has been reported in other captive primate
species. For instance, the formation of an all-male group of proboscis monkeys
(Nasalis larvatus) at the Singapore Zoo resulted in less contact aggression compared
to non-contact aggression, and by the sixth week of the introduction, almost all
aggression had stopped (Sha et al. 2013). In wild proboscis monkeys, peripheral
males form all male groups (Yeager 1990), thus this research suggests that the
formation of bachelor groups may be a solution to managing surplus males in this
species. Similarly, for white crowned mangabeys (Cercocebus atys lunulatus)
housed at the Valencia Zoo, Spain, although non-contact aggression (facial threats)
was performed at high rates, physical aggression was rare and mostly between
animals in the same age-sex class. In addition, all animals were groomed by at
least one other member, which suggests that the males were socially compatible
(Fàbregas and Guillén-Salazar 2007). Similar findings have been reported in lion-
tailed macaques (Macaca silenus; Stahl et al. 2001) and ruffed lemurs (Varecia spp.;
Romano and Vermeer 2003). Even with the small sample sizes of these studies (most
examined only one group), these findings suggest that bachelor groups can be an
appropriate social grouping for many primate species. However, comparisons of
multiple groups would provide stronger support for managing surplus males in this
way; continued monitoring on the impact of non-contact aggression and the lack of
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reproductive opportunity, on the psychological welfare of these animals, is also
essential.

4.2 Contraceptive Methods

Contraception is another means to manage surplus animals and to limit population
growth. There is limited research into the long-term effects of contraception on the
physiology and behavior of zoo-housed primates. Guidance on the implementation
of contraception is available to EAZA member zoos through the EAZA Reproduc-
tive Management Group. For AZA institutions, the Reproductive Management
Center has expanded to work toward improving reproductive management. Both
organizations maintain databases containing over 30,000 records for the use of
contraception for a range of species. Their aims are to provide zoos guidance on
the use of contraceptives and to collate evidence on the effectiveness and reversibil-
ity of different types of contraceptives.

A range of contraceptive methods is available. However, most of the literature on
contraception comes from laboratory studies with small sample sizes (see Wallace
et al. 2016 for review).

Castration involves removing the testes and thus prevents testosterone produc-
tion. There is limited work on the effects of castration in zoo-housed primates. In
Javan langurs (Trachypithecus auratus), castration was used to maintain surplus
males in social groups at two UK zoos (Port Lympne and Howletts Wild Animal
Parks). The langurs were housed in seven groups: three bachelor pairs and four
mixed-sex groups. All groups contained one intact male, with the remaining males
being castrated, except for one pair of intact males and one mixed-sex group where
all of the males were castrated. Bachelor pair males spent more time engaged in
affiliative behaviors compared to males in mixed-sex groups. Moreover, the pres-
ence of females did not affect male–male interactions in the mixed-sex groups; all
males showed a preference for females as social partners over males. Castrated males
were more submissive than intact males, which suggested that castration may have
influenced these males’ social status (Dröscher and Waitt 2012).

Unlike castration, vasectomy involves blocking the vas deferens. This prevents
the passage of sperm out of the penis. Vasectomy should not disrupt testosterone
production and so is preferable to castration (Asa and Porton 2010). There is no
published data concerning the impact of vasectomy on captive primate behavior.
However, anecdotal evidence has been collected from two UK zoos (Paignton Zoo
and Shaldon Wildlife Trust) on the use of vasectomy and contraceptive implants to
prevent breeding in the white-faced saki monkey population. At Paignton Zoo, the
adult male was vasectomized and no effect on behavior was reported initially
(Silcocks 2014, unpublished data). However, over the first seven months after
surgery, there was a decrease in the amount of social grooming this individual
received from group members with grooming returning to original levels one year
after the vasectomy (Thornton 2015, unpublished data). At Shaldon, the adult male
of the pair was treated with a contraceptive implant Deslorelin. Social grooming
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rates after implantation increased over the year-long study period. The author
concluded that, although both methods were effective for management and did not
cause long-lasting changes in behavior, Deslorelin implants were less effective in
preventing pregnancies (Thornton 2015, unpublished data).

The success of hormonal implants has been documented for a range of
zoo-housed primate species, including chimpanzees (Bettinger et al. 1997; Bourry
et al. 2005), western lowland gorillas (Sarfaty et al. 2012), hamadryas baboons
(Papio hamadryas; Portugal and Asa 1995), white-faced saki monkeys (Savage
et al. 2002), white-faced marmosets (Callithrix geoffroyi; Mustoe et al. 2012), and
golden-headed lion tamarins (Leontopithecus chrysomelas; De Vleeschouwer et al.
2000). The contraceptive implant Norplant did not affect the duration of estrus
cycles in female chimpanzees, but the duration of their sexual swellings and full-
swelling phases were shorter than before implantation (Bettinger et al. 1997).
Norplant was also used as a contraceptive in a troop of hamadryas baboons at
Paignton Zoo. A study of this troop found no differences in self-directed behaviors
or social interactions between implanted and non-implanted females (Plowman et al.
2005), although, later, many females removed their implants (Plowman, personal
communication).

The long-term effect of keeping primates in a nonbreeding situation can impact
their social competence and/or future breeding success, and ultimately their welfare.
Preventing animals from breeding or delaying reproduction has led to reduced
fertility in several mammalian and fish species (see Penfold et al. 2014 for a review),
but there is only limited evidence that this occurs in nonhuman primates. A survey of
zoo-raised chimpanzees that assessed the effect of rearing, age at which the animal
was removed from the mother, sex, and participation in shows, revealed that there
was no single aspect of rearing that influenced sexual competence; however,
individuals that were reared alone with no exposure to conspecifics and individuals
removed from their mother at less than 12 months were less likely to reproduce
(King and Mellen 1994). By documenting the use of preventative methods in zoos
(thought the AZA and EAZA reproductive management centers), we can monitor the
long-term impact of captive management techniques and evaluate their success.

5 Conclusions

Primates in zoos are subject to many of the welfare challenges experienced by
individuals in other captive situations, as covered elsewhere in this volume. How-
ever, zoo-housed primates face unique welfare challenges; being exposed to both
familiar and unfamiliar humans on a regular basis and intensive social management
to ensure self-sustaining captive populations. The modification of enclosures and
management practices have been shown to mitigate the effects of visitor–primate
interactions and should be considered in future enclosure designs. The welfare
implications of social and genetic management of primates require ongoing moni-
toring in order to make future decisions evidence-based and to promote positive
welfare.
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Welfare of Primates in Laboratories:
Opportunities for Refinement

Hannah M. Buchanan-Smith, Lou Tasker, Hayley Ash,
and Melanie L. Graham

Abstract

The use of primates in regulated research and testing means that they are
intentionally subjected to scientific procedures that have the potential to cause
pain, suffering, distress, or lasting harm. These harms, combined with keeping
primates in restricted laboratory conditions, are balanced against the potential
(primarily human) benefits gained from their use. In this chapter, we provide a
brief overview of the use of primates in laboratories, the estimated number, and
purpose of use, and summarize the evidence that primates are especially vulnera-
ble and deserve special protection compared to other animals. The 3Rs (replace-
ment, reduction, and refinement) framework, underpinning humane science, is
described, and we emphasize both the ethical and scientific needs for refinement.
Refinement refers to all approaches used (by humans responsible for their care) to
minimize harms and improve welfare for those primates that are still used in
research after the application of the replacement and reduction principles. There is
a growing body of evidence demonstrating an interplay between animals’ welfare
and experimental parameters, and that this interplay affects the validity and
reliability of scientific output. With this perspective, we argue that it is better to
collect no data than to collect poor (e.g., invalid, unreliable) data. It is, after all,
unacceptable for primates to suffer in vain and violates utilitarian principles
underlying animal use. Furthermore, inconsistency in experimental approach
may introduce conflicting results, increasing the likelihood of using more
animals, and delaying delivery of promising therapies to the clinic. We focus
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on mitigating the major welfare issues faced by primates housed in laboratories
through coordinated refinements across their life spans. Drawing on examples
from cynomolgus macaques (Macaca fascicularis), an Old World monkey com-
monly used during the development of medical products, we highlight the
importance of understanding the critical role humans play in the laboratory,
providing environments, performing husbandry, and undertaking procedures
that promote welfare and decrease harms. Our theoretical premise is that if
primates are to be “fit for purpose” (i.e., well suited for the designated role), we
need a proactive, concerted approach for implementing refinement that spans
their lifetime.

Keywords

3Rs · Fit for purpose · Regulated research ·Macaca fascicularis · Reliable · Valid
data

1 Introduction

. . .refinement is never enough, and we should always seek further for reduction and if
possible replacement. (Russell and Burch 1959, p. 66)

Using animals for research and testing in laboratories has, by its nature, the
potential to cause “pain, suffering, distress or lasting harm.” This is precisely how
regulated scientific procedures are defined (e.g., Home Office 1986), and as such,
scientific research is strictly controlled through legislation in many (but not all)
countries (Bayne et al. 2010). Intentionally conducting scientific procedures that
have the potential to adversely affect the welfare of animals raises its own ethical
issues, and the use of nonhuman primates (hereafter primates), as opposed to other
animals, is also a special case. In this chapter, we focus on regulated laboratory
studies (and not unlicensed behavioral or cognitive research on primates), describing
the ethical framework of the 3Rs, the importance of promoting welfare given the link
with quality of scientific output, and the major welfare issues affecting primates in
laboratories. Our main emphasis lies with how we can improve the welfare of
laboratory-housed primates through coordinated refinements across the lifespan,
recognizing the critical role humans play in devising opportunities for reducing
harms, and advancing primate welfare.

Animal welfare has been the focus of scientific study for many years yet
constructing a single definition and approach to measurement has been difficult
(reviewed in Fraser 2009). It is accepted that welfare is broad in concept, multidi-
mensional in nature (Dawkins 2004), and lies on a continuum from poor to good
(Broom 1999). In this chapter, we adopt an integrated approach to the concept and
assessment of welfare that includes both physical and psychological aspects. Defined
by Broom (1986, 2010), the welfare of an animal is its state as regard its attempts to
cope with its environment, such that failure to cope leads to profound deviations in
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biological functioning. Thus, animal welfare, as a biological state within the animal,
is relevant to scientists who use primates in biomedical research and testing to
benefit humans in some way. When primate welfare is poor, primates are not “fit
for purpose” as models of normal functioning.

2 Differences Between Laboratories and Other Captive
Settings

Factors affecting the welfare of primates housed in laboratories differ in multiple
ways from those in other captive settings (see Table 2). As described in this chapter,
laboratory animals have regulated procedures conducted upon them to characterize a
pathophysiologic process or intentionally model clinical disease that can result in
pain, suffering, or distress similar to the target patient. Factors negatively affecting
welfare of primates in zoos may be high visitor numbers (Hosey 2000, 2022), a
stressor not present in laboratories. There are some rare cases where zoo-housed
primates are released back into the wild, with concomitant stress (such as the golden
lion tamarin, Leontopithecus rosalia, Teixeira et al. 2007). Nonetheless, compared to
laboratory-housed primates, zoo-housed primates are likely to have better welfare.
They are usually housed in more natural social groupings with conspecifics of both
sexes and all (or nearly all) age classes. Their enclosures are also comparatively
larger, more complex, and include access to outdoor runs providing more choice and
control (Coleman et al. 2022). Primates kept as pets, however, have a host of
welfare-related issues related to inappropriate rearing, housing, and husbandry
(Hevesi 2022), as do those who live in sanctuaries (Brent 2007) given their life
experiences.

3 Primate Use in Laboratories

The number of primates used in laboratories worldwide is not known exactly, but
estimates over 16 years ago were in the region of one to two hundred thousand
(Carlsson et al. 2004). Primates are used as models for humans because of their
genetic, physiological, and psychological similarities, primarily in the fields of
microbiology, immunology, neuroscience, biochemistry, pharmacology, and toxi-
cology (see Hau et al. 2000; Carlsson et al. 2004; Weatherall et al. 2006; Chapman
et al. 2010).

The most commonly used species of primate used for research and testing are
rhesus macaques (Macaca mulatta) and cynomolgus macaques (M. fascicularis). A
range of other Old World monkeys are used less frequently, such as pigtail macaques
(M. nemestrina), baboons (Papio spp.), and vervet monkeys (Chlorocebus
pygerythrus). Of the New World monkeys, common marmosets (Callithrix jacchus)
are the most frequently used, but also others such as tamarins (Saguinus spp.), and
squirrel (Saimiri spp.), capuchin (Sapajus spp.), and night (Aotus spp.) monkeys.
Chimpanzees (Pan troglodytes) were the only great ape used in biomedical research,
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but European legislation (European Parliament and the Council of the European
Union 2010 and Turner 2022), and other bans or National Institutes of Health
funding limitations mean they are now no longer or rarely used (Kaiser 2013;
Graham and Prescott 2015; Grimm 2015). However, Gabon continues to conduct
biomedical research on chimpanzees (Kaiser 2013).

Primates are usually purpose-bred for use in research. The use of wild-caught
animals is generally no longer accepted (McCann et al. 2007; European Commission
2010). This is because of the stress of capture and transport, and the associated
morbidity and mortality (McCann et al. 2007), and presence of disease (Weber et al.
1999). In addition, they may be less suitable as models when their life histories are
not known (Howard 2002) as this may introduce unwanted variation and bias
experimental outcomes, resulting in studies lacking in experimental rigor and that
are consequently less robust in prediction (Howard 2002).

Purpose-bred primates maintain their evolved capacities (i.e., adaptations to
survive and reproduce in the wild), and so an understanding of natural history is
critical if we are to provide environments that may help to promote welfare. The
Jennings and Prescott (2009) report chapters in the Universities Federation for
Animal Welfare (UFAW) Handbook (2010; 9th ed. in prep), and Marini
et al. (2019) provide important information about the natural history, veterinary,
and welfare aspects of the most commonly used primates in research.

Not all animals are protected by legislation, and this varies by country (Bayne
et al. 2022). For example, in Europe all vertebrates and some invertebrates are
protected, and certain animals, such as primates, cats, dogs, and Equidae, get special
protection (European Commission 2010). It appears that this is due to public concern
for animals that humans keep as pets or close companions, and our ability to
empathize with these animals. There is, however, no robust scientific evidence that
the animals with special protection are capable of suffering more than those without
special protection (Buchanan-Smith 2010b; Hubrecht 2014).

What evidence is there to suggest that primates require special protection? Their
phylogenetic closeness to humans is exactly the reason why they are used, and this
similarity is also the basis for our apprehension concerning their use (i.e., they may
suffer like humans). The brains of primates are larger in relation to body size than
other mammals used in laboratories (Dunbar and Shultz 2007), and brain size is
associated with mental capacities and cognitive complexity. However, cognitive
complexity does not necessarily mean a greater potential to suffer pain (see Mendl
and Paul 2004). The sensation of pain may be the same for an individual which
experiences it as to one which is consciously aware and feels pain (Bekoff 2002). An
animal therefore does not need to be self-aware to experience pain. Indeed, Broom
(2010) has argued that cognitive complexity may reduce suffering as it helps
individuals cope with adverse conditions and allows for more possibilities of
pleasure. On the other hand, the most cognitively complex primates, the great
apes, may also be able to empathize with the suffering of others, and dread future
events, increasing their own ability to suffer (Smith and Boyd 2002; Mendl and Paul
2004). These arguments are not fully evaluated in relation to welfare, but suggest
that primates, and certainly great apes, are indeed a special case.
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In our view, the strongest scientific arguments that primates require special
protection are (1) the intricacy of adverse effects resulting from inappropriate rearing
(e.g., Parker and Maestripieri 2011) and (2) that their larger brains have evolved for
dealing with the complexity of their social and physical worlds. Primates are long-
lived compared with other laboratory animals (e.g., rodents), and this poses
challenges for care staff who need to provide the opportunities for good welfare
throughout their lives, including as their needs change. The provision of appropriate
rearing, together with physical and social complexities in the laboratory environ-
ment, can be very challenging given the constraints of laboratory life and the
requirements of studies. Table 2 outlines the key stages in a cynomolgus macaque
life cycle, with potential negative welfare impacts and opportunities for refinement.

There is considerable debate about whether the suffering that primates experience
in laboratory research is cumulative (see Honess and Wolfensohn 2010; Pickard
et al. 2013; Wolfensohn et al. 2015). What is clear is that some individuals are unable
to cope and are euthanized (Wolfensohn 2022). This may be due to additive stacking
up when “the residual effects of repeated procedures may add up” or it may be due to
additive potentiation when “suffering from earlier events may actually increase the
negative impact on welfare of subsequent events” (Pickard et al. 2013, p. 6). In
addition to suffering from direct scientific procedures (e.g., surgery, disease
modeling, adverse effects from a test item), the intelligence of primates means
they may suffer from boredom and fear. Therefore, the consequences of this,
inadequate rearing histories, and environments, together with the scientific
procedures conducted upon them, can lead to poor welfare (Buchanan-Smith
2010a, b) (Table 1).

4 Ethical Framework of 3Rs and Welfare

The utilitarian approach is adopted for dealing with the ethical dilemma of using
animals in research and testing, is enshrined in legislation, and underpins many local
ethical review processes (e.g., European Commission 2010; U.S. Department of
Agriculture 2013; including China and India; see Graham and Prescott 2015). This
pragmatic approach weighs the ethical importance of the individual and their
capacity to suffer against the interests of the other parties concerned (Singer 1975;
Sandøe et al. 1997). In practice, this approach is known as a harm-benefit assess-
ment. It is currently applied to primate use prospectively by mandatory ethics boards
(e.g., Institutional Animal Care and Use Committees, Animal Welfare and Ethical
Review Body) and retrospectively where the actual costs to the animal are reviewed
in light of the results of scientific study (European Commission 2010). The per-
ceived harm to the animal in terms of its likely experience of pain, distress, or lasting
harm, including intensity, duration, and frequency, is weighed against the
anticipated benefits of the research for humans (or other animals or the environment)
(Graham and Prescott 2015).

In addition to requiring assessment of the harms and benefits of the proposed
research, the legislative framework requires the 3R principle be applied to the project
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Table 1 Examples of issues that may compromise welfare of primates (and many other animals)
housed and used in laboratory research and testing, and associated refinements

Housing and husbandry
Example of welfare
compromise Refinement opportunity

Individual identification. Freeze branding, tattooing,
microchip, and temporary
methods may be painful and
impact on behavior (reviewed
in Rennie and Buchanan-
Smith 2006b)

Sensitive placement of tattoos
(never on face). Primates
should be anesthetized for
tattooing. Combined
temporary and permanent
methods to minimize
frequency of intrusive
handling, together with
positive reinforcement
training (PRT) to accept
scanning of microchips, or
accept temporary dyes
(reviewed in Rennie and
Buchanan-Smith 2006b)

Small enclosures lacking
environmental complexity.

Space is restricted in
laboratories, and few have
outdoor areas, limiting the
ability to perform species-
typical behavioral repertoires.
Primates may become bored
(Buchanan-Smith 2010a, b).

Factors that should be taken
into account when
determining enclosure size
and design include
morphometric, ecological,
locomotor, physiological,
social, reproductive, and
behavioral characteristics (see
Buchanan-Smith et al. 2004).
Increasing choice,
complexity, and opportunities
for control improve welfare
and coping ability (see
Buchanan-Smith and Badihi
2012).

Separation from family earlier
than weaning would normally
occur in the wild. Unnatural
social groups and loss of
social support.

Early weaning has a range of
physical and psychological
effects that negatively impact
welfare and quality of
scientific output, including
behavioral disturbances (e.g.,
stereotypies and self-injury),
growth, health and survival,
and immune consequences
(reviewed in Prescott et al.
2012).

Prescott et al. (2012) describe
the range of factors that
should determine weaning
age in macaques, with a focus
on behavioral, weight, and
health criteria, as well as age
(not normally less than
10–14 months specified).
Marmosets and tamarins
should remain in their natal
groups until at least 8 months,
and 12 months for those
destined to breed, to gain
experience with rearing 2 sets
of younger siblings (Council
of Europe Appendix A to
Convention ETS 123).

(continued)
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Table 1 (continued)

Housing and husbandry
Example of welfare
compromise Refinement opportunity

Regular room and cage
changes, with changes in
grouping. Noisy enclosures—
often metal, rooms may be
power-hosed.

Room and cage change
(Crockett et al. 1995, 2000),
and social regrouping
(Shively et al. 1997)
adversely impact macaques.
Regular changes in rooms/
social grouping may lead to
instability. Cage cleaning is
stressful and masks olfactory
communication (Epple 1970).

Careful advance planning
may increase stability of
groups and rooms. For
marmosets, where olfactory
communication is important,
ensure some continuity of
familiar scents (e.g., cleaning
half the cage, or keep one
branch or enrichment device
which has been scent marked)
(Prescott 2006).

Regulated scientific
procedure

Example of welfare
compromise

Refinement opportunity

Use as disease models (e.g.,
Parkinson’s disease (PD),
arthritis), which may include
genetic modification.

MPTP-treated monkeys used
as models for PD show
akinesia, rigidity, and postural
abnormalities; some display a
“climbing syndrome” or
“obstinate progression
syndrome” (reviewed in
Vitale et al. 2009).
The development of a
transgenic model of
Huntington’s disease, a
neurodegenerative disorder
characterized in humans by
motor impairment, cognitive
deterioration, and psychiatric
disturbances followed by
death within 10–15 years of
the onset of the symptoms.
The transgenic rhesus
macaque exhibits clinical
features including dystonia
and chorea (Yang et al. 2008).

Physical and social
refinements for PD primates
are comprehensively
described by Vitale et al.
(2009) at all stages, including
preparation, injections,
restraint, and at the various
stages of disease progression,
to humane end points. These
include soft enclosures for
individuals who climb and
fall, to minimize injury.
For genetically modified
animals: appropriate treatment
of conditions produced,
restriction of gene expression
to tissues of interest or to
certain time periods, and clear
criteria to remove primates
from a study, or humanely end
life to stop further suffering
(Dennis 2002).

Toxicology testing The test substance may cause
sickness and health
deterioration. Historically,
primates used in toxicology
studies have had limited
social and physical
environmental enrichment,
given concerns about
confounding or negating the
study data (e.g., unstable
groups, ingesting material)
(Bayne 2003).

A list of refinements including
social and physical
enrichment, and refinements to
capture, handling, restraint,
and administration and
sampling is provided in
Rennie and Buchanan-Smith
(2006a, b, Rennie and
Buchanan-Smith 2006).
Consideration should be given
to providing comfortable,
quiet areas to individuals
suffering the effects of
administered substances or
surgery, and this impacts on
types of environmental
enrichment appropriate.
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Regulated scientific
procedure

Example of welfare
compromise Refinement opportunity

Surgery Surgery is common, for
example, in neuroscience and
implanting internal telemetry
devices for remote recording,
but even with appropriate
anesthesia and analgesics
surgery may lead to
complications (e.g., Rennie
and Buchanan-Smith 2006b;
Pickard et al. 2013).

Improvement in headposts
includes biocompatible
titanium, which is simpler to
implant, more securely
anchored, easier to maintain,
and less obtrusive than
devices attached with
traditional acrylic (Adams
et al. 2007). Morton et al.
(2003) provide an account of
refinements for all aspects of
telemetry.

Capture, handling, and
restraint to collect data (such
as blood samples,
electrocardiogram),
administer substances, and
provide medical care, which
often has intrinsically
aversive components for
disease models.

There is extensive evidence
that capture, handling, and
restraint can be stressful
(reviewed in Rennie and
Buchanan-Smith 2006b).
Drug Metabolism and
Pharmacokinetics (DMPK)
requires sampling at fixed
intervals (e.g., waking
animals at night), and sleep
deprivation adversely alters
biological functioning
(McEwen 2006).

Human socialization and PRT
are key to minimizing stress
associated with restraint (see
Prescott and Buchanan-Smith
2007). Careful planning of
housing can minimize
disruption of nonstudy
animals and DMPK animals,
without disruption to social
groups. Methods of sampling
and refinements, including
PRT, long-term
catheterization techniques to
reduce painful catheter starts
or more invasive approaches
for blood collection/drug
delivery (e.g., portal vascular
access), and sonophoresis, are
reviewed in Rennie and
Buchanan-Smith (2006b).
Refinement for administration
of substances is reviewed in
Rennie and Buchanan-Smith
(2006b) and Morton et al.
(2001). Caron et al. (2015)
describe miniaturized blood
sampling techniques to
minimize volume required to
be taken.

Single housing in metabolism
cages, to allow collection of
samples (e.g., urine).

It is widely recognized that
single housing of primates is
detrimental to psychological
well-being (e.g., Hartner et al.
2001; McCann et al. 2007)

Primates can be trained to
produce a urine sample on
request (McKinley et al.
2003) or other mediums such
as saliva may be collected
(e.g., Lutz et al. 2000; Ash
et al. 2018) obviating the need
for single housing.

(continued)
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from its experimental design to its execution (Home Office 1986; European Com-
mission 2010). The 3Rs are replacement, reduction, and refinement. Replacement is
concerned with the absolute or relative replacement of animals for scientific use.
Reduction emphasizes the need to reduce to a minimum the number of animals
through good experimental design, the sharing of data and/or resources, or by using
modern techniques to obtain more information from the same number of animals
(thereby reducing future use of animals). Refinement has been defined as “any
approach which avoids or minimises the actual or potential pain, distress and other
adverse effects experienced at any time during the life of the animals involved, and
which enhances their well-being” (Buchanan-Smith et al. 2005, pp. 379–380). This
definition highlights the need to consider all stages of an animal’s life, from birth to

Table 1 (continued)

Regulated scientific
procedure

Example of welfare
compromise Refinement opportunity

Food and fluid restriction. Prescott et al. (2010)
describes the (understudied)
effects of food and fluid
restriction on physiological
and behavioral responses in
animals, which can
potentially compromise their
health and well-being.

Prescott et al. (2010) details
refinements to food and fluid
control as motivational tools
for macaques used in
behavioral neuroscience
research, including
alternatives and type of
reward (e.g., appetitive
rewards), level of control, and
breaks in regimen.

Stress in anticipation of event. The order in which samples
are taken are known to affect
blood cell counts and plasma
cortisol (Capitanio et al. 1996;
Flow and Jaques 1997).

Individuals should not be
restrained and dosed or
sampled in view of others.
Reliably signaling a stressful
event for individual animals
may reduce stress (see Bassett
and Buchanan-Smith 2007).

Intentional death—this is
often required as part of the
experiment, to allow
postmortem analysis, or when
primates are no longer
required and cannot be
reused.

Rennie and Buchanan-Smith
(2006b) describe issues
related to welfare leading up
to euthanasia, and humane
end points.

Extremely competent staff
and use of PRT are important
refinements in euthanasia—
administration of the
euthanizing agent must result
in rapid loss of consciousness
before death ensues (Rennie
and Buchanan-Smith 2006b).
Rehoming potential is also
discussed. The OECD (2000)
describes refinements,
including validation, use of
earlier end points, and
avoidance of using death and
moribundity as end points.
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death, including the promotion of good welfare of breeding animals not used in
research, and involves not just minimization of harms, but takes a proactive stance to
enhance welfare through to death with the use of humane end points as required
(Wolfensohn 2022). It should also be noted that, although each R is often considered
separately, they have a complex interplay (de Boo et al. 2005). For example, reuse
may reduce the number of individuals used, but increase the suffering of individual
animals. Table 2 highlights some of the main welfare issues that a macaque used in
toxicology may experience across their lifespan and describes the opportunities for
refinement.

The 3Rs provide a platform for uniting welfare together with scientific merit (e.g.,
refinement: Richter et al. 2010; Tasker 2012; Hall et al. 2015). They can also help
increase public support for animal research by highlighting that alternatives are
being sought and that animal welfare is prioritized (Leaman et al. 2014). However,
despite the widespread scientific support of the 3Rs, there are barriers to uptake of
refinements, including staff time, motivation, knowledge, skills, and resources.
Laboratories need to have ongoing programs to critically appraise practice in light
of new evidence and resources so that the most up-to-date refinements are used
(Lloyd et al. 2008). Several publications provide detailed and comprehensive
accounts of refinements for primates (e.g., Rennie and Buchanan-Smith
2006a, b; Rensnie and Buchanan-Smith 2006; Jennings and Prescott 2009). To
implement refinement successfully requires understanding what welfare is, how it
can be assessed, and having a strategy for rapid implementation of changes and their
evaluation. Underlying this process should be an acceptance that refinement is a
necessary and continuous process—it is a permanent challenge for care staff and
scientists (Tasker 2012).

While welfare in the laboratory is formally considered in terms of refinement, one
of the greatest influences on the development of animals and their resilience (i.e.,
their coping ability) as adults is their early rearing environment (Parker and
Maestripieri 2011). Hence, the welfare of primates under study may be profoundly
affected by the conditions in which they are born, reared, and kept prior to their use
in a study.

In macaques, natural weaning from the mother’s milk is usually seen at 10–-
14 months of age (Harvey et al. 1987); it is a gradual process involving withdrawal
of milk and dependence on the mother for caregiving over a period of weeks or
months (Lee 1996). Offspring remain with their mother beyond weaning for up to
24 months of age (Ross 1992). In captive breeding, infants are commonly removed
from their mothers and natal group at about 6 months of age (Honess et al. 2010).
Removal from the natal group and manipulations in the early rearing environment
are stressful and result in long-term alterations in the animals’ immune system and its
regulation (Coe et al. 1989). More specifically, weaning and removal of the mother
are known to have immunosuppressive effects (Coe et al. 1987). Toxicologists
testing new pharmaceuticals that are likely to alter immunological parameters in
macaques should be aware of the potential confounding effects of differential rearing
histories when selecting research subjects (Tasker 2012).
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Table 2 Example life cycle of a cynomolgus macaque used in toxicology in the UK, with
opportunities for refinement at all stages. PRT: positive reinforcement training

Potential negative welfare impact Opportunity for refinement

Birth and rearing environment

Prenatal stress (i.e., during gestation) can
negatively impact stress responsivity of
offspring (Clarke et al. 1994) potentially
making the primate less “fit for purpose.”

Appropriate breeding and rearing environment
(see below)

Unnatural social group and inappropriate
housing and husbandry, and/or overcrowding
leading to stress and poor welfare (e.g.,
Buchanan-Smith et al. 2004).

Natural social group in appropriate housing,
providing complexity, choice, and control,
with visual barriers, increasing resilience and
ability to cope with challenges associated with
laboratory research and testing (Buchanan-
Smith 2010a, b). Human socialization and
PRT—visual and auditory cues well
established and required in husbandry,
research, and testing.

Weaning and transport

Capture, handling, health screening,
separation, and early weaning from groups (for
adverse consequences of early weaning, see
Prescott et al. 2012). In captive breeding,
infants are often removed early from the
mother and natal group, enforcing abrupt
weaning (Honess et al. 2010).

Capture, handling, and health screening are
facilitated by previous PRT and good human
socialization (e.g., articles in Prescott and
Buchanan-Smith 2003, 2007). Decisions on
timing of separation from natal group should
be based on numerous factors including age,
but also behavioral and health considerations
(see Prescott et al. 2012). Keeping weaned
macaques with familiar compatible
conspecifics provides social buffering and
reduces stress (Gust 1996 for rhesus
macaques).

Primates imported for research may have
journeys up to 58 h with evidence of
heightened levels of stress for over one month
after arrival at the new establishment (Prescott
2001; Honess et al. 2004).

Efforts should be made to encourage social
stability, before, during, and after transport, by
housing animals in socially appropriate
groups, allowing environmental conditions
(light, heat, etc.) to vary in a natural daily
rhythm, preventing boredom with suitable
environmental enrichment and sufficient
space. The total duration of transport should be
minimized and conditions at the destination,
should as a minimum, be at least as good as
those at the source (Honess et al. 2004).

Where used, a holding facility may have
physically smaller enclosures, limiting range
of behavior, change in routines, diet, and
changes in social grouping and hierarchy

Continuation of housing and husbandry
provision from breeding facility (e.g.,
familiarity of diet). Continuation of signals for
PRT, and any prestudy training as appropriate.

Designated environment for research

Behavioral restriction, change in routines, diet,
and changes in social grouping and hierarchy.

There are a number of considerations that
should determine cage size (Buchanan-Smith
et al. 2004) with possibilities for enrichment,
exercise areas, and providing choice,
complexity, and control (Buchanan-

(continued)
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There are also potential problems with the rearing environments of common
marmosets, the most frequently used New World primate. This species is
characterized by twin births and the cooperation of all members of the family in
rearing the young until independence and natural weaning, which occurs at approxi-
mately 8 weeks of age (Yamamoto 1993; Buchanan-Smith 2010a). In captivity,
dams have higher weights than in the wild, which is associated with larger litters,
birth complications, and increased infant mortality (Ash and Buchanan-Smith 2014).
Supplemental feeding of litters of three or more, involving removal of the infant or
infants from the natal group for hand-feeding, is often practiced during the first
2 months after birth to reduce infant mortality. Depending on how this is done, it has

Table 2 (continued)

Potential negative welfare impact Opportunity for refinement

Smith 2010b). Clear temporal and signaled
predictability to learn new routines (Bassett
and Buchanan-Smith 2007), with possibilities
for accelerated acclimatization. Positive staff
interactions and socialization, using PRT
(Tasker 2012; Ash and Buchanan-Smith
2016). Playback of affiliative vocalizations at a
natural frequency improves welfare (Watson
et al. 2014 for marmosets).

Study protocol

Uncertainty, capture, restraint, sham dosing,
dosing, effects of toxicology (see Table 1).

Use of reliable signals to inform primates of
events, refined methods of capture and
restraint, facilitated by socialization and PRT,
removal of sham dosing that appears to
sensitize primates (Tasker 2012). Quiet
secluded area given to primates suffering from
adverse effects of test substance.

Re-use raises particular welfare issues arising
from inappropriate housing and husbandry,
and their use in scientific procedures may
prolong negative welfare states and impact on
model suitability (see Morton et al. 2003).

Morton et al. (2003) include the following
recommendations for re-use of primates in
telemetry studies, over and above legal
compliance:
• All the ethical and welfare issues are fully
addressed when making decisions about re-
use, in addition to the scientific issues.
• Ensure recovery and wash-out periods are
adequate.
• A system is set up where authority for re-use
depends on veritable certification of health
status that includes an assessment of
behavioral, physical, psychological, and social
well-being.
• Consider all the potential welfare costs to
each individual, including those associated
with housing and husbandry, when making a
decision about re-use or continued use.

Death or moribundity is used as the end points. See Table 1
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the potential to affect development and confound scientific output (Ash and
Buchanan-Smith 2016).

Ash and Buchanan-Smith (2016) used a battery of tests to determine the impact of
rearing environment in common marmoset infants in 3 conditions: family-reared
marmoset twin pairs, family-reared marmosets from triplet litters where only
2 remain (2 stays), and supplementary-fed triplets. The supplementary-fed triplet
infants were never isolated except for very short periods for weighing and had
positive experiences with humans from an early age. Furthermore, they are naturally
adapted to being passed between carriers (Ingram 1977). The infants were also
returned to their family group as soon as possible after feeding, and so spent most
of their time with their family group. This supplementary feeding rearing practice
had no adverse effects on behavior/cognition, neophobia, nor affective state (Ash
and Buchanan-Smith 2016). However, primate infants that are hand-raised entirely
by humans have reduced reproductive success and often experience adverse welfare
such as increased self-directed behaviors, abnormal behaviors, and inappropriate
aggressive behavior (e.g., Porton and Niebruegge 2006). Dettling et al. (2002, 2007)
found that early parental deprivation in common marmosets impacts endocrine
responses (lower basal cortisol) and several behavioral responses (e.g., they are
less mobile and make fewer contact calls than controls in response to social separa-
tion/exposure to novelty), as well as blood pressure, which is higher than in controls.
These changes make them unfit models of normal healthy humans.

Ideally, the purpose for which primates are bred and subsequently used as
research subjects should be known, so practices can be put in place to ensure the
animals are “fit for purpose.” This might, for example, involve human socialization
and positive reinforcement training for certain husbandry practices and procedures,
or exposure to a range of stimuli likely to be encountered, paired with rewards to
desensitize the primates. However, many primates are bred in special centers that are
often overseas and require transport to the laboratory (Prescott 2001) where they will
be used in research (Ha and Sussman 2022). The laboratory of end use may not have
direct control over, or the ability to monitor, social groups, weaning age, and
conditions, although some countries have legislation to cover designated breeding
centers. Ideally, research laboratories should have a coordinated approach with the
breeding centers that supply their animals to promote welfare, as well as ensure the
primates are “fit for purpose” and to minimize confounding factors that may
introduce unwanted variability in scientific output.

5 Importance of Welfare for Quality of Scientific Output

To achieve high-quality and reliable science, several essential conditions must be
satisfied. The experiment must yield unambiguous results by minimizing unwanted
variation, there must be an absence of confounding factors (Poole 1997), and the
study must be undertaken to a required standard (e.g., Organisation for Economic
Cooperation and Development (OECD) 1997). In addition to aspects of quality
pertaining to the study, quality in its fullest sense should also include the impact
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of research using animals (see Bateson et al. 2011)—that is, the application of
knowledge resulting from research findings.

Poole’s (1997) seminal paper “Happy animals make good science” argues that
good laboratory animal science is based upon normal, healthy, and happy animals,
unless illness or alleviation of stress is the subject of study. Although the effects of
stress and disease are easy to identify, and their confounding effects are well known
(e.g., Reinhardt et al. 1995; Festing and Altman 2002; Hall 2007), Poole (1997)
argues that unhappiness is also a confounding variable because its effects on
biological variables produce increased variation in the data output. He goes further,
asserting that most scientists working with animals assume that they have normal
physiology and behavior (e.g., heart rates, blood pressure, blood values, metabolism,
hormones, and immunological competence). However, these parameters can be
dramatically altered by the conditions in which the animals were bred, reared,
kept, transported, and the way in which experimental procedures were conducted.
Experimenters may assume these parameters to be normal because they commonly
encounter them and have no reference for comparison (Tasker 2012). If animals are
not well acclimatized, properly characterized, and stable, there is a major risk of
confounding and under- or overestimating the treatment effect with no predictive
validity to the clinic (Graham and Schuurman 2017). For example, restraint may lead
to maximum heart rates, preventing the detection of arrhythmias (Tasker 2012) or
significant changes in glycemic control, blunting the response to treatment (Graham
and Schuurman 2017). The link between welfare and scientific output is covered in
Schapiro and Hau (2022).

There are strong ethical, scientific, and economic arguments to suggest that “no
data are better than poor data.” If the data are not of good scientific quality and
results are therefore potentially unreliable, inaccurate, or inconclusive, then the
primates used in the research will have suffered in vain, violating utilitarian
principles underlying animal use. Poor animal welfare and quality of science may
also cause delays or lead the research down the wrong path, with more animals being
used (going against the reduction principle) and more unnecessary suffering. This
not only has ethical implications for the animals, but also wastes time and money.
Indeed, Bains (2004) estimated that it takes an average of 12.5 years and $1 billion to
take a new drug to market. Recognizing the dependence of reliability of scientific
outcomes on animal welfare, it is logical to conclude that these costs are likely to be
reduced with improved animal welfare.

6 Welfare Assessment

Given that scientific procedures directly impact negatively on welfare, it is critical
for there to be ways of accurately assessing welfare. The list of factors in Table 1
illustrates that primates in laboratories often have reduced welfare, especially in the
absence of refinement. However, assessment should include measuring positive
welfare states, such as comfort and contentment, as well as negatives ones such as
boredom, fear, pain, and/or suffering (Buchanan-Smith et al. 2005). We should focus
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not only on welfare as a snapshot of the animal in time, but view the animal, as much
as is possible, from birth to death, 24/7, across the lifespan (Brando and Buchanan-
Smith 2018). This includes day and nighttime assessments, and assessments over
weekdays and weekends. For example, Lambeth et al. (1997) found higher
wounding rates for chimpanzee during weekdays when care staff are present than
at weekends, suggesting something about the weekday routines, such as elevated
activities of caregiving, veterinary, research, and other personnel, were causing
tension. As well as this welfare may vary across seasons, particularly if there is a
mating season when male aggression rises. There are also individual requirements
across the different life stages. Younger individuals require special provisioning to
allow them to engage more in play, to explore, and to learn contingencies between
behaviors and their outcomes. It is known that having control over aspects of the
environment improves the welfare of younger individuals more than it does for older
individuals (Badihi 2006). Waitt et al. (2010) provide a list of considerations for
designing environments for aged primates that include accessibility issues, position-
ing, size, and type of furnishings, to avoid poor welfare related to age-related
arthritis, deteriorating vision, difficulties in thermoregulation, etc. Furthermore,
given individual differences in the propensity for welfare states due to personality
differences (e.g., King and Landau 2003), we must consider individuals as being
unique (Robinson and Weiss 2022).

Hawkins et al. (2011) provide an excellent review of assessment of welfare in
laboratory-housed animals. Several practical issues were raised in this review,
including how to set up and operate effective protocols for the welfare assessment.
The need to tailor welfare assessment protocols to individual animals, as well as
individual projects, is emphasized, too, in this review, together with the need to
quantify objectively measures relating to the welfare state, and to intervene early to
alleviate negative states and minimize them worsening. The problem is that even in
our closest living relatives, the primates, it can be challenging to recognize internal
states such as pain and suffering (e.g., Flecknell et al. 2011; Sneddon et al. 2014),
and although the use of analgesics following potentially painful procedures is
improving in primates, it is still not optimal (Coulter et al. 2009). Section 2 of this
book provides a comprehensive review of the methods used to assess primate
welfare.

7 The Role of Human Behavior Change in Refinement

From birth to death, the lives of primates in designated breeding and supplying
establishments are under absolute human control. When seeking welfare
improvements, a fully integrated approach is required to ensure refinements are
implemented at every stage of the life cycle (e.g., Table 1). The stakeholders include
the scientists, study directors, advising statisticians, ethical review panel staff, the
veterinarians, the animal technicians, and care staff who are all responsible for the
primates’ day-to-day needs—they all have a stake in implementing positive welfare
change.
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It is often the case that primates spend a rather small amount of time directly
engaged in scientific research. An exception is neuroscience, where the primates
(usually macaques) may be food and fluid-controlled, restrained in chairs, and tested
from 2 to 8 h at a time, 5–7 days a week depending on the requirements of the
experiment, and use continues for a number of years (Prescott et al. 2005). But for
most primates, the majority of time is spent living in enclosures. Given this, the
social and physical complexity of the enclosures, and the control and choices that the
primates can make directly impact their welfare. In all cases, the behavior of humans
is critical for promoting the welfare of primates housed in laboratories (Rennie and
Buchanan-Smith 2006a).

Human behavior change is a growing discipline. It refers to a process that
translates knowledge into actions, so that targeted change is implemented. This
process is underpinned by multidisciplinary scientific approaches and theoretical
frameworks (Michie et al. 2014); it has considerable merit in improving human
health (e.g., Ory 2002) and is gaining momentum as a practical way for advancing
animal welfare (e.g., Van Dyne and Pierce 2004; van Dijk et al. 2013; Whay and
Main 2015). However, traditional approaches to implementing refinements have not
focused on stimulating changes in human behavior.

Broadly speaking, two types of intervention are employed to improve animal
welfare. These are (1) enforcement of legislation, codes of practice, and supplemen-
tary, voluntary accreditation schemes or standards, and/or (2) encouragement, which
includes promoting innovation that exceeds minimum standards, and regularly
accessing and implementing new knowledge and scientific findings.

In the UK, the appointment of Named Animal Care and Welfare Officers and, in
Europe, the appointment of the Institutional Care and Animal Welfare Responsible
Person provide oversight and, together with mandatory staff training, ensure mini-
mum standards are met. Pharmaceutical companies and Contract Research
Organizations (CROs) are committed to improving animal welfare. They often
undergo voluntary Assessment and Accreditation of Laboratory Animal Care
accreditation to demonstrate that they meet the minimum standards required by
law and are also going the extra step to improve animal care and use. Most large
pharmaceutical companies and CROs are signatories of the Concordat on Openness
in Animal Research, an agreement across the biomedical sciences sector to improve
communication and increase transparency to the public about animal research. There
is therefore considerable enthusiasm from the industry to improve animal care and
use now and in future.

Good primate welfare is dependent upon creating a strong culture of care. To
achieve this, we must overcome barriers, including a lack of knowledge/resources/
skills, provide a robust scientific evidence base for recommendations, give owner-
ship of improvements, and the recognition, support, and reward system for those
who effectively engage with the refinements we are proposing. To tackle the lack of
knowledge and skills, we see communication, training, and dissemination of
findings as fundamental to moving the refinement agenda forward.

Given the range of standards worldwide, it is also critical that training is pitched at
the right level for dissemination, and the effectiveness of training resources may be
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enhanced if created with an understanding of models of human behavior change.
Considering that primate use is likely to continue until alternative technologies are
developed (e.g., see Burm et al. 2014), we need to disseminate evidence-based
practice and empower individuals to lead on refinement. The launches of websites,
such as marmosetcare.com and the macaque website (nc3rs.org.uk/macaques/),
together with other online resources (see Prescott 2016), are a good step toward
this goal.

The second approach, encouragement, is where we see considerable opportunities
for innovation and improvement, to promote sustainable human behavior changes
that result in positive impacts on primate welfare. The cornerstone of encouraging
behavior change is to transfer ownership of both the problem and solution to a
person responsible for implementing change (Whay and Main 2015). There are two
important components necessary for change to happen. The first is appreciating the
relevance of the desired behavior change, which must be coupled with taking
ownership of the process of change, rather than being told what to do, or even
through demonstration. Therefore, creating opportunities for colleagues to explore
issues and come up with their own solutions will be more effective than simply being
instructed without individual motivation and responsibility (Cunningham et al.
2002). Indeed, there is no one-size-fits-all approach to refinement.

All key stakeholders need to be empowered toward improving welfare, while at
the same time fully appreciating experimental aims and impact. The ultimate goal is
to synergize better welfare and better science to elevate the quality of the research.
Understanding and seeking out people who have powers of influence are important,
as change requires targeting several levels. Behavior change may be encouraged
using three broad approaches, namely social marketing (an extension of principles
used in marketing and advertising to promote change among groups), participatory
methods (such as those used in the community development sector), and the creation
of action groups (self-help or discussion groups). Useful examples of how these
approaches have been implemented and tested in the agricultural sector are discussed
byWhay and Main (2015). In practice, both combining and coordinating approaches
(e.g., Van Dyne and Pierce 2004; Pritchard et al. 2012; van Dijk et al. 2013) are
required to improve welfare. We are keen to advance the evidence base showing that
human behavior change techniques improve sustainable uptake of refinements for
primates; hence, making primates better models for research.

8 Conclusions

There are specific welfare issues for primates used in laboratory research and testing,
including painful procedures and a restricted environment. It is imperative that we
apply refinement throughout laboratory primates’ lives. Specifically, efforts must be
made to integrate all stages of a primate’s life to improve their welfare by providing
opportunities for positive experiences and conditions that enable them cope with
challenges. If primates are to be used as models of normal functioning humans, the
promotion of welfare will also help ensure that they are “fit for purpose” and will
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avoid situations where a negative welfare state confounds biological data and leads
to research with unreliable or faulty conclusions. By giving ownership of the
resources to target audiences, and providing the evidence base underpinning benefits
(welfare, scientific output, and financial), knowledge exchange within and across
facilities should continue to improve, and with it animal welfare and quality of
scientific output.
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The Welfare of Primates Kept as Pets
and Entertainers

Rachel Hevesi

Abstract

The use of primates as pets and entertainers has a long history and spans many
cultures; this perspective may confuse public understanding of primates as wild
animals. Legislation concerning primate welfare varies wherever primates are
kept in captivity. A growing concern about the psychological and physical impact
of the pet and entertainment trades on primate welfare is reflected by calls from
scientists and the public to end these practices. This chapter looks at the evidence
from a variety of stakeholders and concludes that education and legislation are
both necessary to prevent the suffering that is the inevitable outcome of primates
being kept in a domestic setting or used as “actors.”

Keywords

Primate welfare · primate pet trade · primate entertainers · animal actors

1 Introduction

Although the most controversial issues in animal welfare concern the way humans treat
captive and domestic animals, the ways those animals respond are rooted in their evolution-
ary past and in how their wild ancestors responded to threats to their fitness. Behavioral
ecologists thus have a major contribution to make to animal welfare science by connecting
this evolutionary legacy to what now matters to the animals themselves. (Dawkins 2006)
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The association between human and nonhuman primates (henceforth just
primates) goes back millennia, with evidence mostly found in art and literature for
the use of primates as pets and as entertainers (Agoramoorthy and Hsu 2005;
Goudsmit and Brandon-Jones 1999; Osterberg and Nekaris 2015; Wich and Mar-
shall 2016). In the twenty-first century, this tradition is still widespread, from
countries with primate habitat (Ferreira et al. 2022) to countries where primates
are imported or bred for the pet and/or entertainment trade. Assessing the welfare of
primates kept as entertainers or as pets can be accomplished by examining the
individual primate’s ability to express normal behavior (Lutz and Baker 2022), its
physical health, and its access to a suitable environment and nutrition, all within the
context of the species in question. The personality structure of a species and
individual differences in personality may also affect welfare outcomes (Robinson
and Weiss 2022). Personality structure, for example, appears to reflect the physical
and social environment in which species evolved (Gosling 2001; Weiss 2017) and
may impact the ability for both a species and an individual to adapt positively to
environments in which they are kept (Koene et al. 2016; Ferreira et al. 2016).

Primates kept as pets or used in entertainment are under the control and responsi-
bility of humans. It is therefore imperative for their owners or keepers to be
knowledgeable about and to understand individual primates and the characteristics
of that species. This knowledge and understanding will enable owners or keepers to
recognize normal and abnormal behaviors, the latter including rocking, pacing, and
self-injury (Lutz and Baker 2022), and so will potentially benefit the welfare of
individual primates. Increasingly, the suitability of primate species for use as pets
and entertainers is being challenged by the scientific community and the general
public (BVA 2014; IPS 2008; Schuppli and Fraser 2000; Soulsbury et al. 2009; Wild
Futures and RSPCA 2012). This fact is reflected in the growing number of national
legislatures that are limiting the trade and keeping of primates in the pet and
entertainment industries, or banning it outright (Eurogroup for Animals 2013;
Born Free US 2016). This chapter will review the welfare implications that have
informed this understanding and legislative trend.

2 Definitions

For this chapter, the terms “pet,” “companion animal,” and “privately owned
animal” are defined as animals in private ownership that are kept for leisure or
hobby, and not as part of a recognized conservation program, licensed zoo, or
scientific institution. The term “entertainers” is defined as primates used for nonedu-
cational display or exhibit, or as actors in film, television, or similar media, including
advertising. Both terms exclude primates kept in rescue centers and sanctuaries.
However, the definition of “education,” “rescue,” and “sanctuary” could be said to
be open to interpretation. Some individuals and welfare organizations question the
educational value of particular programs within zoos or of zoos in principle (Carr
and Cohen 2011; Moss and Esson 2013). Many countries, including the UK, do not
define rescue centers and sanctuaries in law. Therefore, motivation for private
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ownership and welfare standards by those that use the titles of rescue center and
sanctuary vary enormously.

3 History

The trade in primates from native range states into Europe dates to at least the
sixteenth century when it was fashionable for members of the Royal families and
nobility to keep monkeys as pets (Hosey 2022). This was a time of extensive
European exploration and colonization of Africa, Asia, and the New World.
Catherine of Aragon, the Spanish wife of King Henry VIII of England, was often
painted with one or more of her 14 pet monkeys. A portrait painted around 1525 by
Lucas Horenbout appears to show Catherine holding a capuchin (Cebus spp.). The
tradition of sailors and merchant seamen bringing back primates from their travels
continued right up to the late twentieth century when primates remained popular as
pets and in the entertainment industry, for example, in menageries, circuses, and then
as photographers’ props.

4 Domesticated or Wild

Of all 5416 extant or recently extinct mammals (Wilson and Reeder 2005), only a
handful has been domesticated (Diamond 2002). Tame or habituated animals may be
captive or wild-born but are genetically indistinct from their wild ancestors; there
may be some individual behavioral adaptation to their environment, but their
fundamental traits remain unchanged. Taming animals is necessary for domestica-
tion, but it is not domestication per se (Russell 2002). The predisposition of a species
to domestication, and the degree to which they can be domesticated, is predicated
around six criteria: social structure, food preferences, the ability to breed in captivity,
aggression, growth rate and birth spacing, and temperament under stress (Clutton-
Brock 1999; Zeder 2006).

Driscoll et al. (2009) summarized the favorable and unfavorable ecological and
behavioral pre-adaptations to domestication. Table 1 uses these criteria to compare
the suitability for domestication of species of the Cebus and Sapajus genera and of
the family Callitrichidae.

Although primates and humans have had a close association for millennia,
primates have never been domesticated. This is not surprising given that low
aggression is probably the single most important pre-adaptive factor that makes
animals candidates for domestication (Zeder 2006). High levels of aggression are
frequently reported in wild populations of some commonly kept primates, including
capuchins, callitrichids, and chimpanzees (Perry 1998; Lazaro-Perea 2001; Wilson
2007). Owners often attempt to mitigate the danger of primate aggression through
veterinary interventions, such as teeth extraction and castration. The welfare
implications of this are examined later in the chapter. It is generally accepted that
domesticated animals such as cats and dogs can and do thrive in human

The Welfare of Primates Kept as Pets and Entertainers 123



Table 1 Favorable and unfavorable ecological and behavioral pre-adaptations of Cebus, Sapajus,
and callitrichids to domestication (adapted from Driscoll et al. 2009)

Favorable

Cebus
and
Sapajus Callitrichids Unfavorable

Cebus
and
Sapajus Callitrichids

Social structure

Dominance
hierarchy

Y Y Territoriality Y Y

Large gregarious
groups

N N Family groups or
solitary

Y Y

Male social group
affiliation

Y N Males in separate
groups

Y Y

Persistent groups N Y Open membership Y N

Food preferences

Generalist
herbivorous feeder
or omnivore

Y N Dietary specialist or
carnivore

N Y

Captive breeding

Polygamous/
promiscuous mating

Y N Pair bonding prior to
mating

Y Y

Males dominant
over females

N N Females dominant or
males appease
females

Y Y

Males initiate N N Females initiate Y Y

Movement or
posture mating cues

Color or
morphological
mating cues

Precocial young N N Altricial young Y Y

Easy divestiture of
young

N N Difficult divestiture
of young

Y Y

High meat yield per
food/time

N N Low meat yield Y Y

Intra or interspecies aggressiveness

Nonaggressive N N Naturally aggressive Y Y

Tameable/readily
habituated

Y Y Difficult to tame N N

Readily controlled N N Difficult to control Y Y

Solicit attention N N Avoids attention/
independent

Y Y

Captive temperament

Low sensitivity to
environmental
change

N N High sensitivity to
environmental
change

Y Y

Limited agility N N Highly agile/difficult
to contain

Y Y

Small home range N N Large home range Y Y

Wide
environmental
tolerance

N N Narrow
environmental
tolerance

Y Y

(continued)
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environments. The concern for primates kept in such environments is simply that
they do not thrive.

5 Public Understanding of Primate Behavior

Primates have a wide repertoire of behaviors, varying between species and
individuals. Most people, unless specialists working with or studying primates in
captivity or in the field, have little to no knowledge of normal behavior in primates
compared with their understanding of domesticated species, such as dogs with which
even nonowners have probably had direct experience. There is no evidence that
primates evolved to communicate with humans. However, dogs have a history of
thousands of years of domestication and convergent evolution with humans (Hare
et al. 2002). Consistent with this, a pilot study by Hanson (2014) suggested that there
is a significant difference in humans’ ability to recognize four common emotions in
dogs and in primates. Private owners of primates are mostly nonspecialists who have
not studied the behavior of the species in the wild. Owners often do not recognize
disease or disorders, including abnormal behaviors (Hevesi 2005). They may not
realize that stereotypic bouncing, pirouetting, or clapping are signs of stress, and find
it comical rather than a cause for concern (Hevesi 2005). The entertainment industry
capitalizes on the public’s ignorance. For example, they portray chimpanzees and
capuchins that are showing a fear grimace or bared teeth displays as smiling (Aldrich
2015). The owner of the primate “actor” may rebuff claims of poor welfare by
claiming that the primate is trained to grimace on command and argue that the
individual is not experiencing fear or stress. However, it is worth asking whether the
repeated use of bared teeth displays encourages the viewer to believe that the actor’s
welfare is good and therefore enables further use of actors. “No animals were
harmed” disclaimers in a film or television program’s credits are provided by
agencies such as American Humane Association. Aldrich (2015) questions whether
these disclaimers are interpreted by the public as meaning that animals were not
harmed by being actors or by being part of the entertainment industry. However, the
disclaimer only relates to the time that the animal is on set. The viewer may be
reassured and does not question how an animal has been habituated (by premature

Table 1 (continued)

Favorable

Cebus
and
Sapajus Callitrichids Unfavorable

Cebus
and
Sapajus Callitrichids

Nonshelter seeking N N Shelter seeking Y Y

Implosive herd
reaction to threat

N N Explosive herd
reaction

Y Y

Commensal initiative

Exploits anthropic
(human)
environments

N N Avoids anthropic
(human)
environments

Y Y
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weaning, removal from social group, etc.) or how an animal is housed, transported,
and trained offset.

The portrayal of animals in the media is known to affect the public’s desire to
acquire a species or breed (Schroepfer et al. 2011; Leighty et al. 2015; Lenzi et al.
2020). A rise in the number of licensed lemurs in the UK coincided with the
popularity of the film Madagascar, featuring cartoon lemurs (Wild Futures unpub-
lished). Other famous examples are the use of capuchins in the TV series Friends and
more recently in films such as Pirates of the Caribbean, Night at the Museum, and
We Bought a Zoo. One particular capuchin “actor,” Crystal, has become famous and
is photographed being feted at parties, wearing clothes, and waving from a red
carpet. Research, including Borgi and Cirulli (2016) and Nittono et al. (2012), on
human attraction to cute and infant-like features supports the hypothesis that a
cartoon or puppet that captures the public’s imagination has the same effect as a
real animal in encouraging the desire to acquire a member of that species.

Entertainer primates, from the chimpanzees in the old tea adverts to orangutans in
Southeast Asia, often star as human companions, friends, pets, and troublemakers,
and are usually depicted as enjoying their status (Aldrich 2015; Agoramoorthy and
Hsu 2005). The fascination with primates as a grotesque but cute version of humans
is particularly prevalent on the Internet (Nekaris et al. 2013; Lenzi et al. 2020).
Comments below videos are rarely concerned for the primates, whether they are
eating junk food or displaying stereotypies. In a study that focused on a specific
YouTube video, Nekaris et al. (2013) examined public knowledge and perceptions
of conservation and welfare with respect to a video released in 2009, which featured
a slow loris (Nycticebus pygmaeus) being tickled. The behavior of the slow loris was
widely interpreted by viewers as positive; however, the interpretation by primate
experts is that the slow loris was engaging in defensive behaviors. This lack of
awareness, interest, or knowledge of primate welfare may be generalized across
species. Aldrich (2015) suggests that false beliefs based on how primates are
portrayed in human environments may help foster attitudes and behaviors detrimen-
tal to primate welfare. The portrayal of primates in a human environment, whether
on screen or in print, has been shown to have a detrimental effect on the public’s
understanding of their endangered status in the wild (Schroepfer et al. 2011; Leighty
et al. 2015). All four of these studies also conclude that portrayals of primates in a
human environment make them appear as suitable pets.

6 Legislation, Regulation, and Numbers

Legislation and regulations pertinent to the welfare of primates traded and kept as
pets or entertainers have various rationales. These include the desire to protect wild
populations, ensuring and protecting the welfare of individual animals, and
controlling animal–human health risks.

Legislation concerning the keeping of primates as pets varies throughout Europe
and the U.S. report, “Wild Pets in the European Union” by Endcap (2012) states that,
of the EU member states, ten prohibit the private keeping of primates and six have
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partial prohibition, i.e., whether it is prohibited often depends on the species or
regional or federal laws in place. In 2019, in the UK, where there is no prohibition on
privately owned primates, owners of some species are required to hold a license
under the Dangerous Wild Animals Act 1976. Monitoring numbers in the UK is
therefore hampered by the lack of a central registration scheme and high noncom-
pliance of licensing. There is no monitoring system for those species that do not
require any form of licensing. Wild Futures and the Royal Society for the Prevention
of Cruelty to Animals (RSPCA) estimated there to be about 5000 privately owned
primates in the UK (RSPCA 2016). In 2020, the Wild Futures submission to “The
welfare of primates as pets in England: call for evidence” (DEFRA 2019) estimated
that this figure may have fallen to under 4000 due to a fall in licensed primates. It is
also difficult to ascertain the population of privately owned primates in Europe or in
the USA. The Humane Society of the United States (HSUS) estimates that there are
about 15,000 primates kept as pets in the USA (Humane Society International 2019).

In 2019, the UK government introduced a bill to ban the use of wild animals in
circuses in England by 2020 (Ares 2019). This follows a similar ban in Scotland, and
similar legislation is likely to be introduced in Wales.

The U.S. Animal Welfare Act 1966 (USAW) provides protection to primates
used in research or kept by dealers and exhibitors (for review, see Bayne et al. 2022),
but it does not extend to primates kept in private homes. There is no single database
or central registration scheme for monitoring numbers or welfare of primates kept as
pets in the USA. The use of wild animals in circuses in the USA is also being
challenged. Protests by animal rights groups were partly responsible for the closure
in 2017 of Ringling Brothers and Barnum & Bailey Circus. After performing for
146 years, the circus did not survive damaging revelations about its violations of the
Animal Welfare Act (Wallenfeldt 2018). As noted later in this chapter, there is a big
demand for wild animals as pets in the Middle East. In mitigation, in 2017 ownership
of wild animals as pets became illegal in the United Arab Emirates. Most habitat
countries limit or ban the capture, trade, and keeping of wild-born primates (for
review, see Ferreira et al. 2022). This is primarily motivated by the need to conserve
these species. However, the ability of many habitat countries to enforce protective
legislation is compromised by economic and political situations. It is possible that
the knowledge that it is legal to trade in primates in nonrange countries acts as
incentive to illegal hunting and trade (Redmond 2005). The majority of legislatures
around the world use a negative list to control the trading and keeping of species. In
other words, unless specifically prohibited, any species may be kept, although some
require a license. The opposite of this approach is the positive list, which has recently
been adopted for mammals by Belgium and the Netherlands. This approach specifies
that no species may be traded or kept unless that species has been approved
(Vanautryve 2014; Eurogroup for Animals 2013).
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7 Trade

In recent times, the pet trade in primate habitat range states appears to be associated
with the bushmeat trade (United Nations 1992; Ceballos-Mago et al. 2010). Sales of
wild animals as pets are an opportunistic by-product of hunting (Stiles et al. 2013).
The welfare implications of this pet trade are not limited to individual animals taken
for sale. If females become the preferred target for hunters because of the
opportunities for selling young animals, the surviving population loses the individ-
ual female and the ability to maintain sustainable populations is reduced (Peres
2000). Medium- and large-bodied primate species are vulnerable to hunting because
they produce more meat. This is problematic for conservation as these species tend
to produce single offspring, have long interbirth intervals, prolonged infancies and
juvenile periods, and are vulnerable to habitat and social disruption (Bodmer et al.
2002; United Nations Environment Programme 2010). The loss of key members of a
group may also have detrimental effects on social cohesion, hierarchy, and vulnera-
bility to disease and predation (United Nations Environment Programme 2010; Peres
1990).

There is evidence that the illegal trade in gorillas, chimpanzees, bonobos, and
orangutans has shifted from being a by-product of deforestation, mining, and
bushmeat hunting, to a more targeted trade dominated by organized illicit dealers
who, in response to demand from an international market, trade in great apes. Due to
demand for pets or zoo animals in Asia, Europe, and the Middle East, it is likely that
as many as 22,218 wild great apes were lost to illegal trade between 2005 and 2011
(UN-Grasp 2016).

Transnational criminal networks can supply the tourist entertainment industry,
disreputable zoos, and wealthy individuals, with primates. These illegally owned
primates are used to attract tourists in the streets, entertainment facilities, parks, and
circuses. They may be dressed in human clothes, trained for use by photographers or
in boxing matches, or trained to roller skate (Stiles et al. 2013). The Apes Seizure
Database, which includes records since 2005, was launched at the 17th CITES
Conference of the Parties in 2016, in South Africa. It revealed that over 1800 great
apes were seized from 23 nations, almost half of which were nonrange states from
Asia, Europe, and the Middle East. Between 1999 and 2004, the number of orphaned
chimpanzees in Pan African Alliance Sanctuaries rose significantly (Redmond
2005). The scale of this trade has implications for conservation of endangered
species and the welfare of the animals caught in the trade. Furthermore, the situation
appears more critical when mortality is used as a marker for welfare. Research
estimates that for every wild-born primate captured and sold in the international
trade, one to fifteen primates have died, and others may have been injured but not
captured (United Nations Environment Programme 2010; Nijman 2009; Peres 1990).

The capture and sale of Barbary macaques (Macaca sylvanus) in Algeria and
Morocco are a significant threat to their conservation. Consumption as food rarely
appears to be the motivation for the capture and trade of this species (Lavieren 2008).
In 2008, the Barbary macaque was classed as Endangered on the IUCN Red List of
Threatened Species, with the international pet trade (mainly into Europe) cited as a
significant reason for their decline. The IUCN reported that sanctuaries and rescue
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centers had become overstocked with these macaques from authorities or former
owners. There are also reports of Barbary macaques being used for entertainment
purposes, in circuses, and as fighting animals. In 2016, Barbary macaques were
uplisted to CITES Appendix I (CITES 2016).

The trade in privately owned primates in nonrange states is most likely supplied
by captive breeding. Primates are commonly sold as infants, from a few days to a few
months old, frequently before weaning has occurred and almost always before social
weaning has taken place (RSPCA 2016). Advertisements by vendors often cite hand
rearing as an advantage as the juvenile primate is more acclimatized to handling and
is therefore considered to be “tame.”Most primates in the UK pet trade are believed
to be captive-bred (Wild Futures 2014a; RSPCA 2016). This may also be true in
mainland Europe, particularly for smaller species, such as the common marmoset
(Callithrix jacchus). However, the porous borders of the European Union are a
substantial problem for those who wish to control or monitor the trade of captive-
or wild-born animals. Recently, a burgeoning number of vendors have been making
sales via the Internet. This market is more accessible for private sales, and again,
particularly sales of smaller species. Surveys by the International Fund for Animal
Welfare (IFAW 2005), the RSPCA (2016), and the Blue Cross/PAAG (Blue Cross)
all report that the Internet is a popular channel for advertising the sale of primates in
the UK. In 2015, there were only three officially licensed breeders in the UK (Wild
Futures unpublished data), but forums and Internet advertisements suggest that a
large number of sales by nonlicensed breeders take place.

8 Housing

Primates evolved to survive in and engage with complex social and physical
environments. Primates therefore require space and appropriate environments to
enable natural behaviors, such as running, swinging, and jumping; resting and
sleeping; foraging and exploring; and social interactions, such as grooming or
playing. They need opportunities to escape or flee from aggressors or other threats,
or to avoid contact with others. These requirements differ as a function of species-
specific physiologies and behaviors. For example, in the wild, marmosets (Callithrix
spp.) sleep in tree cavities or vine tangles and use vertical postures and space. On the
other hand, wild Japanese macaques (Macaca fuscata) may sleep on the ground and
adopt a predominantly horizontal posture. Species that evolved in environments with
high predation rates, like patas monkeys (Erythrocebus spp.), may respond differ-
ently to threats than, for example, capuchin monkeys (Sapajus and Cebus spp.),
which evolved in environments that were relatively free of predation threats. So,
there may be intrinsic sensitivities to enclosure design, i.e., even if there is no
predation threat, high perches and opportunities to scan the environment should be
provided. Evidence suggests that the housing of primates kept as pets or entertainers
is frequently, if not usually, inappropriate in size, structure, and environment. Cages
are often very small and limited to the indoors. Cages for hamsters and parrots kept
in hallways, living rooms, garages, and sheds are often used to house these primates
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(Wild Futures 2014b; RSPCA 2016). This creates a problem for welfare as a lack of
environmental stimulation and impoverished conditions in growing primates can
result in poor brain development and impaired cognitive abilities (Sackett 1972;
Davenport et al. 1973). Experiential deprivation during development may diminish
several parameters in the primate brain (Kozorovitskiy et al. 2005).

Primate entertainers in traveling circuses or roadside attractions may be kept in
travel boxes or cages for lengthy periods of time. These cages are often permanent
enclosures. Primates can be housed in zoo-like conditions by agencies who keep
private collections for the entertainment industry. However, these animals may also
spend prolonged periods in travel boxes. For example, in 2009 two rhesus macaques
(Macaca mulatta) hired for a London stage production spent three months commut-
ing daily between Oxfordshire and London, a 257 km return journey (Wild Futures
unpublished).

9 Temperature, Humidity, Light

Other constraints of a domestic setting, particularly in a temperate climate, are
temperature and humidity. Temperature is a concern for primates living in nontropi-
cal countries, and especially if they are kept in sheds or aviaries. Fluctuating and low
temperatures can result in the loss of digits and tail tips, as well as chilblains and
other circulatory disorders. Many primates require humidity levels of up to 75% and
are prone to respiratory problems if the atmosphere is too dry. Low humidity is
associated with other problems, too. For example, in the case of common squirrel
monkeys (Saimiri sciureus), humidity appears to be a regulatory factor in ovulation
and seasonal cycles (Friedl and Holmes 1986). Given that many primate owners use
central heating in their homes, the primates who share this space will inevitably be in
a low humidity environment with potentially detrimental effects on their welfare.

Other issues include adequate light levels and cycles. Reproductive hormones,
stress, and fecundity can be negatively impacted by low light intensity (Reinhardt
1997). Metabolic activity, hormone excretion, and endocrine function are factored
by a 12-h day–night cycle, and disruption of circadian cycles can be detrimental to
primates’ health (Lewis et al. 2000). Access to sunlight to enable the production of
vitamin D3 is vital, and supplementation by medication or artificial UV light is, for
example, essential to prevent metabolic bone disease.

10 Noise

It is also important to understand primate sensitivity to the level and pitch of ambient
sounds. The high-frequency hearing limit in humans is 17.6 kHz and that of primates
can range from 28.5 kHz for chimpanzees to 65 kHz for bushbabies (galagos).
Therefore, the high-pitched sounds emitted by computers and televisions that are
in the same room as a cage may be disturbing to primates, and especially smaller
ones given that they can hear very high-pitch sounds.
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11 Inbreeding

If much of the European, UK, and North American trade depends on captive
breeding, then the welfare implications of maintaining supply to the trade warrants
investigation. It is known that the higher the genetic variation within a population,
the less risk there is of inbreeding depression (Charpentier et al. 2007; Rails and
Ballou 1982). Genetic diversity is essential to maintaining a healthy captive popula-
tion and underpins zoos’ breeding programs, such as the European Endangered
Species Programs (EEPs), as well as in situ conservation policies, such as the
Convention on Biological Diversity (United Nations 1992). So far as we are
aware, there are no coordinated breeding programs in the primate pet trade. Individ-
ual animals are bought and sold with little or no known provenance or pedigree. The
buyer may not know the full name and address of the vendor. They do not see the
welfare of the breeding stock and may not be able to follow up any concerns after
purchase. Buyers respond to advertisements, often using mobile phone numbers, and
complete the exchange at a domestic dwelling, at a motorway service station, or
some other neutral place. There is no requirement for paperwork, including proof of
genetic lineage. As primates are bought, bred, sold, and exchanged, there is a high
chance that closely related individuals will be mated to produce offspring. Thus, the
nature of the unregulated trade of primates means that it is difficult to monitor the
many adverse welfare outcomes that may come about due to inbreeding depression,
and both infant mortality and pregnancy failures from these matings will remain
hidden. Genetic disorders or diseases may also not be diagnosed as privately owned
primates are seldom presented for veterinary care and rarely for postmortem
examinations (Wild Futures and RSPCA 2012).

12 Diet and Nutrition

Diet and nutrition are vital to health and welfare. Species requirements vary from
omnivores to folivores to generalists and specialists (Fleagle 1998). Time budgets in
wild primates often differ from those of captive animals (Wolfensohn and Honess
2008). Primates in the wild often show great dietary flexibility and variability
(Chapman and Chapman 1990). Nutrition in pet and entertainer primates is fre-
quently compromised by a poor diet, which can contribute to health disorders and
diseases, such as heart disease, marmoset wasting syndrome, metabolic bone dis-
ease, raised cholesterol, and diabetes (IFAW 2005; Wild Futures 2014a). In human
children, malnourishment is linked to lower cognitive ability over a sustained period
(Liu et al. 2003). If the same is true for nonhuman primates, this may also be a
contributing factor for negative welfare. As the health of primates can be measured
by individuals’ ability to adapt to their environment (Broom 1991), the lack of
dietary choice coupled with low nutrition could be another threat to pet and enter-
tainer primate welfare.
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13 Diabetes

Type 2 diabetes mellitus is a health issue commonly found in pet primates (Jungle
Friends 2016; Kruzer 2016). In humans, type 2 diabetes is linked to a sedentary
lifestyle, obesity, and a diet high in carbohydrates and, in particular, refined sugars.
Many privately owned primates have poor diets and lack the opportunity to exercise.
The long-term effects of diabetes can lead to progressive microvascular
complications, including damage to the eyes (retinopathy) leading to blindness, the
kidneys (nephropathy) leading to renal failure, and the nerves (neuropathy) leading
to impotence and diabetic foot disorders, which include severe infections requiring
amputation. People (and primates) with diabetes are also at increased risk of
cardiovascular, peripheral vascular, and cerebrovascular disease (World Health
Organization 2019). Acute fluctuations in blood sugar levels due to poor regulation
by an underfunctioning pancreas can also impair cognitive function and cause
changes in mood, such as irritability, anxiety, and aggression (Sommerfield et al.
2004).

14 Skeletal Disease

Metabolic bone disease is also a common health issue for pet primates. It is
manifested in a wide range of disorders, including rickets (bowing of the long
bones in young animals), osteomalacia (softening of the bone and decreased bone
density due to decreased mineralization), and osteoporosis (thinning of the bone
matrix that may be related to protein deficiency or lack of use of bones due to
confinement in small cages). Symptoms can also include shortening of the jaw,
curvature of the spine, tremors, and extreme lameness. The most common cause of
metabolic bone disease is a lack of exposure to direct sunlight or ultraviolet light
(UV-B) (Ludlage and Mansfield 2003; Kumar 2018). UV radiation enables the
manufacture of vitamin D, which in turn enables the uptake and metabolism of
calcium. Metabolic bone disease is particularly problematic for primates kept in
temperate climates where UV radiation is not as high. Therefore, it is usually
necessary to supplement captive primate diets with vitamin D and sometimes to
provide artificial UV lighting. Vitamin D status may influence the risk of developing
metabolic diseases such as type 2 diabetes in humans (Khan et al. 2013). Vitamin D
deficiency is common in privately owned primates and may also contribute to the
prevalence of hyperglycemia in primates rescued from the pet and entertainment
trade.

15 Pregnancy and Weaning

There is evidence in human and animal studies to show that frequent and repeated
(multiparous) pregnancies can be detrimental to maternal health (Dhawan et al.
2004; Bigiu 2018). If breeding primate females are subjected to the physical stress
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of frequent pregnancies that are attributable to the early weaning and removal of
infants, it could be reasonable to assume that they could suffer similar health risks.

It is not unreasonable to think that nonhuman primates gain the same benefits
from species-specific milk as do human babies, and other mammals, from their
mothers. Early weaning of infant primates may affect short- and long-term health
outcomes because the infant will not receive the antibodies, immune system stimuli,
and species-specific nutrients contained in maternal milk (Admyre et al. 2019;
Hanson and Söderström 1981). Short- and long-term resistance to disease is signifi-
cantly increased in humans who are exclusively breastfed for the first four to six
months (Renfrew et al. 2012; Ho et al. 2018). Analyses of the effect of breastfeeding
versus not breastfeeding in human infants showed an association with a reduction in
the risk of acute ear infections, nonspecific gastroenteritis, severe lower respiratory
tract infections, atopic dermatitis, asthma (young children), obesity, type 1 and type
2 diabetes, childhood leukemia, sudden infant death syndrome, and necrotizing
enterocolitis (Stuebe 2009; American Academy of Pediatrics 2012). If the causal
relationship can be shown to be the same in hand-reared primates, this may explain
similar health problems in some captive primates.

These morbidity issues are far from new. Examination of the preserved bodies of
primates from ancient Egypt reveals that individuals had short lives and suffered
from the same diseases and health problems that affect pet primates in modern times,
including metabolic bone disease, malnourishment, and possibly tuberculosisMyco-
bacterium tuberculosis (Goudsmit and Brandon-Jones 1999).

16 Social Issues

The psychological impact of the repeated removal of infants from a mother may also
be detrimental to welfare (Hevesi 2005). Socially reared primates have the opportu-
nity to interact with conspecifics. The socially deprived primate does not have the
opportunity to learn how and when to control their physical strength. This can have
negative welfare outcomes. The pet primate who bites their owner may be housed
more securely and lose the human contact that comprises their only social opportu-
nity. Former pet primates often struggle to integrate into social groups because they
lack the skills and understanding gained by socially reared primates (Soulsbury et al.
2009). Welfare issues persist even when pet and entertainer primates are kept with
conspecifics in pairs or groups. Peer-raised primates present with more abnormal
behaviors than those raised in a group comprising a range of ages, gender, and social
relationships (Mason and Rushen 2008). Most primates in the wild live in groups of
5–20, or more, members. Primates have evolved to live in complex social hierarchies
with varying levels of intimacy and types of relationships across gender and age
ranges (Box 1999; Chapman and Rothman 2009). It is widely recognized that
control and choice in the social, psychological, and physical environment are
beneficial to captive primates (Bassett and Buchanan-smith 2007). The quality of
social relationships has measurable fitness consequences (Silk 2007). Primates used
in entertainment, who are usually young, are frequently removed and returned to
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their companions. This contrasts with the characteristic stability of infancy and
juvenile periods in wild primates (McGrew 1981) and thus may have a detrimental
effect on group stability (European Commission 2002).

17 ‘Undesirable’ Behaviors and Interventions

In many species, scent marking, using specialized glands or urine, is normal
(Heymann 2006; Roberts 2012), but scent marking is not often welcome in human
domestic settings. The primate may be engaging in these behaviors to mark territory
or assert affiliations and place in a perceived human hierarchy. The human response
to this behavior is often to protect one’s physical safety and property by restricting
the primate access both to people and to places. Thus, a primate whose social
affiliations are with people becomes further isolated and physically restricted.

Owners may attempt to modify or mitigate other unwanted behaviors. Methods
may include punishing the primate, castration, or removal of teeth. The removal or
cutting of teeth of pet monkeys in the USA is not uncommon (Jungle Friends
Nonhuman Primates in the Private Sector 2020; Corning 2005). In the entertainment
industry in Southeast Asia, slow lorises are routinely subjected to teeth cutting or
pulling to protect humans from their toxic saliva (Nekaris et al. 2008). Consequently,
slow lorises frequently suffer dental infections, which can become systemic and be
fatal (Sanchez 2008). The removal of teeth has potential health implications other
than injury or infection (Beerda et al. 1997; Nekaris et al. 2013). There may be a
reduced ability to chew and therefore eat and digest a full range of foods and
nutrients. This can lead to malnutrition, malabsorption, and periodontal disease,
jaw muscle reduction, and bone loss (Chauncey et al. 1984; Silberg 2016). The
effects of tooth extraction on bone health will be exacerbated by osteoporosis, a
metabolic bone disease, which, as noted earlier, is common in privately kept
primates (Ludlage and Mansfield 2003).

The American Veterinary Medical Association (AVMA) has a policy that
addresses the immediate issues of welfare: “The AVMA is opposed to removal or
reduction of healthy teeth in nonhuman primates . . . (which) . . .may also create oral
pathologic conditions.” (AVMA 2012). In this policy, the AVMA highlights their
concern that removal or modification of teeth does not address the cause of behav-
ioral issues and recommends assessment of husbandry and environment.

Castration is used to control behavior and unwanted aggression. It is often
ineffective, perhaps in part due to the complex causal influences of aggressive
behavior (Dixson 1980). Veterinarians who castrate primates may not account for
the fact that, unlike most other mammals, primate copulatory ability is emancipated
from hormonal control; this allows sexual behavior to be used in nonreproductive
contexts (Miller 1931; Wallen 1990, 2001). Castration has little effect on aggression
in many primate species (Wilson and Vessey 1968), and this appears true whether
the castration is performed before or after puberty (Dixson 1980). Castration may
create social problems for the individual, with sanctuaries reporting retarded social
development in castrated individuals (Hevesi 2005). Castration is also linked to
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chronic changes in bone density that makes individuals susceptible to osteoporosis
(Kessler et al. 2016).

A frequent solution to unwanted behavior is for the owner to sell the primate or
move it to a new home, and so many primates have had multiple owners by the time
they are received by rescue centers and sanctuaries. It can be surmised that these
situations of social isolation and transfers are forms of social privation and may
contribute to the abnormal behaviors frequently seen in these captive primates. This
pattern of bonding between owner and primate followed by, from the human
perspective, inappropriate and unwanted expressions of natural behaviors, leads to
rejection and separation. This may also contribute to ex-pet primates having a
conflicted relationship with people, demonstrating a desire for attention from people
and, at the same time, apparent frustration and aggression toward people. In the case
of great apes, the ability of a domestic dwelling to provide safe caging is more likely
to become impossible and the individual may be sold to a roadside zoo or euthanized
(Goodall 2016).

As a primate matures and becomes more aggressive, its relationships with other
domestic pets can become agonistic, and this can endanger both the primate and the
other pets. It is not uncommon for owners to report that their pet primates and other
pets become jealous of attention shown by the owner to either the primates or other
pets. Stories include cats afraid to enter the house after being attacked by a marmo-
set, or a capuchin having to be caged because of the aggressive behavior of a pet dog.
Wild Futures reports that owners often recognize that primate pets may need more
company than the owners can offer and try to resolve the situation inappropriately.
For example, one capuchin that was rescued by Wild Futures some 16 years ago still
had a heightened fear of dogs. The monkey had lived in a shed with a small aviary
for 9 years. His owners thought that, when they were absent during the day, the
monkey and their pet Staffordshire terrier could keep each other company, and so the
dog was left the run of the garden. The dog appeared to have continuously circled the
capuchin to the extent that it wore a path around the monkey’s cage.

Abnormal behaviors are reported by sanctuaries as common in ex-pet and
entertainer primates. For example, Wild Futures has recorded persistent abnormal
behavior at the time of arrival in 100% of 33 individuals of two species (capuchins
and Barbary macaques) of ex-pet monkeys (see Fig. 1). In comparison, in their
survey of North American zoos, Bollen and Novak (2000) reported abnormal
behavior in 497 individuals of 68 different species, giving an overall rate of 14%.

Psychological stress, such as that resulting from inappropriate housing, has a
detrimental effect on the human immune system (Dantzer et al. 2018; Herbert and
Cohen 1993; Segerstrom and Miller 2004). Ex-pet monkeys may similarly suffer
chronic health problems as a result of a compromised immune system (Stuyven
2009, 2010) (Fig. 2).
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18 Transfer of Disease Between Humans and Primates

The physiological and genetic similarities between humans and anthropoid primates,
and to a lesser extent simian primates, make the risk of disease transfer between
humans and primates particularly high (Wolfe et al. 1998; Corning 2005). There is a
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Teeth grinding

Self grasping
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Thumb sucking
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Anxiety
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Other repetitive self-jumping, clapping

Other repetitive object-throwing, sucking, placing
Seeks human attention/over interested in people

Fig. 1 Behavioral disorders in 33 ex-pet primates at Wild Futures Monkey Sanctuary. Percentage
of 33 ex-pet primates with specific behavioral disorder. Total percent is greater than 100% as
individuals often display more than one behavior

Fig. 2 Physical conditions or disorders in 33 ex-pet primates at Wild Futures Monkey Sanctuary.
Percentage of 33 ex-pet primates with specific physical disorder or disease. Total percent is greater
than 100% as individuals often display more than one disorder or disease
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disease risk where there is frequent physical contact between primates and humans,
such as when primates are kept as pets or as entertainers. This risk may manifest
itself as zoonoses (from primate to human) and as anthropozoonoses (from human to
primate) with the potential of retransmission in the same or a mutated, and possibly
more virulent, form (Corning 2005). Primates are more often threatened by
microorganisms indigenous to humans than vice versa (Wolfe et al. 1998). In
recognition of this risk people working with or near primates, in the field or in
captivity, are usually required to be tested for tuberculosis (Lewis 2000). Risk for pet
and entertainer primate welfare does not only come from humans, but from other
organisms that share the human environment such as fungi, viruses, protozoa,
helminths, and bacteria. Other local fauna can also lead to disease. In 2015, Wild
Futures recorded a case of a pet capuchin monkey in the UK that was infected by
tuberculosis, which was traced by the UK Government department, DEFRA, to the
local badger population. It is likely that the capuchin, who had frequent contact with
another capuchin, humans, domestic animals, and wildlife, harbored the disease for
years. The monkey appeared healthy but was a potential vector for tuberculosis to
any member of her species with whom she came into contact.

Access to veterinary care is also a recognized issue. Many owners are unwilling
or unable to access qualified veterinarians. Veterinary experience with primates is
often extremely limited or nonexistent. A survey by Hanson (2014) of 100 veterinary
practices across five counties in the UK found that 87% reported being unable to
treat a primate. Ninety-seven percent of the practices surveyed stated that they would
not be able to offer advice on primate welfare and husbandry, as their knowledge and
expertise only extended to common domesticated animals, such as pets and farm
animals. The associations representing veterinarians in the UK, Europe, and the
USA all have position statements expressing concern on keeping primates as pets or
in private ownership (AVMA 2012; BVA 2014; Federation of European Vets 2013).
Wild Futures has evidence of veterinarians misidentifying primate species and their
sex as well as failing to diagnose serious diseases or disorders (Wild Futures 2014b),
including metabolic bone disease, diabetes, and cleft lip and palate.

19 Rehabilitation Issues

Rescue centers and sanctuaries aim to improve and maintain quality of life for
individual primates. The physical and psychological issues described here create a
challenge to any such organization and the caregivers who work with the primates
(Smith 2006). They must judge whether they can offer an acceptable quality of life.
A physical disability may compromise an animal’s ability to function safely in a
social group. A chronic disease may require the primate to cooperate in accepting
medication or frequent veterinary interventions. Insulin injections, for example, will
test the relationship between caregiver and primate. A positive outcome relies on
good training techniques but also the primate’s ability to trust and adapt to the
request for cooperation (Prescott et al. 2003; Westlund 2015). Caregivers must judge
whether pain relief, for instance, to treat arthritis, is required and sufficiently
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effective. Rehabilitating and socializing hand-reared and/or socially deprived
primates presents its own problems. Social rehabilitation is a potentially dangerous
time for the individuals learning to live together. It may not be because the individual
intends harm to new companions, but because it is ignorant of the appropriate and
proportionate responses to social cues. Successful social rehabilitation depends in
part on the history of the animal (Llorente et al. 2015; Lopresti-Goodman et al.
2012). Where the potential for good welfare is limited or absent, caregivers and
veterinarians may consider euthanasia as the only appropriate option (Broom 2007;
RSPCA 2016; Wolfensohn 2022).

20 Conclusion

Primates are intelligent, long-lived, often socially complex animals. Across species,
they vary hugely in their morphology, ethology, and ecology. The difficulty of
replicating their natural diets and nutrition, and of providing the psychological and
physiological stimulation necessary to keep primates healthy, combined with the
dangers of zoonoses and disease, makes it unlikely, or even impossible, for a person
to keep a pet or entertainer primate in a welfare responsible or positive manner.
Using parameters like the “five freedoms,” there is considerable evidence that
domesticated animals, like cats or dogs, often thrive in domestic environments,
whereas there is no evidence that any primate species do so. Broom (1986) suggests
that a wide range of welfare indicators should be used to measure welfare. The
evidence suggests that whatever mitigation the owner offers the primate, poor
welfare is inevitable.

There is still a wide gap between the expert opinion and a significant minority of
the public who keep or promote the keeping of primates as pets or entertainers. The
International Primatological Society, the World Organization for Animal Health, the
American Zoological Association, the National Association of State Public Health
Veterinarians, and the Council of State and Territorial Epidemiologists have position
statements opposing private sector possession of nonhuman primates and/or their
use as “actors.”Over 360 primatologists, including Jane Goodall, Frans de Waal, Ian
Redmond, Richard Wrangham, and Christophe Boesch, have signed a statement
calling for an end to the keeping of primates as pets (Wild Futures and RSPCA
2012). Public petitions and polls also suggest that there is support for this view
(RSPCA 2016). Despite this, the popularity of viral videos described earlier suggests
that education is insufficient or inadequate. A large number of viewers will see a
chimpanzee depicted as swaying and waving his arms as comical and not as
distressing. It was once acceptable for people to pay to see the residents of the
Bethlehem Hospital (Bedlam) as entertainment. This chapter started with a quote
linking evolutionary legacy and welfare. We can end in a similar vein with McGrew
(1981) who said “Primates in captivity that are socially or intellectually deprived are
not realizing their evolutionary potential. Their behavior is abnormal in proportion to
the degree to which such deprivation exists.” Evidence of poor welfare outcomes has
convinced many legislators that keeping primates as pets or as entertainers is
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unacceptable. For the individual primates caught in these industries, the trend to
make this view the norm cannot come soon enough.
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Primates Under Human Care in Developing
Countries: Examples From Latin America
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Abstract

While primate populations in wild areas are facing intensive decline due to habitat
loss and removal for illegal trade, the number of individuals kept in ex situ
settings is sharply increasing. With limited facilities and relocation programs,
rescue centers in Latin American countries are frequently overcrowded and rarely
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meet basic welfare conditions. In this chapter we provide an outlook of primate-
human co-existence in Latin America and give an overview of the number of
primates and how they are kept in zoos and rescue centers in Brazil, Mexico, and
Uruguay. Impact on wild populations, recurrent diseases, and management
strategies are presented as examples of the difficulties of caring for primates ex
situ in developing countries. Legal protection and rules for trade in all Latin
American countries are reviewed and suggestions for improvement are discussed.
This chapter concludes with a call for more rehabilitation and releases of fauna in
well-designed landscape restoration programs.

Keywords

Platyrrhine captive care · Latin America rescue centers · New World primates ex
situ · Primate legal protection · Animal welfare legislation · Animal welfare Latin
America

1 Introduction

Habitat loss, hunting, capture for the illegal trade, and conflicts with human
populations are known and unsolved threats to wild nonhuman primate (primates,
hereafter) populations (Chapman and Peres 2001; Estrada et al. 2017). At the same
time, the number of primates kept in captivity under human care is growing. Here we
offer a report on the status of primates, and in particular NewWorld monkeys housed
in captivity throughout Central and South America. Authors of this chapter represent
three Latin American countries (Brazil, Mexico, and Uruguay) and offer
perspectives from their work at universities, zoological societies, and both govern-
mental and non-governmental organizations. The chapter concludes with a general
discussion and possibilities for destinations of rescued primates.

2 History

There are presently around 165 primate species in the 26 Latin American and
Caribbean countries. The proximity of primates and humans in Latin America
dates back to about 10,000 years, with prehistoric paintings at Serra da Capivara
(Caatinga biome-NE-Brazil) depicting capuchin monkeys alongside humans (Martin
1996). People in advanced Pre-Columbian cultures (e.g., Mayan, Aztec, Zapotecan,
Teotihuacan cultures) venerated monkeys as evidenced by depictions of monkeys on
household artifacts, religious calendars, funeral urns, decorative elements, reliefs,
paintings, and engravings (González-Picazo et al. 2001). Among the Maya,
monkeys were the patrons of dancers, musicians, and artists. Similarly, monkeys
were associated with the god of pulque, an alcoholic beverage, and drunkenness for
Mixtec people. For the Aztecs, monkeys were related to the god of games and were
symbols of the joke and improvisation. The representation of monkeys in the
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mythology of Pre-Columbian cultures was also associated with food, such as cocoa
(Fig. 1).

Historically, collections of animals were a form of entertainment for the aristoc-
racy in Latin America (Hosey 2022; Babb Stanley 2002). For example, the House of
Beasts of the emperor Moctezuma II Xocoyotzin held a variety of captive animals
(Blanco et al. 2009). Later, throughout the colonial period and the period of
independence, private reserves were created for the amusement of rulers (Babb
Stanley 2002). Monkeys continue to enjoy a ubiquitous presence in contemporary
Latin American cultures. One prominent example can be found in the self-portraits
of the Mexican painter and poet Frida Kahlo (1907–1954), which feature the spider
monkeys (Ateles geoffroyi) that she kept as pets (Fig. 2).

Monkeys are still widely kept as pets and hunted for food in Latin America.
Ceballos-Mago et al. (2010) described how wedge-capped capuchin monkeys
(Cebus olivaceus) can be illegally purchased for approximately US$298.00. The
importation of this species via the illegal trade in the Margarita Islands constitutes a
major threat via hybridization to the 300 exemplars of the subspecies Cebus apella
margaritae. Indigenous people living in the Amazon region continue to hunt
monkeys or keep them as pets (Ribeiro 1995; International Union for Conservation

Fig. 1 Lid of pot. Image of
monkey with a rope hanging
cocoa pod. Museum Tonina,
Chiapas. 600-900
A.C. (courtesy of Miller and
Martin 2004)

Fig. 2 Composition of Frida Kahlo self-portraits. 1938, 1940, 1942 and 1943, respectively.
Courtesy of http://www.fridakahlofans.com
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of Nature [IUCN] 2000). Amazon species such as howler monkeys (Alouatta spp.),
spider monkeys (Ateles spp.), brown woolly monkeys (Lagothrix lagotricha), saki
monkeys (Chiropotes spp.), and brown capuchin monkeys (Sapajus apella) are still
hunted as a source of meat for local and indigenous populations (Nascimento 2009).
A consequence of this close association between humans and primates is the sharing
of pathogens. For example, malaria is currently present in 38 New World monkey
species; however, Cormier (2010) argues that all three Plasmodium forms found in
New World monkeys originated in post-Columbian periods due to the increase in
human-primate contact. The recurrent yellow fever outbreaks throughout Latin
America are evidence of this largely unstudied Anthropocene disease dynamic that
threatens both New World monkeys and humans (Bicca-Marques et al. 2017).

3 Captive Nonhuman Primates in Numbers

Central and South America are the world’s largest exporters of wild-born primates
being responsible for 75.5% of all legal primate trade; Africa, in comparison, is
responsible for 23.6% of these exports (Harrington 2015). Over half a million New
World monkeys were exported from South America (notably Peru and Colombia) to
the USA between 1964 and 1980 (Mack and Mittermeier 1984). A recent analysis
indicates that 90,000 monkeys were legally exported from South American countries
to 23 other countries between 1977 and 2013 (de Souza Fialho et al. 2016).
According to the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) database, 2392 squirrel monkeys (Saimiri spp.),
1626 marmosets (Callithrix spp.), 898 capuchin monkeys (Cebus spp.), and
192 guenons (Cercophithecus spp.) were legally traded for personal and commercial
purposes between 2006 and 2012. With the exception of marmosets, 94–99% of
these primates came from wild populations (Harrington 2015). The trade of captive-
born primates represents only 5% (about 5000 individuals in 26 years) of the legal
primate trade (de Souza Fialho et al. 2016). This means that the legal trade is
responsible for an annual take of thousands of New World monkeys from the wild.

The export of New World monkeys is believed to have begun in the 1940s, with
the establishment of the first commercial flight between Quito, Ecuador; Peru, and
Miami, USA. Scientific (especially biomedical) research has been the major driver
for this trade. Approximately 30,000 Amazonian primates are exported annually for
biomedical research (RENCTAS 2000; Torres et al. 2010). Although most of the
exportation of New World monkeys is to developed countries, trade among Latin
American countries also happens. For instance, over 4000 night monkeys (Aotus
spp.) are traded per year from Brazil and Peru into Colombia to supply biomedical
research (Maldonado et al. 2009; Nijman et al. 2011). Nearly all countries doubled
the use of NewWorld monkeys on biomedical research over the last decades (Torres
et al. 2010). The family Cebidae, which includes the genera Cebus, Sapajus, and
Saimiri, represents over 50% of the New World monkeys used in scientific research
over the last 40 years worldwide. However, there is no published estimate of the total
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number of primates held in research centers in Latin American countries to date. In
the USA, 71,000 primates were used in research in 2010 (Miller-Spiegel 2011).

Capture for the illegal pet trade has been a continuing pressure on wild primate
populations (Mack and Mittermeier 1984; RENCTAS 2000; Shanee 2012). In
Brazil, 179 monkeys were confiscated from the illegal pet trade or from
householders in two years (RENCTAS 2000). In a survey of the illegal trade in
Northeastern Peru, Shanee (2012) found 279 primates of 12 species kept by humans
mainly as pets or for the tourism trade (e.g., tourist photographs with monkeys). In
Brazil, the primates most commonly confiscated from the illegal trade are Callithrix
spp. (48%) and Cebus/Sapajus spp. (37%), whereas in Peru the most commonly
confiscated primates are Saimiri spp. (32%) and Cebus spp. (25%) (RENCTAS
2000; Shanee 2012). Trayford and Farmer (2013) estimated that across North,
Central, and South America there are only 1776 primates kept in captivity in
48 sanctuaries. These numbers are probably not representative of the actual number
illegally traded every year because only a small proportion of these primates are
confiscated by governmental authorities.

We collected data on the number of primates, the species, and the conditions in
which primates are kept in captivity in Brazil, Mexico, and Uruguay. Brazil and
Mexico are the Latin American countries with the largest gross domestic product
and populations, and so the countries with presumably higher impact on primates
in the wild and in captivity. Uruguay represents small Latin American countries
with no natural occurrence of primates. This is a sample of the reality of primate
welfare in Latin America, and these are countries for which the authors have
expertise.

3.1 Brazil

Brazil is home to the highest number of primate species in the world. Of the
139 species that live in Brazil, 6 are critically endangered, 15 are endangered, and
15 are vulnerable (ICMBio Portaria no444 17/12/2014). Primates in captivity in
Brazil are located in rescue or rehabilitation centers, zoos, university research
facilities, primate centers, wildlife sanctuaries (private), and private collections.
Most of the captive primates registered in the National System for Management of
Wildlife are in zoos (43.0%) or in breeding colonies for scientific research (30.8%).
The remaining portion are kept in wildlife sanctuaries (13.5%) or are bred for
commercial purposes (4.2%), including the legal pet market, or are in private rescue
centers (3.0%) (see also Csermak 2007; IBAMA 2016, Relatório Técnico CETAS
2002–2014, unpublished—based on 2016 data). As of 2016, Brazilian authorities
have records of 2763 licensed captive-housed primates (Fig. 3), excluding the
number of primates kept in government rescue centers. Cebus/Sapajus spp.
(23.4%), Macaca spp. (22.0%), and Callithrix spp. (16.4%) are most frequently
held in private facilities; the most common species being rhesus macaques Macaca
mulatta (18.7%), brown capuchin monkeys (13.4%), and black-tufted marmosets
Callithrix penicillata (7.2%).
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The Brazilian Ministry of the Environment has taken a proactive stance on
conservation through the National Center for Research and Conservation of
Brazilian Primates (CPB). Although the great focus of CPB is on conserving
endangered species in situ, CPB is also concerned with the management of primates
in captivity for two reasons: its role on biological invasions and its role on
endangered species conservation. One way in which invasive populations have
become established in Brazil has been the frequent disordered and unauthorized
releases of captive specimens, which is a consequence of the illegal pet trade
(Levacov et al. 2011; Oliveira and Grelle 2012). For example, areas, including
protected areas, inhabited by two endangered species (the buffy-tufted marmoset
Callithrix aurita and the golden-lion-tamarins Leontopithecus rosalia), have been
invaded by introduced populations of common marmosets (Callithrix jacchus),
black-tufted marmosets (Callithrix penicillata), and their hybrids (Pereira et al.
2008; Ruiz-Miranda et al. 2010). The ecological, behavioral, and genetic similarities
between these allochthonous populations and resident species—especially for con-
generic species—represent a serious threat through competition, introduction of
pathogens, or hybridization, and may cause local extinctions (IUCN 2000).
Hybridization with Callithrix aurita has already been recorded (Pereira et al. 2008).

The National Action Plans for the conservation of threatened primates in Brazil
include, when appropriate, recommendations for captive management (CPB 2018).
Adequate management of captive monkeys may contribute to the conservation of
species. The Golden Lion Tamarin Conservation Program included captive manage-
ment and reintroduction components (Beck et al. 1991; Stoinski et al. 2003; Kierulff

Fig. 3 Number of primates kept at private facilities. Conservation status: “endangered” groups
species considered critically endangered or endangered are grouped; vulnerable; non-endangered
groups least concern or data deficient, according to the Portaria nº44 (17/12/2014, Brazil). The
number of primates is based on records of licenses provided by SISFAUNA (IBAMA 2016)

150 R. G. Ferreira et al.



et al. 2012). Currently, over 40% of the wild-living golden-lion-tamarins are
descended from reintroduced animals, and this program contributed to the recovery
of the species and the protection of over 3100 ha of forests on private land (Grativol
et al. 2001; Procópio-de-Oliveira 2002; Ruiz-Miranda et al. 2010; Kierulff et al.
2012).

Wildlife Rescue and triage Centers (CETAS) and Wildlife Rehabilitation Centers
constitute the official repositories of animals obtained from seizures by environmen-
tal law enforcement agencies and by the voluntary surrender of animals. The first
governmental wildlife rescue and triage center dates to the 1970s. Brazil currently
has 23 such centers spread across five regions. The region with the largest number of
these centers is the Northeast (IBAMA 2016) where most wildlife confiscation
occurs (RENCTAS 2000). CETAS receive on average 43,742 animals/year, totaling
568,645 between 2002 and 2014 (IBAMA 2016). Levacov et al. (2011) calculated
that primates represent 38.2% of the mammals received by CETAS. Callithrix
jacchus is the second most numerous mammal species rescued, and Sapajus spp.
is the second most common primate rescued. Only in 2014, CETAS received
256 Callithrix jacchus and allocated 77% of them. Although efforts to release this
species back to their habitat have been made, Callithrix jacchus are among the
mammal species that accumulate and end up dying in CETAS facilities (Levacov
et al. 2011).

Brazilian wildlife rescue center operations involve reception, screening, and
destination. After a period in quarantine, animals are screened so as to identify
their biome of origin, physical and behavioral characteristics (clinical status), and
their epidemiological/health status, and to determine whether to reintroduce them to
the wild (release), place them in captivity, or to euthanize them. The preferred
options are to reintroduce the animal or to send it to a captive facility. Euthanasia
is a last resort.

Primates are the main recipients of CETAS’s resources in terms of infrastruc-
ture (especially for enclosures), feeding, and specialized personnel. Facilities at
governmental rescue centers are meant to be transitory; enclosures are usually no
greater than 5 m2 and comprise concrete walls and floors. Due to the constant
arrival of individuals and difficulty in performing adequate releases, primates
accumulate in rescue centers. Most animals that arrive at CETAS are held for
months or even years before they are transferred to other shelters or released.
Clinical and behavioral conditions of animals in rescue centers are commonly
compromised, and rehabilitation programs are still scarce (Ferreira et al. 2016). An
estimate of 30% mortality 6 months after release (Sita 2016) and 20% confirmed
survivorship 10 years after release is reported for Sapajus libidinosus (Ferreira,
persn comm).

Primates are used in more than 33 research areas in Brazil, including cancerology,
parasitology, hepatitis, virology, malaria, comparative physiology, dermatology,
glomerulonephritis, ophthalmology, toxicology, pharmacology, microbiology, toxo-
plasmosis, arterial lesions, schistosomiasis, cell therapy, psychopharmacology, yel-
low fever, atherosclerosis, herpesviruses, lymphoblastoid cells, physiological stress,
and cognition and the neurosciences (da Silva Barbosa et al. 2015). The two longest
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established primate research centers in Brazil hold 774 primates currently. The first
of these centers is Brazil’s National Primate Center (CENP), which currently holds
560 primates from 22 New World monkey species (Torres et al. 2010). The second
center is The Rio de Janeiro State Primatology Center holds 214 primates of 37 taxa
(CPRJ 2016 annual report). Most of these monkeys are from the genus
Leontopithecus (64 individuals) and 59% (126) of these primates comprise 8 criti-
cally endangered or endangered species, and 3 vulnerable species (Fig. 4).

Primates kept in captivity usually have higher cortisol levels, hematological
changes, and nutritional deficiencies. Abnormal behavior and chronic stress can
affect research validity, reliability, and replicability (Buchanan-Smith et al. 2022;
Garner 2005). A study’s internal and external validity can be affected when physio-
logical and behavioral responses of stressed individuals differ from those of healthy
individuals. These threats to research validity notwithstanding, an increasing number
of captive primates, particularly New World monkeys given their smaller size and
faster life history, are being used in research. Between 1966 and 2005, 10,814
studies using New World monkeys as models were published (Torres et al. 2010).
From 2000 to 2005, the majority of those publications (54–73%) were related to
neuroscience. Although many studies with New World monkeys have been
conducted in South American countries, and the number has been increasing in
recent decades, very few of these countries have specific regulations in place for the
care and welfare of primates.

Since 2014, all research centers in Brazil that conduct experiments on animals are
regulated by the National Council for Animal Experimentation Control (CONCEA).

Fig. 4 Causes of death of the captive native monkeys. Sizes of primate pictures are proportional to
causes of mortality affecting each species
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A special guidebook provides regulations specific for research in primates, following
mostly recommendations from the “Guide for the Care and Use for Laboratory
Animals,” which is published by the National Research Council, USA (2011).
Recommendations include enclosures built in concrete to facilitate sanitation and
suggestions that individuals should be housed in social groups. Nevertheless,
primates under experimental protocols, especially for experimental studies of infec-
tious and contagious diseases, tend to be housed in isolation and in environments
with no access to sunlight or a view of the outside world (da Silva Barbosa et al.
2015). Table 1 summarizes the recommended minimal cage size for primates
according to their maximum weight.

Zoos in Brazil keep a large number of Brazilian and exotic primate species. The
Brazilian Society of Zoos and Aquariums (SZB) annually conducts a census to
monitor the primate population. The diversity of species with specific physical and
behavioral needs presents a husbandry challenge for zoos. SZB determined that the
greatest problems in the maintenance of primates in Brazilian zoos are: (1) mainte-
nance of unstable social groups and a lack of information about the geographical
origin of individuals that compose the social groups; (2) little participation of ex situ
populations in the conservation of their species; (3) absence of species-specific
protocols relating to nutrition, preventive veterinary medicine, welfare programs,
and studbooks; (4) little technical qualification of the teams (especially handlers) that

Table 1 Spatial recommendations for laboratory primates

Animals
Maximum
weight (kg)

Minimum
floor area
(m2)

Height
(cm)

Cebuella spp., Callithrix spp., Mico spp., Saguinus
spp., Leontopithecus spp., Aotus spp., Callimico
goeldii

1.5 0.20 76.2

Cebus spp., Sapajus spp., Saimiri spp. 3 0.28 76.2

Alouatta spp., Ateles spp., Chlorocebus aethiops 10 0.40 76.2

Lagothrix spp., Brachytheles spp., Macaca spp.,
Cercocebus spp., Erythrocebus spp., Papio anubis

15 0.56 81.3

Group 5 Old World primates 20 0.74 91.4

Group 6 Old World primates 25 0.93 116.8

Group 7 Old World primates 30 1.40 116.8

Group 8 Old World primates >30 �2.32 152.4

Chimpanzees (Juveniles) 10 1.40 152.4

Chimpanzees (Adults) >30 �2.32 213.4

Source: CONCEA (2014). Groups 5–8 refers to non-specified Old World Primates whose weight fit
into the correspondent category
ftp://ftp.saude.sp.gov.br/ftpsessp/bibliote/informe_eletronico/2015/iels.nov.15/Iels212/U_RN-
MCTI-CONCEA-28_131115.pdf
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maintain these animals, and the fact that this deficiency leads to the delay in the
detection of problems and the implementation of solutions; and (5) the enclosures
are small and there is little capacity to provide physical enrichment. The actions
required to solve these five major challenges should be a priority for institutions in
Brazil.

Brazilian legislation concerning recommendations for zoo enclosure area and
height are based on the size of species and varies from 3 to 60 m2 (e.g., 200 m2

enclosures are recommended for gorillas) and 2.5–5 m of height. The regulation
emphasizes the importance of the enclosure’s ground being made of soft soil for all
primate species and even recommends ground vegetation for a few species. Tree
branches in abundance are recommended for all primate enclosures as well as a
warm refuge for regions where temperatures can be low during winter (IBAMA IN
169/2008). Recommendations notwithstanding, many zoos across Brazil, including
government owned zoos, house primates in concrete enclosures that are smaller than
the recommended size, and provide little enrichment.

Despite the advances in knowledge about the management and pathologies of
primates, a high percentage of the individuals in research and zoo colonies have
respiratory problems, and this number is followed closely by the percentage of
individuals that have nutritional and gastrointestinal problems, mainly due to
parasites. Outbreaks of herpesvirus and toxoplasma are not uncommon either and
are major sources of mortality in zoos and research colonies (Pissinatti et al. 2002;
Vanstreels et al. 2011; Catão-Dias et al. 2013).

3.2 Mexico

In 1980, there were 26 public and two private zoos in Mexico. By 1990, their
combined number nearly doubled to 51 (Babb Stanley 2002). As of 2003, there
are 108 zoos in Mexico that are registered with the Directorate General of Wildlife
Secretariat of Environment and Natural Resources. In addition, many native primate
species (mantled howler monkeys Alouatta palliata, Guatemalan black howler
monkeys Alouatta pigra, and black-handed spider monkeys A. geoffroyi) are kept
across Mexico in breeding centers, circuses, animal facilities, private collections, and
wildlife management units. The number of primates cannot be estimated because
many individuals are kept in private shelters as pets (for review of primates in the pet
trade see Hevesi 2022) and so are not accessible and/or available for census
(Lascurain et al. 2009). Also, the Mexican authorities do not always have an updated
inventory of confiscated animals (Aranda-Pérez et al. 2015).

The origin of the native monkeys kept in 18 surveyed zoos varies depending on
the species. Just over half of the spider monkeys came from voluntary surrender
(29%) or confiscation (22%), 32% were born in captivity, and 15% came from
exchanges with other zoos. For black howler monkeys A. pigra, 62% were
confiscated individuals and 38% were donated to zoos by people who had obtained
the monkeys from the illegal pet trade (Gual-Sill and Rendón-Franco 2011). Of the
three Mexican species, spider monkeys have been traditionally captured due to the
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appeal of infants as pets, which has impacted native populations negatively (Kinzey
1997; Aranda-Pérez et al. 2015).

A recent study on the illegal trade in primates in Mexico emphasized that in the
last 18 years, spider monkeys were the most affected. Of native species confiscated,
97% were spider monkeys versus only two were howler monkeys (one A. palliatta
and one A. pigra) (Aranda-Pérez et al. 2015). Howler monkeys, especially those
from the illegal pet trade, often die due to health problems related to early weaning,
poor diet, social isolation, inappropriate facilities, and poor care. Those that survive
do so in poor condition and are often donated to zoos. Consequently, the mortality
rate within the first few weeks after they are donated is extremely high (Gual-Sill and
Rendón-Franco 2011). Proper and quick management during this time is crucial for
increasing survival.

Of the 122 facilities that house native Mexican monkeys comprising the data for
Table 2, 119 keep A. geoffroyi, 6 keep A. palliata, and 11 keep A. pigra in all,
569 individuals. Because around 40% of captive spider monkeys are in circuses and
tourist attractions, and these establishments do not adequately document their
collections, it is not possible to ascertain the number of spider monkeys and their
welfare status.

Differences in the number of primates kept in captivity may highlight species
differences in how capable individuals are of coping with the captive environment
and related stressors. For example, over one third (34.3%) of howler monkeys die
during the first month of captivity (Gual-Sill and Rendón-Franco 2011). In general,
for the three species of Mexican monkeys just discussed, gastrointestinal
pathologies, followed by respiratory disorders and trauma, are the main causes of
death (Fig. 4). A more detailed analysis indicates that the major causes of death for
spider monkeys are respiratory (21%) and gastrointestinal disorders (21%), injuries
(14%), and senility (10%). For howler monkeys, the leading causes of death are
gastrointestinal (67.6%), respiratory or liver disorders (7.6%), and cardiovascular or
nutritional disorders (2.9%) (Gual-Sill and Rendón-Franco 2011). More research on
accurate gastrointestinal assessment and nutritional management during captivity
would help to treat gastrointestinal or metabolic diseases.

Table 2 Population of native nonhuman primates in captivity in Mexico

Place

A. geoffroyi A. palliata A. pigra

♂ ♀ n.d. N ♂ ♀ n.d. N ♂ ♀ n.d. N

Zoos 60 124 14 208 1 1 1 3 7 4 0 11

Breeding centers 19 29 1 49 2 9 17 28 0 2 0 2

CIVS 11 27 3 41 0 0 0 0 2 2 0 4

Circuses and
tourist trade

81 120 21 222 0 0 0 0 0 0 1 1

Total 171 300 49 520 3 10 18 31 9 8 1 18

% 91.4 5.4 3.2

Adapted from Gual-Sill and Rendón-Franco (2011). CIVS: wildlife research centers; ♂: male; ♀:
female; n.d.: sex not determined

Primates Under Human Care in Developing Countries: Examples From Latin America 155



3.3 Uruguay

Uruguay, like Chile, is a country in Latin America that is not home to populations of
wild primates. Primates in Uruguay are either kept as pets in private homes (usually
in precarious conditions) or housed in zoos. All of these individuals are monkeys;
there are no more apes in zoos since the last two chimpanzees at Villa Dolores Zoo
died from tuberculosis in the 1990s. Because keeping primates in homes is illegal in
Uruguay, it is difficult to know how many or what species are being kept.

Corte et al. (2008) conducted a survey in seven zoos to analyze the characteristics
of the primate facilities and the conditions of captivity. Each zoo’s directors were
interviewed and consulted about whether there were environmental enrichment
programs. The enclosures for the primates were also measured and analyzed. The
enclosure characteristics of interest included size in relation to number of individuals
and species, design, whether there were sheltered areas, soil, vegetation, water
availability, and the presence of enrichment items. The specimens and their
enclosures were photographed and filmed. In the zoos surveyed, eight species of
primates were registered, of which the most common and with the highest number of
specimens were hamadryas baboons Papio hamadryas (17%) and Cebus (Sapajus)
apella (22%). The few data provided by authorities on the origins of these monkeys
indicated that most of the baboons were descendants of the same colony (Parque
Lecocq) and that some specimens of C. apella, both specimens of Chlorocebus
aethiops, and the original family of Callithrix jacchus were brought to the zoos by
private individuals. However, 60% of specimens had an unknown origin, which
indicates that they probably came from illegal traffic

All but two of the zoos that Corte et al. visited did not have an environmental
enrichment program for the primates (or any other animals). The enclosures were
generic and neither their size nor their complexity was related to the number or type
of individuals housed within them. Some species’ taxonomic classifications were
wrong, and the sex of some individuals was also misclassified. The animals were fed,
and basic sanitary measures were in place, but their behavioral needs were not
attended to. More than 50% of the enclosures had no visual barriers between animals
and visitors. The design (vertical versus horizontal) according to needs of the species
(arboreal versus terrestrial) had also not been considered. There was a lack of
records, management plans, and adequate information on the natural behavior of
the species. Moreover, there was no systematic observation of behavior, although the
existence of stereotyped behaviors, apathy, hyperactivity, and inadequate social
groupings was recorded. There were also no biologists among staff. Overall, this
suggests that the welfare needs of the primates, as well as other animals, in these
zoos were not being met in these zoos. There were, however, two exceptions. The
first was Reserva Tálice at Trinidad, Flores. At this zoo, enclosures were large and
high, contained living trees, had earth flooring, and the zoos considered the animals’
basic needs. Parque Lecocq Zoo at Montevideo, the only Uruguayan zoo listed in the
Latin American Zoo and Aquarium Association was the other exception. This zoo
included a new enclosure made specifically for their hamadryas baboon colony,
which comprised 100–200 individuals. This installation was also much bigger than
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that found in most zoos in Uruguay and had indoor and outdoor facilities for colony
management.

Uruguayans have been aware of the poor condition of captive animals in their
country’s zoos and many NGOs have pushed for the closure of these institutions. In
response, some zoos have closed and recently 48 primates, 12 common brown
lemurs Eulemur fulvus, 11 rhesus macaques, 3 black howler monkeys, 2 hamadryas
baboons, and 20 brown capuchin monkeys, were relocated from one zoo to Reserva
Talice. However, many of the primates held in these zoos would have no adequate
place to go if released, and so there is major concern regarding the future of these
individuals should the zoos close.

4 Endangered New World Monkeys in Captivity

The ex situ conservation of species in captivity refers to the maintenance of
biological diversity outside the natural habitat to reduce the risk of extinction and,
in some cases, restore wild populations (Hosey 2022; Lascurain et al. 2009).
However, most zoos in Latin America have no record of individual lineages and
consequently have difficulty in participating in collaborative breeding programs
(Gual-Sill and Rendón-Franco 2011).

When the Rio de Janeiro State Primatology Center opened in November 1979,
colonies of golden-headed lion tamarins Leontopithecus chrysomelas, golden lion
tamarins L. rosalia, black lion tamarins L. chrysopygus, black-tufted marmosets
Callithrix penicillata, common marmosets, and hybrids were brought from the
Golden Lions Biological Bank, Tijuca, Rio de Janeiro. After that, groups of woolly
spider monkeys (or muriquis) Brachyteles spp., bald uakari Cacajao rubicundus,
black bearded saki monkeys Chiropotes satanas, pied tamarins Saguinus bicolor,
Wied’s marmoset Callithrix kuhlii, and Geoffroy’s tamarin Sanguinus geoffroyi
were formed. The main goals of establishing these colonies were: (a) to conduct
biomedical studies, (b) to keep some colonies as a genetic backup to supply other
captive colonies inside and outside Brazil, and (c) to prepare groups for in situ
conservation. The recovery of the wild golden lion tamarin population is one of the
best examples of how ex situ breeding coupled with the release of animals into the
wild can bolster primate conservation efforts (Beck et al. 1991; Kleiman and
Rylands 2002). However, it is estimated that a vertebrate ex situ breeding program
requires between 250 and 500 animals to maintain genetic diversity for 100 years
(Lascurain et al. 2009). This requires resources, specialist technical teams, and
infrastructure that facilitate the recovery and survival of individuals or populations
outside their habitat. Furthermore, maintaining wildlife in captivity could lead to
problems, including infertility and hybridization.

There is no ex situ conservation program for any of the three threatened species of
monkeys in Mexico (black-handed spider monkeys, mantled howler monkeys, and
black howler monkeys), albeit there are individuals in captivity. The Mexican
Primates’ Conservation Assessment andManagement Plan emphasizes that captivity
is not considered an immediate tool for the long-term preservation of Mexican
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monkeys. Notwithstanding the critical and urgent situation with regard to wild
populations, specialists decided it was more profitable to invest in the protection
and development of in situ conservation programs (Rodríguez-Luna et al. 2009).

In Brazil, the yellow-breasted (Sapajus xanthosternos) and blond capuchin mon-
key (S. flavius) face a similar situation in that conservation efforts are focused on in
situ habitat protection (Benoit Quintard, studbook keeper of S. xanthosternos, per-
sonal communication). Brazil has three national action plans in place to promote in
situ conservation and ex situ management (CPB 2018). One of these plans is for
muriqui, another is for pied tamarins, and the third is for five endangered primates
found in northeast Brazil: red-handed howler monkeys (Alouatta belzebul), Barbara
Brown’s titi (Callicebus barbarabrownae), Coimbra Filho’s titi (Callicebus
coimbrai), blonde capuchin monkeys, and yellow-breasted capuchin monkeys.

5 Legal Protection for Primates in Latin American
and Caribbean Countries

Legal protection is a cornerstone of wildlife conservation and the welfare of animals
in captivity or under human management (for review of primate welfare legislation,
see Bayne et al. 2022). The legal framework is a complex array of international
treaties, national laws and regulations, and law enforcement. The legal panoply
protects the physical and psychological well-being of primates through limits on
research activities and by establishing husbandry and management practices. Laws
and regulations can also guide and facilitate the development of captive facilities for
research or conservation.

We reviewed the legal status of captive primates by surveying the laws and
regulations that apply to wild primates and those in captivity (Appendix). We
were interested in assessing which laws the protection of primates fall into, if the
laws mention primates, or if the laws are specific about primates in captivity. We
used Google to search for documents using keywords in Spanish, Portuguese, and
English. Although the available information may not be exhaustive, we believe that
it probably reflect the legal status of primates in captivity (Table 3). Some countries
do not have native primates but were surveyed because they host primates in
research facilities or zoos. We did not conduct in-depth content analysis of the
laws and regulations and so interpretations of legal protection may differ if analyzed
by an expert.

The only international treaties applicable are CITES and the Convention on
Biological Diversity (CBD). There is no international treaty for animal welfare.
All South American and Caribbean countries that we surveyed are signatories of
CITES and CBD and have wildlife protection laws. All countries protect CITES-
listed species. In most countries, the laws protect some wildlife species and allow for
the exploitation of others. This is understandable because most of the countries have
indigenous ethnic groups (native Americans) that hunt wild animals, including
monkeys, for food or keep these animals as pets (Peres 1990; Ojasti 1996; Bodmer
et al. 1997; Richard-Hansen et al. 2000; Drews 2002; de Araújo et al. 2008). Brazil
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and Peru seem to be the only countries that differ in how they regulate the use of
wildlife for indigenous and non-indigenous citizens. Brazil has a legal clause that
states that all wildlife is under the protection of the state. And, as a consequence, the
state is obligated to annually collect, receive, screen, treat, rehabilitate, and allocate
hundreds of thousands of individual animals. Few countries have explicitly created
or nominated an agency for the enforcement of wildlife laws. The lack of a clear
enforcement mechanism is significant, because legal protection does not guarantee
compliance (Peres and Terborgh 1995; Drews 2001, 2002; Rowcliffe et al. 2004).
None of the wildlife protection laws cover animal welfare.

In nearly all countries, the wildlife laws require permits to keep native primates
(or any wildlife) in captivity. Captivity can be for conservation, basic or biomedical
research, or for keeping the animals as pets. Only Uruguay (Law 16.088 of 1989)
clearly prohibits having primates as pets. Only Brazil, Peru, Mexico, Panama,
Colombia, and Costa Rica have laws that regulate permits based on the CITES or
IUCN status of the species. When law enforcement officers confiscate illegally kept
primates, these primates are sent to triage or rescue centers, where they often stay for
years. There does not seem to be any animal husbandry or welfare regulations, or any
type of periodic inspections for those facilities.

The welfare of captive primates is subject to general animal welfare or animal
protection laws present in all countries except for French Guiana and Guyana. Some
of these laws, for example Ley Arouca (2008) of Brazil, Ley Orgánica de Bienestar
Animal of Ecuador, and Peru’s Animal Welfare Law (2017), are extensive. These
animal welfare laws require that animals be provided proper housing, food, and
treatment, and prohibit physical abuse and neglect. In seven countries, these laws
explicitly mention wildlife, for the other countries, the laws deal exclusively with
domestic animals. None have specific provisions for adequate social environments
or specific guidelines for primates. None of the laws mention adherence to interna-
tional guidelines for managing captive primates.

These general animal welfare laws apply to any form of captivity, including, but
not limited to, being held in research facilities, zoos, or circuses. These laws,
however, do not account for differences among the design and management of
animals while in captivity that could affect primate well-being, such as enclosure
size or social housing. One exception is the regulations for the use of laboratory
animals, but only the regulations of Brazil and Mexico mention primates.
Universities and research institutions have institutional animal care and use
committees and it is assumed that these committees abide by international standards.
Countries such as Brazil, Colombia, Costa Rica, Mexico, and Argentina have
developed guidelines for keeping primates in captivity, albeit they have done so to
differing degrees. Columbia and Brazil have the most specific guidelines (they are
based on the Guide for the Care and Use for Laboratory Animals). Colombia has
recommendations that cover enclosure size and details of the physical environment.
When applying for a permit to keep primates, applicants must submit a management
plan that includes details about the facilities, husbandry, and staff. The Brazilian
guidelines for zoos specify criteria regarding the size of enclosures, density of
animals, and the social system of the species, but it is not clear if these guidelines
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apply to research centers, breeding centers, or rehabilitation centers. Some countries,
including Chile, Colombia, Peru, Ecuador, Mexico, and Uruguay, claim to follow
international guidelines (National Research Council, Canadian Research Council,
International Primatological Society, Wildlife Conservation Society) for keeping
primates in captivity. Zoos are treated under the law together with other entertain-
ment facilities, such as circuses, and, as such, are regulated by general animal
protection and welfare laws. Brazil and Mexico do have specific separate laws for
zoos and circuses. In eight countries the use of animals in circuses is prohibited.

In general, there is protection for CITES species living in the wild. The legal
structure for obtaining permits varies among countries, and it is not clear for most
countries, the exceptions being Brazil, Peru, Mexico, and Costa Rica, which species
can be captured, by whom, and for what purpose. Captive primate husbandry is not
regulated in most countries, falling under the umbrella of general welfare laws. The
decisions regarding the enforcement of the laws or criteria for keeping monkeys in
captivity seem to be left to expert opinion on a case-by-case basis. The lack of
specific regulations or guidelines for primate husbandry makes it difficult to demand
compliance with minimum standards for welfare. Also, the lack of clear and well-
structured regulations may be one factor that hinders the development of captive
facilities because it makes obtaining permits a highly bureaucratic process guided by
individual interactions, context, and ad hoc expert opinion. The legal context also
allows for the existence of informal and temporary captive settings that do not
provide adequate welfare. Finally, the return of primates to their natural habitats is
not facilitated by the legal-administrative processes. On the contrary, it is often
strictly regulated to inhibit the formation of introduced populations out of the historic
range of the species.

6 Human Care for Primates in Latin America, Where to Go
from Here?

The constant removal of species of New World monkeys from the wild is a serious
issue for conservation and animal welfare. Concurrently an increasing number of
primates are kept ex situ, under human care, in rescue centers, zoos, research centers,
and private collections. Although regulations of institutions that keep wildlife in
captivity are usually present in Latin American countries’ legislation, few are
specific to or offer practical guidelines that ensure animal welfare. Moreover, in
those countries, these laws are seldom enforced.

Unfortunately, the picture emerging from this chapter is that most captive
primates in Latin America do not experience conditions that are likely to induce
good welfare. Lack of funding to build new facilities or to improve existing facilities,
to buy medicines or proper food, and need for specialized personnel are common
complaints of zoos and commercial/research/rescue centers facility directors.
Species-specific management protocols and little participation of ex situ populations
in programs of conservation in situ are also difficulties faced by facility directors.
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Rescue centers face unique challenges in developing countries because the
number of animals that reach these centers is usually much larger and more constant
than in centers within developed countries. Although some zoos and conservation
centers have advocated for breeding programs of endangered species, there are too
few rehabilitation centers for captive animals in Latin America and few examples of
monitored reintroduction of endangered or non-endangered primate species. It has
been argued that an alternative for these rescued populations could be the establish-
ment of semi-free ranging colonies in forest fragments for educational and
non-invasive research purposes (Kerwin 2010). Keeping primates in such fragments
would decrease the need (and costs) for direct human care, improve the primates’
welfare, and promote environmental education. For example, Tárano and López
(2015) reported that wedge-capped capuchin monkeys (Cebus olivaceus) hosted in a
semi-free ranging 15 ha exhibition showed behavioral patterns comparable to those
of wild conspecifics, whereas groups living in enclosures (450 m2 and 200 m2)
exhibited abnormal behavior patterns and increased aggression. Price et al. (1994)
showed that visitors who observed semi-free ranging cotton-top tamarins (Saguinus
oedipus) in a zoo made more comments about the animals behavior and their welfare
when compared to visitors who observed a group in a cage.

From a conservation perspective, primates living in fragments face challenges
such as the long-term population viability, more rapid spread of disease, and
hybridization (see Marsh and Chapman 2013 for a review). Fragments, however,
can offer a good opportunity for the scientific community to study these challenges
and those areas might offer an opportunity to manage rescued animals in situ, which
would promote welfare and conservation. By monitoring these fragments, scientists
and institutions can develop essential and applied methods for increasing the viabil-
ity of wild populations. Neutral or affiliative human interactions can also increase
primate welfare in wild or semi-free ranging conditions. For example, wild silvery
woolly monkeys (Lagothrix poeppigii) that are habituated to humans showed fewer
threat displays in non-hunting than in hunting areas (Papworth et al. 2013). Mexican
primatologists already acknowledge that moving animals between fragments or
disturbed areas is a necessary strategy for ex situ and in situ conservation
(Sánchez-López 2013; Rangel-Negrín et al. 2014).

The problems and challenges across Latin American countries in caring for
primates ex situ are similar, and by sharing experiences and strategies that work
we have the opportunity to solve welfare issues. Ensuring welfare of ex situ wildlife
is a moving target that requires adaptive co-management between different actors.
International organizations and scientific societies, both within and outside Latin
America, with their organizational and networking capabilities are key players to
promote these interactions and in finding solutions.
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Appendix: Laws and Documents Consulted

Criterios Técnicos para la mantención y manejo de fauna silvestre en cautiverio
(2013).

Criterios tecnicos para la mantencion y manejo de fauna silvestre en cautiverio
(2014).

Ley 12.238. De aplicación para todos los parques zoológicos y establecimientos
con animlaes vivos de la fauna silvestre en cautiverio o semicautiverio (1998).

Acuerdo 0062. Medidas para regular la actividad de circos, y prevenir el maltrato
a los animales silvestres (2010).

Ley 17 (10 de septiembre de 2004). Ley Florestal y de conservación de areas
naturales y vida silvestre (2004).

Lay 1638 del 27 de junio de 2013. Por medio de la cual se prohibe el uso de
animales silvestees, ya sean nativos o exóticos, en circos fijos e itinerantes (2013).

X Taller de Bioética: Regulación del uso y cuidado de animales en investigación
(2015).

NTON 05 023-03 Norma técnica para el establecimiento de centros de rescate y
rehabilitacion de la fauna silvestre (2003).

Ley para la conservación y uso sustentable de la biodiversidad.
Reglamento para el establecimiento y manej o de zoocriaderos de especies de

vida silvestre, decreto 57 de 2003 c.f.r. (2003).
Decreto 32633 (10 de marzo de 2005) (2005).
Decreto 156-2007. Ley florestal, áreas protegidas y vida silvestre (2007).
Norma oficial mexicana NOM-062-ZOO-1999, especificaciones técnicas para la

producción, cuidado y uso de los animales de laboratório (1999).
Muñoz Moreno, D. M. (2011). Revisión de la normatividad para zoocriaderos en

Colombia. Especialización en Ingenieria Ambiental Bachelor’s Monograph
Universidad Industrial de Santander, Bucaramanga.

Ley 30. de proteccion a los animales (1991).
Ley 24. Legislación de vida silvestre República de panmá y se dictan otras

disposiciones (1995).
Ley de proteción a la fauna silvestre (1970).
Instrução normativa 7, 30 de abril de 2015. Instutui e normatiza as cateogrias de

uso e manejo de fauna silvestre em cativeiro, e define, no ámbito do IBAMA, os
procedimentos autorizativos para as categorias estabelecidas (2015).

Lei 11.794 de 8 de outubro de 2008. estabelecendo procedimentos para o uso
científico de animais; revoga a Lei no 6.638, de 8 de maio de 1979; e dá outras
providências. (2008).
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Código Nacional de Recursos Naturales Renovables y Protección al Medio
Ambiente, 2811 (18 de diciembre de 1974) C.F.R. (1974).

Decreto 1608 (31 de julio de 1978). Reglamento del Código Nacional de los
Recursos Renovables y de Protección al Medio Ambiente, 1608 C.F.R. (1978).

Ley 27308 (15 de julio de 2000). Ley florestal y de fauna silvestre (2000).
Ley 96 de vida silvestre (1992).
Decreto Supremo 014-2001-AG (06 de abril de 2001). Reglamento de la ley

florestal y de fauna silvestre (2001).
Ley 5.197 de 03 janeiro de 1967. Ley de proteção de Fauna (1967).
Ley 4840 de protección y bienestar animal (2013).
Decreto supremo (002 de 2015) que establece mnormas para el manejo y tenencia

de fauna silvestre en cautiverio (2015).
Ley 7451. Bienestar de los animales.
Ley 7317 (30 de octubre de 1992). Ley de conservación de la vida silvestre

(1992).
Guia 1. Guia técnica y operativa para el control del comercio y tráfico de fauna

silvestre en Ecuador (2013).
Reglamento de la ley de protección a la fauna silvestre (1999).
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Using Behavior to Assess Primate Welfare

Corrine K. Lutz and Kate C. Baker

Abstract

Promoting welfare should be a goal of all facilities housing nonhuman primates.
However, determining whether that goal has been met can be challenging. One
means of measuring primate welfare is by assessing the animal’s behavior.
Herein, we review commonly used behavioral indices for measuring welfare.
The first is abnormal behavior, which is defined as behavior that differs in kind or
degree from natural behavior. Abnormal behavior can indicate past or present
adverse experiences, but it is also impacted by intrinsic factors such as species,
temperament, age, and sex. Although abnormal behavior may in some way help
an animal to cope with its environment, the presence of abnormal behavior is of
concern and interventions may be warranted. Low well-being can also be
measured by the display of anxiety-related self-directed behaviors such as
scratching and yawning, as well as fear-related facial expressions and
vocalizations, freezing, and fleeing. The benefit of utilizing normal species-
appropriate anxiety behaviors is that, unlike with abnormal behavior, they are
ubiquitous and can function as a “warning system,” which allows for earlier
identification of environmental deficiencies and intervention. Species normative
behaviors that are reflective of positive emotional states can be used to identify
animals experiencing positive welfare, but determining appropriate levels of these
behaviors in captivity can be challenging. Regardless of the behaviors being
assessed, an understanding of the species’ behavioral repertoire is critical when
using behavior as a measure of welfare. When accurately assessed, an animal’s
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behavior, whether normal or abnormal, can be utilized as an indicator of well-
being in nonhuman primates.

Keywords

Abnormal behavior · Anxiety-related behavior · Species normative behavior ·
Psychological well-being · Positive welfare

1 Introduction

Since the term “psychological well-being” (herein used interchangeably with “wel-
fare”) was introduced in the 1985 amendment to the Animal Welfare Act, there has
been considerable discussion regarding how to best define the term. Many
definitions have been built around “the Five Freedoms” (Brambell Committee
1965): (1) freedom from thirst, hunger, and malnutrition, (2) freedom from discom-
fort, (3) freedom from pain, injury, and disease, (4) freedom to express natural
behavior, and (5) freedom from fear and distress. Freedom from boredom (Ryder
1998), the principles of coping ability (Broom and Johnson 1993), and the ability to
predict and control environments (Wiepkema and Koolhaas 1993) have also been
raised as components of psychological well-being. Although the European Commis-
sion defines welfare using the Five Freedoms, several other definitions are widely
used in zoos and laboratories. For example, the Association of Zoos and Aquariums
defines welfare as “an animal’s collective physical, mental, and emotional states over
a period of time” and states that an animal possesses good welfare if it is “healthy,
comfortable, well-nourished, safe, able to develop and express species-typical
relationships, behaviors, and cognitive abilities, and not suffering from unpleasant
states such as pain, fear, or distress” (Association of Zoos and Aquariums Welfare
Committee 2016). The European Association of Zoos and Aquaria defines psycho-
logical well-being as “coping, both mentally and physically, at a particular point in
time” (European Association of Zoos and Aquaria 2016). For laboratories that house
primates, an animal is considered to have good welfare if it is (1) experiencing good
physical health, (2) able to engage in a substantial range of beneficial species-typical
activities and does not display high levels of abnormal behavior, (3) not in a chronic
state of distress, and (4) able to cope effectively with day-to-day changes in its social
and physical environment (with reference to meeting its own needs; Novak and
Suomi 1988).

There are numerous means available for measuring welfare, many of which are
addressed in this volume. Herein, we concentrate on commonly used behavioral
indices for measuring welfare: (1) identifying the presence, absence, or quantity of
behaviors that are abnormal (i.e., not species-appropriate); (2) assessing behaviors
indicative of anxiety or fear, which can be useful for measuring distress; and
(3) measuring indices of positive welfare, including normalized activity budgets
and species-appropriate behaviors.
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2 Abnormal Behavior

Abnormal behavior broadly defined includes any behavior that deviates from the
norm for that species. Behaviors are considered abnormal if they are qualitatively
different (i.e., differ in kind) or quantitatively different (i.e., differ in degree) from
behaviors typically exhibited by that species (Erwin and Deni 1979). Abnormal
behavior has been reported in animals across the primate order, including prosimians
(Tarou et al. 2005), monkeys (Lutz et al. 2003; Vandeleest et al. 2011; Pomerantz
et al. 2012; Conti et al. 2012; Camus et al. 2013; Crast et al. 2014), and apes (Pazol
and Bloomsmith 1993; Nash et al. 1999; Hook et al. 2002; Birkett and Newton-
Fisher 2011). In both zoo and laboratory conditions, abnormal behavior is often
idiosyncratic, and there are behaviors that are considered to be abnormal both within
and across primate populations (Marriner and Drickamer 1994; Bollen and Novak
2000; Lutz et al. 2003). Therefore, to better characterize abnormal behavior, we will
subdivide it into stereotypies and pathological behavior (Novak et al. 2012).

2.1 Stereotypies

Stereotypies are a heterogeneous group of repetitive behavior patterns that have no
clear goal or function (Mason 1991). They vary in form and frequency and can be
further classified based on the physical characteristics of the behavior, such as
whole-body and self-directed movements (Bayne and Novak 1998; Novak et al.
2012). Whole-body or motor stereotypies may include such behaviors as pacing,
swinging, flipping, and rocking (Fritz et al. 1992; Pazol and Bloomsmith 1993; Lutz
et al. 2003; Vandeleest et al. 2011). In contrast, abnormal self-directed behaviors or
fine motor movements may include behaviors such as digit sucking, eye poking
(saluting), self-clasping, or hair pulling (Davenport 1963; Lutz et al. 2003). Some
types of stereotypies may be an exaggerated form of normal behavior, and normal
behaviors can be stereotyped, making it difficult to determine at what point normal
behavior ends and abnormal behavior begins (Mason 1993). For example, behaviors
such as rocking in chimpanzees (Pan troglodytes) are difficult to distinguish from
agonistic display behavior (Ross and Bloomsmith 2011). Moreover, stereotypies
typically do not cause injury and may be adaptive in certain contexts (Mason and
Latham 2004). Therefore, the presence of stereotypies may not be a reliable indicator
of an animal’s current well-being.

2.2 Pathological Behavior

Abnormal behaviors are considered pathological if they occupy a significant portion
of the animal’s time budget, interfere with normal behavior such as eating, or cause
tissue damage (Bayne and Novak 1998). Although pathological behavior is here
categorized separately from stereotypies, it can also be stereotyped in form. For
example, self-biting in stump-tailed macaques (Macaca arctoides) was often
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directed to one particular side of the body (Anderson and Chamove 1985). Patho-
logical behavior occurs in a small percentage of captive nonhuman primates and
includes more severe forms of abnormal behavior that may cause injury. The term
“self-injurious behavior” refers specifically to those behaviors that either cause, or
have the potential to cause, injury. Behaviors that are considered to be self-injurious
include hair pulling (Bayne and Novak 1998), self-biting (Fittinghoff et al. 1974;
Lutz et al. 2003; Crast et al. 2014), head banging (Levison 1979), and self-slapping
(Fittinghoff et al. 1974). However, although these behaviors have the potential for
self-injury, actual injury is comparatively rare (Anderson and Chamove 1980; Lutz
et al. 2003). Even though self-inflicted injury is relatively uncommon, unlike with
stereotypies, pathological behavior has a clear potential negative impact on animal
well-being.

2.3 The Prevalence of Abnormal Behavior

Abnormal behavior can vary in type and frequency across taxonomic groups of
nonhuman primates. For example, coprophagy (consumption of feces) is commonly
reported in chimpanzees (Nash et al. 1999; Birkett and Newton-Fisher 2011), while
“wiggle digits” (fluttering fingers in front of the face) is typically observed in
baboons (Papio spp.: Lutz et al. 2014). In contrast, pacing or other stereotypic
locomotion has consistently been reported to be one of the most common abnormal
behaviors across many species of captive nonhuman primates (prosimians: Tarou
et al. 2005; macaques: Bellanca and Crockett 2002; Lutz et al. 2003; Vandeleest
et al. 2011; Pomerantz et al. 2012; sooty mangabeys Cercocebus atys: Crast et al.
2014). The overall incidence of abnormal behavior has been reported at many
facilities that house captive nonhuman primates, including zoos and laboratories.
For example, in a cross-center survey of 108 zoos, Bollen and Novak (2000)
reported that overall 14% of the nonhuman primates exhibited some form of
abnormal behavior. In this survey, apes exhibited the highest percentage (40%),
New World monkeys and prosimians exhibited the lowest (6–7%), and Old World
monkeys exhibited an intermediate level (14%). In similar cross-center surveys
focusing on specific genera or species at zoos, the numbers reported were higher
for chimpanzees (64–100%; Birkett and Newton-Fisher 2011; Jacobson et al. 2016)
and prosimians (14%; Tarou et al. 2005).

In contrast to surveys of zoo populations, surveys of laboratory-housed nonhu-
man primates focused on more restrictively housed animals, such as those that were
singly housed, and therefore may not be representative of the facility’s population.
For example, the percentages of abnormal behavior in singly housed animals were
often higher than what was observed in group-housed animals (Bayne et al. 1992b).
Surveys of singly housed nonhuman primates have reported that as many as
89–100% of macaques, 83% of sooty mangabeys, and 26% of baboons exhibited
some form of abnormal behavior (Bayne et al. 1992b; Lutz et al. 2003, 2014; Camus
et al. 2013; Crast et al. 2014); however, the number was much lower for marmosets
(Callithrix jacchus; ~1%, Berkson et al. 1966). Even in instances where a large
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number of animals exhibited abnormal behavior, it generally did not constitute a
large portion of the animals’ time budgets (Marriner and Drickamer 1994).

2.4 Risk Factors/Causes of Abnormal Behavior

Abnormal behavior can result from a combination of factors including environmen-
tal experiences, physiological characteristics, and genetic risk factors (Suomi 2006)
as well as frustration, stress, or lack of stimulation (Mason 1991). For this review,
potential causes are divided into extrinsic (environmental) and intrinsic (biological)
categories.

2.4.1 Extrinsic Effects
Some instances of abnormal behavior may indicate that the environment is lacking in
characteristics that fulfill a behavioral need for the animal; the captive environment
may provide few opportunities to elicit normal species-typical behavioral patterns.
Therefore, there is a lack of behavioral competition with stereotyped abnormal
behavior, which can bring about the repetitiveness of stereotyped movements
(Mason and Turner 1993).

2.4.2 Rearing
How an animal is reared can play a significant role in its subsequent behavior. The
impact of rearing practices, ranging from nursery rearing to rearing in more natural
groups with mothers and peers, has been assessed in several studies. Although
infants reared in a nursery with their peers can develop many species-typical
behaviors and relatively normal social responses (Harlow and Harlow 1965), they
can still demonstrate higher levels of abnormal behavior than those seen in their
mother-reared counterparts both in laboratories (Bellanca and Crockett 2002; Conti
et al. 2012; Gottlieb et al. 2013a; Crast et al. 2014) and in zoos (Marriner and
Drickamer 1994). In comparison with those that were mother-reared, nursery-reared
monkeys and chimpanzees were more likely to exhibit behaviors such as clasping,
digit sucking, rocking, repetitive movements, and self-biting (Dienske and Griffin
1978; Snyder et al. 1984; Maki et al. 1993; Lutz et al. 2007; Rommeck et al. 2009;
Gottlieb et al. 2013a; Fig. 1). In one study, self-biting began as early as 32 days of
age (Rommeck et al. 2009). However, rearing does not influence all abnormal
behavior in the same way. For example, chimpanzees that were not mother-reared
showed elevated levels of many abnormal behaviors, but not coprophagy, which was
seen at higher levels in mother-reared chimpanzees and may be a socially learned
behavior (Jacobson et al. 2016).

There are also differences in behavioral and physiological outcomes between
nursery rearing conditions. For example, in rhesus monkeys, peer-only rearing
(housed together 24 h per day) resulted in less self-biting and floating limb behavior
than did surrogate-peer rearing (housed with an artificial surrogate, but given daily
contact with other infants; Lutz et al. 2007; Rommeck et al. 2009), but it also resulted
in greater amounts of partner clinging (Rommeck et al. 2009). Peer-only-reared
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infants also showed heightened anxiety and physiological responses to a relocation
stressor (Dettmer et al. 2012).

2.4.3 Later Environmental Restriction
Individual or restrictive housing later in life can also promote the expression of
abnormal behavior such as motor stereotypies, self-directed behavior, and self-
injurious behavior (Lutz et al. 2003, 2014; Gottlieb et al. 2013a; Crast et al. 2014).
In a survey of 630 zoo primates, 40% of the animals housed alone, 5% of paired
animals, and none of the animals housed in groups of four or more exhibited
abnormal behavior (Trollope 1977). Similarly, singly housed rhesus monkeys
exhibited a greater frequency of abnormal behavior than did socially housed animals
(Bayne et al. 1992b) and they expressed more motor stereotypy than did pair-housed
animals (Gottlieb et al. 2013a). Young adult rhesus monkeys separated from their
family group and subsequently housed singly also exhibited higher levels of stereo-
typy and self-clasping than those that were separated but housed with familiar
subjects (Suomi et al. 1975). The younger an animal is when first singly housed
and the greater the proportion of the early years (i.e., the first 4 years) housed singly,
the more likely it is to display abnormal behavior (Bellanca and Crockett 2002; Lutz
et al. 2003, 2014). Restrictions such as indoor housing can also play a role in the
development of abnormal behavior. For example, stereotyped behavior increased
when chimpanzees were singly housed indoors (Brent et al. 1989). Similarly, in
rhesus macaques, the greater the proportion of an individual’s life spent indoors

Fig. 1 Mother rearing and social housing help to prevent abnormal behavior. Photo courtesy of
Texas Biomedical Research Institute
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and/or singly housed, the greater the risk of motor stereotypy (Vandeleest et al.
2011), and stereotypies and self-biting were reduced for every year an animal spent
outdoors (Gottlieb et al. 2013a).

2.4.4 Stress Due to Clinical Procedures, Human Activity,
and Husbandry

In some situations, potentially stressful environmental factors such as routine hus-
bandry, clinical procedures, or human activity may play a role in the development or
maintenance of abnormal behavior (Coleman et al. 2022). For example, routine
clinical procedures such as anesthesia events and blood draws were associated with
an increase in stereotypies and self-injury (Lutz et al. 2003; Vandeleest et al. 2011).
However, this effect was not detected in all animals (Bellanca and Crockett 2002;
Crast et al. 2014). Human activity, such as visitors at a zoo, can result in increased
levels of abnormal behavior (black-capped capuchins [Cebus apella], Sherwen et al.
2015; gorillas [Gorilla gorilla], Blaney and Wells 2004; Wells 2005; lion-tailed
macaques [Macaca silenus], Mallapur et al. 2005; spider monkeys [Ateles geoffroyi],
Davis et al. 2005; several species, Chamove et al. 1988). Even alterations in routine
husbandry procedures, such as feeding, were associated with stereotypies. For
example, stereotyped behavior in stump-tailed macaques was prolonged when
feeding time was delayed (Waitt and Buchanan-Smith 2001), and rhesus macaques
were less likely to perform stereotypies when feeding time was made more predict-
able (Gottlieb et al. 2013b). However, in chimpanzees, levels of abnormal behavior
(primarily coprophagy) were highest under a predictable feeding schedule
(Bloomsmith and Lambeth 1995), suggesting that not all animals or all abnormal
behaviors respond equally to environmental influences.

Simple location changes can also impact behavior. For example, the number of
cage relocations showed a significant positive relationship with self-injurious behav-
ior in rhesus macaques (Rommeck et al. 2009) and motor stereotyped behavior
increased by 3% for each relocation to a new room (Gottlieb et al. 2013a). Similarly,
rhesus monkeys that experienced a higher number of pair separations exhibited
higher rates of motor stereotypy and self-biting (Gottlieb et al. 2013a). Self-biting
behavior in adult male rhesus macaques also increased from pre-move to post-move
and remained elevated for up to one year later. The levels of salivary, serum, and hair
cortisol (measures of stress) were also elevated post-move (Davenport et al. 2008).
Even prior to moving, cage location can impact the animal’s behavior. For example,
motor stereotypy and self-biting were lower in cages further away from the entrance
to the room and also lower in cages that were located on the top rack (Gottlieb et al.
2013a).

2.5 Intrinsic Effects

The environment does not impact behavior in isolation; it works in concert with
other factors such as the animal’s genetics and personality as well as age and sex.
Although it is important to identify risk factors for abnormal behavior to determine
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appropriate management practices, comparing the prevalence of abnormal behavior
across facilities may be confounded by intrinsic factors and their interactions with
environmental experiences.

2.6 Species

Not all animals similarly reared or housed develop abnormal behavior; abnormal
behavior can differ in frequency both across and within a species. For example,
prosimians in the genera Varecia and Microcebus were more likely to exhibit
stereotypies than were those of other genera (Tarou et al. 2005). Similarly, when
comparing genera of Old World monkeys, macaques exhibited an overall higher
level of abnormal behavior and different patterns of abnormal behavior than did
baboons (Lutz 2018). Within the genus Macaca, rhesus infants reared in isolation
had more than double the probability of abnormal behavior when compared to
similarly reared pigtail infants (Macaca nemestrina; Sackett et al. 1976)

2.7 Temperament

An individual’s temperament or personality can also play a role in the display of
abnormal behavior. For example, rhesus monkeys scoring low on gentle tempera-
ment, high on activity during a human intruder challenge, and high on levels of
contact with novel objects were more likely to exhibit motor stereotypy (Gottlieb
et al. 2013a). In another study, scoring high on gentle and nervous temperament was
a risk factor for motor stereotypy, but only in indoor-reared monkeys (Vandeleest
et al. 2011). Such differences in abnormal behavior may have a genetic component
(Tiefenbacher et al. 2005b; Chen et al. 2010). For a review of the links between
personality and welfare, see Robinson and Weiss (2022).

2.8 Age

Age can play a role in the types and frequencies of abnormal behavior, in part due to
the stage of the animal’s physical development and the animal’s current behavioral
repertoire (Mason 1993). For example, in a survey of nonhuman primates housed in
zoos, infants and juveniles were reported to have fewer behavioral abnormalities
than were subadults and adults (Trollope 1977). In addition, younger animals tended
to exhibit more active abnormal behaviors such as pacing, body flipping, and
swinging, while older animals tended to exhibit more sedentary or self-directed
abnormal behaviors such as eye poking, hair pulling, and self-injurious behavior
(Lutz et al. 2003; Gottlieb et al. 2013a). In rhesus monkeys reared in partial isolation,
self-sucking and self-grasping decreased with age, while chewing orality and self-
biting increased with age (Cross and Harlow 1965; Suomi et al. 1971). Nursery-
reared chimpanzees showed a decline in rocking with age, but the very youngest of
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the chimpanzees (less than 6 weeks of age) did not display this behavior, possibly
due to motor immaturity (Pazol and Bloomsmith 1993). However, age did not have a
reported effect on abnormal behavior in all studies (Hook et al. 2002; Tarou et al.
2005; Birkett and Newton-Fisher 2011).

2.9 Sex

The relationship between sex and levels of abnormal behavior is complex. Although
one study of eight zoo primate species including prosimians, monkeys, and apes
reported no overall sex difference in abnormal behavior (Marriner and Drickamer
1994), other studies reported sex differences that varied by species and behavior
category. For example, in rhesus macaques, males were more likely to exhibit
abnormal behavior than were females (Cross and Harlow 1965; Suomi et al. 1971;
Gluck and Sackett 1974; Novak et al. 2002; Lutz et al. 2003; Rommeck et al. 2009;
Vandeleest et al. 2011; Gottlieb et al. 2013a). However, some studies of macaques
also reported no sex difference in either a few behaviors (e.g., salute, digit suck; Lutz
et al. 2003) or all recorded behaviors (Hook et al. 2002). In baboons, males also
exhibited higher overall levels of abnormal behavior than did females (Brent and
Hughes 1997). When the behavioral categories were assessed separately, male
baboons exhibited higher levels of abnormal appetitive behavior (e.g., coprophagy,
hair eating, regurgitating), but there was no sex difference in other behavioral
categories (Lutz et al. 2014). In contrast, chimpanzee and sooty mangabey females
were more likely to exhibit higher overall levels of abnormal behavior than were
males (Hook et al. 2002; Crast et al. 2014; Jacobson et al. 2016). However, in
chimpanzees, the level also varied by behavior. For example, female chimpanzees
showed a higher prevalence of coprophagy and self-clinging, while males showed a
higher prevalence of rocking (Fritz et al. 1992; Nash et al. 1999; Jacobson et al.
2016). Although sex differences in abnormal behavior can occur across species, the
reason for these differences remains unclear.

3 The Function of Abnormal Behavior

Abnormal behavior is typically defined as having no obvious purpose or function
(Mason and Latham 2004). In some cases, abnormal behavior may be considered to
be maladaptive, interfering with normal activities or biological functions or resulting
in injury (Novak et al. 2012). In other cases, abnormal or stereotypic behavior may
indicate a coping strategy utilized to reduce stress (Mason and Latham 2004; Novak
et al. 2012). Alternatively, abnormal behavior may simply be acquired through
social learning (Nash et al. 1999; Hook et al. 2002; Less et al. 2013; Hopper et al.
2016). Lastly, abnormal behavior may in some cases be unrelated to stress (Rushen
1993), affected by changes in brain chemistry or morphology (Kraemer and Clarke
1990; Tiefenbacher et al. 2005b), and/or may simply be an automatic behavior that
persists long after the initial trigger has ended (Mason and Latham 2004).
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3.1 Maladaptive

Abnormal behavior may have no function and may instead be a maladaptive
response to poor physical and/or psychological well-being (Novak et al. 2012).
The behavior could be due to a clinical condition or illness, with behaviors such as
pacing and self-biting occurring as the result of pain or discomfort (Bourgeois et al.
2007). Such conditions can often be treated with medication or other methods of
clinical care. Alternatively, the behavior could be associated with psychopathology.
The “integrated developmental-neurochemical hypothesis” is one explanation for
these behaviors. It proposes that adverse early experience and later stressors result in
alterations in neurological systems. The subsequent dysregulation of these systems
contributes to episodes of anxiety, leading to abnormal behavior (Tiefenbacher et al.
2005c). Abnormal behavior associated with psychopathology can be treated by
environmental changes (e.g., socialization or enrichment) or pharmacotherapy, but
is typically not eliminated (Novak 2003).

3.2 Coping Hypothesis

The presence of abnormal behavior may also be indicative of a coping strategy and
performed in response to environmental deficits. Abnormal behavior may be used to
either reduce or increase arousal (Mason 1991) and may be viewed as a U-shaped
curve, increasing in both impoverished and overstimulating environments
(Anderson and Chamove 1981). On one end of this curve, repetitive abnormal
behavior may be a form of self-stimulation (Berkson 1983) or “do-it-yourself
enrichments” (Mason and Latham 2004, p. S60). On the other end of this curve,
repetitive abnormal behavior may be used to reduce arousal, as demonstrated
physiologically in several studies (Soussignan and Koch 1985; Novak 2003;
Major et al. 2009; Pomerantz et al. 2012). It could be argued that it is counterpro-
ductive to attempt to thwart abnormal behaviors that lack deleterious impacts on
health. However, for behaviors that result in injury or other health problems, the fact
that they may serve some anxiety-relieving function does not obviate vigorous
intervention. If animals do not exhibit abnormal behavior, it is not clear as to whether
they are not coping or simply not stressed (Rushen 1984). To avoid circular
reasoning (e.g., the environment is assumed to be nonstimulating because the
behavior occurs), the level of stimulation needs to be defined separately and not
based on the amount of stereotyped behavior the individual performs (Baumeister
and Rollings 1976).

4 Using Abnormal Behaviors to Measure Welfare

Most forms of abnormal behaviors are robust indicators of past or current poor
welfare and therefore cannot necessarily be taken as a signal of poor welfare at the
time of performance. As discussed above, some abnormal behaviors may function to
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reduce stress. It is when abnormal behavior cannot satisfy a motivation that it is more
clearly linked to frustration and poor welfare. Also, some abnormal behaviors appear
to be learned, and differ from other abnormal behaviors in risk factors and correlate
with poor environments. However, abnormal behaviors are clearly deleterious when
they compete with or prevent the expression of beneficial normal behavior (such as
social interaction), are associated with signs of distress, or impose pain and health
issues. Although abnormal behavior should not be indiscriminately associated with
poor welfare in an animal, it is clear that abnormal behavior is an invaluable measure
for refining behavioral management practices.

5 Interventions for Abnormal Behavior

5.1 Social Housing

The absence of companions, even in adulthood, has been shown to be a strong
predictor for the development of aberrant behavior in macaques and chimpanzees
(Bayne et al. 1992a; Nash et al. 1999; Bellanca and Crockett 2002; Lutz et al. 2003;
Rommeck et al. 2009; Gottlieb et al. 2013a, 2015). Social housing is therefore one of
the most effective interventions for abnormal behavior. Housing with a social partner
can be unpredictable, stimulates the senses, and is less likely to produce habituation
than are other types of enrichment (Novak and Suomi 1991). Simply moving
individuals from single housing to pair housing reduced abnormal behavior in rhesus
macaques (Weed et al. 2003; Baker et al. 2012a). However, this finding is not
consistently observed among male rhesus macaques; a smaller magnitude of reduc-
tion was seen in one study (Baker et al. 2012a) and the reduction did not persist in
another (Doyle et al. 2008). Furthermore, no change was observed in a third study
(Baker et al. 2014). However, behavioral benefits in terms of reduced anxiety and
increased activity were consistently seen among males in these studies. Unlike in
macaques, pair housing does not appear sufficient to alter levels of abnormal
behavior in common chimpanzees (Baker 1996); a larger social environment may
be required if abnormal behavior is to be reduced in this species. Another interesting
species difference has been seen between rhesus and long-tailed macaques (Macaca
fascicularis). In caged rhesus macaques, higher levels of abnormal behavior were
seen with partial social contact (i.e., interacting through partitions) in comparison
with full contact in both sexes (Baker et al. 2012b, 2014); however, this partial social
restriction was not associated with higher levels of abnormal behavior in female
long-tailed macaques (Baker et al. 2012b).

5.2 Inanimate Enrichment

Enriching the environment by adding toys, structures, and foraging devices is one
means of promoting species-typical behavior and reducing abnormal behavior in
nonhuman primates. However, the effectiveness of enrichment can vary depending
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on the species, the individual’s history, the type of abnormal behavior, and the
enrichment type (Lutz and Novak 2005). The provisioning of manipulable items,
such as PVC tubes and chew toys, has been shown to decrease abnormal behavior in
numerous primate species including macaques, baboons, capuchins, and
chimpanzees (Brent et al. 1989; Brent and Belik 1997; Kessel and Brent 1998;
Boinski et al. 1999). However, reductions in abnormal behavior did not occur in all
cases (Schapiro and Bloomsmith 1995), and Line et al. (1991) showed no relation-
ship between toy use and abnormal stereotyped behavior in rhesus monkeys. One
beneficial use of a chew toy was reported in a laboratory baboon with self-injurious
behavior; the self-biting was redirected away from the body and onto the toy
(Crockett and Gough 2002). However, other animals simply incorporated the toy
into their pacing or biting rituals (Bayne 1989; Anderson and Stoppa 1991). Habitu-
ation to toys can also occur, though rotation of toys may help to maintain novelty
(Paquette and Prescott 1988; Bloomsmith et al. 1990; Brent and Eichberg 1991; Line
et al. 1991; Fig. 2).

The use of forage in devices or in a substrate has also been shown to reduce
abnormal behavior. Providing animals with an opportunity to forage in wood chips,
alfalfa, or straw (Chamove et al. 1982, 1984; Baker 1997; Boinski et al. 1999) or via
foraging devices, such as fleece boards, puzzle feeders, or turf boards (Maki et al.
1989; Bayne et al. 1991, 1992a; Lam et al. 1991; Roberts et al. 1999), resulted in
significant reductions in abnormal behavior in nonhuman primates. However,
although abnormal behavior was shown to decrease as foraging behavior increased
(Bayne et al. 1991, 1992a), foraging opportunities did not decrease abnormal

Fig. 2 Enriching the
environment is one means of
promoting species-typical
behavior. Photo courtesy of
Texas Biomedical Research
Institute
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behavior in all animals (Brent and Eichberg 1991; Byrne and Suomi 1991; Lutz and
Farrow 1996; Fekete et al. 2000) and often the behavior was reduced only when the
animals were working to extract the food (Novak et al. 1998), suggesting that there is
not always a carryover effect (i.e., outside of the session).

One reason for the variable behavioral responses to enrichment may be individual
differences in usage (Bloomstrand et al. 1986). For example, toys may be less
effective with older animals (Line et al. 1991) or with older stereotypies, which
can be more resistant to change (Mason 1991). Different types of abnormal
behaviors can also respond to enrichment in different ways. Devices such as chew
toys, mirrors, and foraging devices help reduce less severe forms of abnormal
behavior such as motor stereotypies, but they are not as effective in reducing the
more severe forms such as self-injurious behavior (Novak et al. 1998; Rommeck
et al. 2009). Moreover, environmental enrichment may aid in the reduction in many
types of abnormal behavior, but the behavior is typically not eliminated.

5.3 Increased Cage Size

Although there are legal requirements for minimum cage size for nonhuman
primates (U.S. Department of Agriculture 2013), cages larger than the minimum
standards are often provided. Studies assessing the effect of cage size on abnormal
behavior have varying results, which may be due in part to the confounding effect of
a change in cage location along with an increase in cage size. For example, animals
may be moved from small indoor cages to larger outdoor cages. In this example,
improvements in behavior may not be due exclusively to cage size, but also to the
environment outside of the cage. The range of cage sizes evaluated also can vary
across studies, making direct comparisons difficult. However, in general, it appears
that small increases in cage size have a lesser impact on behavior than significant
increases in cage size. Relatively small increases in cage size generally have been
shown to have negligible effects on abnormal behavior (Line et al. 1990; Crockett
and Bowden 1994; Crockett et al. 1995), and in one study, some abnormal behaviors
actually increased in the slightly larger cage (Bayne and McCully 1989). However,
motor stereotypies were shown to significantly decrease in common marmosets
when they were placed in a cage with more vertical space (Kitchen and Martin
1996).

Larger increases in cage size appear to have a greater impact on abnormal
behavior. For example, in rhesus monkeys, housing in a significantly larger cage
(e.g., over 100 times larger) resulted in virtually no stereotypies (Draper and
Bernstein 1963). Similarly, a sixfold increase in cage size resulted in decreased
levels of stereotyped abnormal behaviors; however, other types of abnormal behav-
ior, such as eye poke (“salute”) or self-biting, were not affected by cage size (Paulk
et al. 1977). In one study, singly housed rhesus monkeys were moved from pens into
smaller cages located within the pens to avoid a location change confound. Although
this alteration in cage size did not result in a change in abnormal behavior, levels of
tension-related behavior (e.g., threat, yawn, scratch, cage shake, and aggression)
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were lower in the larger pen (Kaufman et al. 2004). Additional alterations to
housing, such as the provisioning of a “play cage” or the addition of “porch”
space to the home cage, have also been shown to have an impact on abnormal
behavior. For example, temporary housing in a larger play cage resulted in a
reduction in abnormal behavior in macaque monkeys (Tustin et al. 1996; Griffis
et al. 2013), and providing additional space and visual opportunities via a “porch”
resulted in decreased feces painting in rhesus monkeys (Gottlieb et al. 2014).

5.4 Outdoor Housing

As with cage size, comparisons between outdoor and indoor housing are also
confounded. Animals housed outdoors tend to be in larger cages and housed in
larger groups than those housed indoors. However, research shows that outdoor
housing has a positive impact on behavior. Juvenile rhesus monkeys housed outside
showed reduced levels of self-mouthing in comparison with those that remained
indoors (O’Neill et al. 1991) and moving animals outdoors either singly or in groups
significantly reduced self-biting and self-directed stereotypies (Fontenot et al. 2006).
Being housed indoors is a risk factor for motor stereotypy (Vandeleest et al. 2011),
and mother-reared rhesus monkeys raised outdoors were significantly less likely to
exhibit self-injurious behavior than those similarly raised indoors (Rommeck et al.
2009; Fig. 3).

5.5 Positive Reinforcement Training

Positive reinforcement training (PRT), which consists of reinforcing animals with
rewards for exhibiting desired behavioral responses, has been evaluated as an
intervention for abnormal behavior. Much of the application of this technique has
been approached as case studies (a drill, Mandrillus leucophaeus, Desmond et al.

Fig. 3 Outdoor housing has a
positive impact on behavior.
Photo courtesy of Kathy West
Studios
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1987; a chimpanzee, Morgan et al. 1993; a gorilla,Gorilla gorilla, Leeds et al. 2016;
and an orangutan, Pongo pygmaeus, Raper et al. 2002) sometimes in conjunction
with other attempted interventions such as drug therapy and environmental enrich-
ment (chimpanzee; Bourgeois et al. 2007). Results have been mixed; carryover
effects or persistent effects after treatment may not be seen in many species.
However, a study of carryover effects in rhesus macaques detected benefits of
PRT outside of training sessions, but only for individuals with high levels of
abnormal behavior (Baker et al. 2009).

5.6 Drug Therapy

Because of the possible physiological and behavioral effects of psychoactive drugs,
pharmacotherapy is generally a method of last resort for treating abnormal behavior
(McKinney et al. 1980). Pharmacotherapy is therefore typically used to treat only the
more severe forms of abnormal behavior, such as self-biting and self-injury. A wide
variety of drug therapies have been utilized to treat abnormal behavior, ranging from
L-tryptophan (a serotonin precursor), to fluoxetine (a selective serotonin reuptake
inhibitor), to cyproterone acetate (a synthetic steroid), and to naltrexone (an opioid
antagonist; Weld et al. 1998; Eaton et al. 1999; Macy et al. 2000; Fontenot et al.
2005; Crockett et al. 2007; McCoy et al. 2009; Kempf et al. 2012; Freeman et al.
2015). The number of drug therapies utilized to treat abnormal behavior is indicative
of the number of routes through which abnormal behavior can develop and/or be
maintained. For example, in a study testing diazepam as a treatment for self-injurious
behavior, half of the subjects responded to the treatment while half did not,
suggesting that there may be subtypes of animals that respond to treatments differ-
entially (Tiefenbacher et al. 2005a). Given the different behavioral profiles and
responses to treatment, therapeutic strategies will likely need to be tailored to
individual animals rather than behavioral categories. In addition, the long-term
effects of pharmacotherapy have not been thoroughly examined. Additional research
is warranted to further investigate the efficacy of pharmacotherapy as a treatment for
abnormal behavior.

6 Anxiety-Related Behavior

Well-being is of course conceptualized across more than the normal/abnormal axis.
In practice, considerable attention is paid to preventing the development of or
reducing levels of abnormal behavior. However, to address multiple facets of well-
being, it is important to look beyond the expression of abnormal behaviors. An
individual’s ability to cope with stressors and the absence of distress both figure into
many definitions of welfare. Animals may experience distress if their ability to cope
with the environment exceeds their adaptive capacity due to the severity or fre-
quency of a stressor. Distress has been proposed as the most salient factor in defining
welfare in that it is less subjective than other concepts (Moberg 1985). Fortunately,
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there are many behaviors that can be used to measure distress in a more reliable way
than some abnormal behaviors.

6.1 Behavioral Measures of Anxiety

There is a constellation of normal forms of self-directed behaviors that allow us to
measure negative emotional states, such as anxiety, fear, conflict, and frustration,
associated with aversive events (reviewed in Maestripieri et al. 1992). It has been
established through behavioral and pharmacological studies that self-directed behav-
ior (principally scratching, self-grooming, yawning, and body shaking) is related to
anxiety (Fig. 4). For example, levels of anxiety-related behaviors increase with risk
of attack, or following an attack (Troisi and Schino 1987; Aureli and van Schaik
1991; Aureli 1992, 1997; Baker and Aureli 1997; Castles and Whiten 1998). These
indices of anxiety have been pharmacologically validated in a dose-dependent
fashion using anxiolytic and anxiogenic medications (Ninan et al. 1982; Insel
et al. 1984; Crawley 1985; Schino et al. 1991, 1996; Maestripieri et al. 1991).
Anxiety-related behaviors are often (Watson et al. 1999; Ulyan et al. 2006), though
not always (Peel et al. 2005), seemingly dissociated from activation of the
hypothalamic–pituitary–adrenal (HPA) axis. This could be taken to undermine the
validity of self-directed behaviors as accurate metrics of stress. However, there are a

Fig. 4 Self-grooming can be
an expression of normal self-
maintenance or an expression
of anxiety. Photo courtesy of
Texas Biomedical Research
Institute
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variety of potential explanations for this dissociation of anxiety-related behaviors
and HPA measures. For example, there are the methodological difficulties of age
effects, the diurnal effects on cortisol, and short-term cortisol increases in association
with capture for sampling. It is also possible that self-directed behaviors may reduce
anxiety in the same way as stereotypic abnormal behavior.

In addition to self-directed behaviors, other behaviors are used to infer anxiety,
some perhaps better characterized as an expression of fear, i.e., a reaction to a
threatening stimulus rather than a prolonged state of distress, including outside of
the presence of the stimulus. Expressions of fear are salient measures of welfare and
are often incorporated as measures of anxiety. These behaviors have not been
validated in the same manner as self-directed behaviors, but are commonly observed
in the wild in response to danger. Such behaviors are species-appropriate and are
used as measures in the scientific literature. Examples include vocalizations and
facial expressions (e.g., Barros and Tomaz 2002; Kalin 2004; Rogers et al. 2008;
Coleman et al. 2011; Corcoran et al. 2012), freezing (Costall et al. 1992; Kalin et al.
1998), aggression directed toward humans (e.g., Coleman et al. 2003; Baker 2004;
Kinnally et al. 2010; Corcoran et al. 2012), and fleeing or withdrawing to the
maximal distance from the negative stimuli (Oler et al. 2009; Agustín-Pavón et al.
2012). Because these behaviors are so frequently employed as measures of anxiety,
and because both anxiety and fear represent negative emotional states associated
with aversive events, we will herein refer to both self-directed behaviors and fearful
behaviors as “anxiety behaviors.”

6.2 Testing Anxiety and Identifying the Anxious Phenotype

There are numerous strategies and tools for measuring anxiety (see Coleman and
Pierre 2014 and Gonzales et al. 2016 for review). Several tools have been used to
evoke anxiety by adding a negative stimulus to the environment. One commonly
used tool is the human intruder paradigm (Kalin and Shelton 1989, 2003). This test is
well represented in the applied behavioral management literature (for recent
examples, see Capitanio et al. 2017; Hamel et al. 2017; Peterson et al. 2017) and
is best conducted using an unfamiliar human “intruder” (Peterson et al. 2017). Other
techniques for eliciting anxiety include social separation (e.g., mother–infant
separations; McCormack et al. 2009), removal from familiar social groups (Miczek
et al. 1995; McKenzie-Quirk and Miczek 2008; Kato et al. 2014), and the presenta-
tion of aversive stimuli (e.g., noise: Antoniadis et al. 2009; Willette et al. 2011) or
neutral novel objects (Belzung and Le Pape 1994; McClintick and Grant 2016).

As with abnormal behavior, the nonhuman primate anxious phenotype appears to
arise from adverse rearing experiences, such as nursery rearing (Kraemer et al. 1989;
Higley et al. 1991; Suomi 1991; Dettmer et al. 2012) and mother-rearing paradigms
that disturb the mother–infant relationship, whether induced (e.g., Coplan et al.
1998) or naturally occurring (e.g., variations in maternal care: McCormack et al.
2009). It also has clear genetic underpinnings, influenced by polymorphisms in the
serotonin transporter (5HTTLPR) and monoamine oxidase A (MAOA-LPR) genes,
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as well as interactions between genetics and experience (Bennett et al. 2002; Spinelli
et al. 2007; McCormack et al. 2009; Karere et al. 2009; Santangelo et al. 2016). This
body of research is particularly useful for behavioral management in that it can aid in
identifying the most vulnerable individuals.

6.3 Using Anxiety Behaviors to Measure Welfare

Although the presence of abnormal behavior is a strong indicator of impaired well-
being, anxiety- and fear-related behaviors are also salient measures of welfare. For
one, they provide a ubiquitous signal associated with well-being. Certain
populations, such as those in large naturalistic and socially rich environments, may
contain few individuals that express abnormal behavior, but all individuals therein
will express species-appropriate anxiety- and fear-related behaviors. Second, using
these behaviors to measure well-being may allow for early identification of
individuals that need specialized management or intervention before species-
inappropriate and sometimes physically damaging behaviors develop (Tiefenbacher
et al. 2005c; Major et al. 2009; Vandeleest et al. 2011). Third, anxiety- and fear-
related behaviors are indicators of current experience and may be more relevant to
the present environment than is abnormal behavior, which may be an indicator of
past welfare (Mason and Latham 2004).

Using anxious and fearful behaviors for measuring well-being is significantly
different from using abnormal behavior. As species-appropriate behaviors, they are
evolved responses and part of adaptation. It is also important to realize that particu-
larly when measuring anxiety in the home environment and not in the context of
experimentally applied stressors, self-directed behaviors may be performed as part of
normal self-maintenance or social regulation (but see Baker and Aureli 1997).
However, the behaviors are phenotypically identical regardless of whether they are
performed as self-maintenance or as an expression of anxiety. Therefore, changes in
levels, as opposed to absolute levels of these behaviors, may be more relevant for
tracking welfare. Fear-related behaviors are likewise species-appropriate and cannot
be expected to be absent, but dysregulated responses are maladaptive. In addition,
measures that are social in nature and measured in person may be influenced by
factors such as the identity of or the degree of habituation to the observer.

Self-directed behaviors may also be provoked by fleeting emotional states that
have little impact on welfare. These behaviors may be provoked in circumstances
that are intrinsic to activities that one could argue are stimulating challenges, rather
than negative stressors. For example, self-directed behaviors were observed to
correlate with errors or escalating difficulty during computerized tasks (Itakura
1993; Leavens et al. 2001, 2004; Yamanashi and Matsuzawa 2010; Wagner et al.
2016; but see Herrelko et al. 2012). Thus, computerized testing may incite transient
stress associated with challenge and control, two features strongly associated with
welfare. Such a situation may be a good example of “eustress,” a term introduced by
Selye (1976). In fact, the expression of self-directed behaviors during positive
arousal (reviewed in Neal and Caine 2016) suggests that they may sometimes be
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associated with excitement rather than anxiety (Frankenhaeuser 1982). In addition,
behaviors may not map onto emotional experience in the same manner in all primate
species. For example, unlike scratching in macaques and chimpanzees, scratching in
marmosets was found to be expressed at lower levels in anxiety-provoking contexts
(Neal and Caine 2016).

6.4 Anxiety Behaviors and Welfare-Related Studies

Although there are complexities involved in relating anxiety behaviors to emotional
states that contribute to poor well-being, this association is commonly used in the
applied literature for evaluating environments and measuring welfare. While not
utilized as a measure of welfare as pervasively as abnormal behavior, anxiety
behavior has been employed in multiple zoological and laboratory studies. Most
commonly, these studies rely on spontaneous, as opposed to provoked, behavior.
Although an extensive literature review including negative findings exceeds the
scope of this chapter, anxiety behaviors have provided insights into many aspects
of behavioral management and captive care.

Anxiety behaviors in great apes have frequently been used to detect the negative
impact of humans, including zoo visitors (reviewed in Hosey 2000; see also Wells
2005; Carder and Semple 2008; Clark 2011; Amrein et al. 2014; Bonnie et al. 2016;
Hosey 2022; Baker and Farmer 2022). Reduced anxiety can be garnered from
interaction with familiar caregivers or trainers in a zoo (Pomerantz and Terkel
2009; Chelluri et al. 2013). Aspects of enclosure design and social housing have
been evaluated with respect to their effect on anxiety behaviors. For example,
providing additional space and environmental complexity has been shown to reduce
anxiety-related behaviors in singly housed rhesus macaques (Griffis et al. 2013) and
zoo exhibit designs permitting fission–fusion grouping reduced stress in orangutans
(Amrein et al. 2014). Levels of anxiety-related behaviors have also been shown to
vary between single housing and social housing (Baker 1996; Doyle et al. 2008;
Gilbert and Baker 2011; Baker et al. 2012a, 2014). A variety of inanimate
enrichments ranging from simple toys, to foraging, to complex cognitive enrich-
ment, have been found to influence anxiety behavior. For example, providing
foraging boxes and additional toys to singly housed capuchins resulted in a reduction
in anxiety-related behavior (Boinski et al. 1999), and providing opportunities to
forage in bedding reduced anxiety in socially housed chimpanzees (Baker 1997).
Many events that occur in the captive environment have been shown to provoke
anxiety. Anxiety behaviors increase in response to relocation (Dettmer et al. 2012)
and are elicited by common laboratory procedures, both intrinsically aversive (e.g.,
capture and research procedures: Clarke et al. 1988; Balcombe et al. 2004; Cagni
et al. 2009) and nonaversive (e.g., feeding: Waitt and Buchanan-Smith 2001).
Anxiety responses in singly housed macaques have also been shown in response
to positive but unpredictable events such as feeding and enrichment distribution, but
increased predictability ameliorates these responses (Gottlieb et al. 2013b).
However, predictability of feeding was not found to influence anxiety behavior in
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group-housed chimpanzees (Bloomsmith and Lambeth 1995). Welfare impacts of
behavioral or cognitive testing have also been evaluated in several species. Volun-
tary removal from social groups for testing was not found to result in increased
anxiety upon return to the social group in either capuchins (Ruby and Buchanan-
Smith 2015) or crested macaques (Macaca nigra; Whitehouse et al. 2013), and
levels of anxiety behavior fell in group-housed Guinea baboons (Papio papio) in
association with cognitive testing (Fagot et al. 2014).

7 Measures of Good Welfare

Much of the scientific welfare literature and regulatory approaches to psychological
well-being stress the amelioration of behaviors indicative of poor welfare. In fact,
among the “Five Freedoms,” all but one (freedom to express natural behavior) relate
to the absence of negative states. However, a pervasive view in behavioral manage-
ment is that environments should allow nonhuman primates to express a wide range
of their natural behavioral repertoire and to fill evolved behavioral needs (Carlstead
1996). Affective states relate to motivations that lead animals to perform essential
behaviors and can be employed as benchmarks for welfare. Positive emotional states
can be detected by correlating behavior with the physiological correlates in humans
and/or reactions to stimuli that are intrinsically rewarding (reviewed for multiple
taxa in Boissy et al. 2007). Examples of such natural behaviors include feeding and
some social behaviors such as grooming (Boccia et al. 1989; Aureli et al. 1999;
Aureli and Smucny 2000; Shutt et al. 2007) and play (see Ahloy-Dallaire et al. 2018
for a recent review). For example, it appears clear that social grooming is intrinsi-
cally rewarding and reduces stress (Boccia et al. 1989; Aureli et al. 1999; Aureli and
Smucny 2000; Shutt et al. 2007). Similarly, play is actively sought by primates,
suggesting a strong motivation, and therefore, the expression of play can be inferred
to be a positive experience. This suggestion is supported by studies exploring
pharmacological effects on the μ-opioid system (Schino and Troisi 1992; Loseth
et al. 2014). However, levels of play are not consistently related to less ambiguous
measures of welfare (e.g., increased grooming and decreased anxious or abnormal
behavior; Baker 1997; Blois-Heulin et al. 2015). This may be due to how the
function of play can shift over an individual’s development. Across taxa, play occurs
at relatively high levels in juveniles. It has long been posited that play allows
immature animals to learn and practice social/locomotor skills and develop quick
responses to changes in social or physical conditions (see Carpenter 1934; Jay 1965;
Southwick et al. 1965 for early examples). However, in adults, play may function to
reinforce social bonds and reduce tensions in stressful social situations
(Nieuwenhuijsen and de Waal 1982; Spijkerman et al. 1994; Palagi et al. 2006;
Videan and Fritz 2007; Ross et al. 2010; Norscia and Palagi 2011). Play therefore
may be best viewed as a mechanism for improving welfare rather than as an
unambiguous signal of good welfare. The appropriate use of play behavior as a
metric of welfare may vary with the type of play, species, and age.
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8 Species-Appropriate Behaviors as Benchmarks for Welfare

The view that environments supporting psychological well-being must meet evolved
behavioral needs leads to the use of observed species-appropriate behaviors as an
indicator of welfare (Markowitz and Spinelli 1986). This approach to measuring
welfare relies upon thorough knowledge of an individual species’ behavioral ecol-
ogy and social organization. At its simplest, behavior may be evaluated on a
presence-versus-absence basis. Is the animal able to perform the types of locomotion
commonly observed in that species? Is it able to interact appropriately with
conspecifics and employ evolved communication mechanisms (e.g., scent marking)?
Does it have opportunities to pursue species-appropriate foraging strategies? In
appropriate species, is it able to nest and pursue antipredator strategies such as
hiding or retreating upward?

While a valid underlying concept in measuring well-being, using the expression
of species normative behavior as indicators of welfare requires careful consideration
from a number of perspectives. First, one cannot assume that all behaviors, just
because they are natural, are associated with welfare as they may be performed in the
wild under conditions that reduce welfare (Veasey et al. 1996). Second, some
behaviors observed in the wild, such as regurgitation/reingestion and coprophagy
in chimpanzees (Krief et al. 2004; Sakamaki 2010; Bertolani and Pruetz 2011), are
typically classified as qualitatively abnormal but are in fact seen with some regularity
in the wild. They are therefore better characterized as quantitatively different, and
undesirable due to their potential negative health or social effects. Third, whether the
inability to perform a behavior in captivity impacts welfare depends upon whether
there is an underlying behavioral need (i.e., whether it is motivation-driven) as
opposed to merely being triggered by a stimulus (Stolba and Wood-Gush 1984).
As argued by Veasey et al. (1996), the absence of a particular behavior is not
necessarily a signal of poor welfare.

Another complexity in employing the expression of natural behavior as a hall-
mark of welfare arises when, rather than simply attending to presence or absence,
one quantifies behavior and attempts to replicate time budgets in the wild. However,
using levels of behavior in the wild as a yardstick against which captive behavior can
be measured is not straightforward given the within-species socioecological flexibil-
ity and variability, and the role of demographic variables and social dynamics (e.g.,
sex, age, and rank). There is no one species-appropriate level of any behavior. As an
underlying assumption, this framework for measuring welfare is also challenging in
that behavior in the wild is heavily influenced by unarguably negative conditions,
many of which are largely absent in captivity, including food scarcity, intergroup
fighting, and predation. The removal of these conditions may skew activity budgets
in captivity, but it is difficult to argue that this is an adverse behavioral change.

A strict use of wild behavior as a template for activity budgets reflecting good
welfare may limit options for effective behavioral management techniques. As one
example, pair housing is a common form of social housing for research subjects.
Pairs of male rhesus macaques have been found to affiliate at levels indistinguishable
from pairs of females (Baker et al. 2012a). However, in several macaque species,

Using Behavior to Assess Primate Welfare 191



adult males in the wild spend very little time engaged in affiliative behavior with one
another. While this pattern appears to vary with group size and presence of provi-
sioning, several long-term studies report no instances of male–male grooming
(reviewed in Hill 1994; Van Hooff and Hill 1994). Despite the level of grooming
observed in paired male macaques being “unnatural,” when social housing in larger
groups is not an option, it would be difficult to argue that pair housing is detrimental
and that single housing is preferable. Pairing programs for adult male macaques are
considered to promote psychological well-being, not only on the basis of affiliative
behavior being desirable and in its fulfillment of social needs, but also through the
use of other behavioral metrics.

9 Conclusions

In this chapter, we have outlined the utility of and challenges associated with
employing several categories of behaviors as welfare metrics. Given the difficulties
in defining welfare, using abnormal behaviors, anxiety behaviors, or species-
appropriate natural behaviors to measure well-being is no simple proposition.
Good welfare is supported by environments that provide an animal the opportunity
to express a range of species normative behaviors. However, many questions arise
from providing outlets for natural behavior which cannot be answered without the
use of other metrics of well-being, such as abnormal, anxiety behaviors, and others
that have been described in this volume. For example, social housing provides an
opportunity for expressing desirable behaviors, but it may also be accompanied by
the opportunity to express undesirable behaviors. Do these benefits outweigh the
risks of wounding and food monopolization? The expression of abnormal and
anxiety behaviors can help answer this question. Would thwarting the ability of
animals to perform an abnormal behavior benefit their welfare? Evaluating anxiety
could address this question. Is observed anxiety deriving from distress associated
with persistent social strife or from ephemeral challenge? Observing levels of natural
behavior can answer this question. How do we in behavioral management strike an
optimal balance between stimulation, frustration, achievement, and risk? As has
been suggested by many, the multidimensional aspect of welfare requires multi-
modal assessment including the behaviors discussed in this chapter and the measures
discussed in chapters by Bethell and Pfefferle (2022), Capitanio et al. (2022), and
Gartner (2022).
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Cognitive Bias Tasks: A New Set
of Approaches to Assess Welfare
in Nonhuman Primates

Emily J. Bethell and Dana Pfefferle

Abstract

At the start of the new millennium, the “cognitive bias” paradigm emerged as a
new approach to assessing animal emotion. In the animal welfare literature,
cognitive bias describes how emotions such as anxiety and depression are
associated with changes in the way the brain processes information. For example,
studies with humans have long demonstrated that anxious people are more
vigilant for negative cues and depressed people interpret the proverbial glass of
water as “half empty” rather than “half full.” In this chapter, we review how
methods developed to study cognitive bias in humans have been adapted to
measure the interaction between emotion and cognition in nonhuman primates.
We focus on judgment bias and attention bias tasks and discuss study design,
controls, confounds, and advantages and limitations of each. We also indicate
future research directions. This chapter is intended to introduce readers with little
or no experience of cognitive bias tasks to theory and practical considerations
around designing these tasks.
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1 The Potential of Cognitive Bias Tasks for Assessing
Nonhuman Primate Welfare

Evaluating the psychological component of welfare (“psychological well-being”) in
animals who cannot tell us directly about how they feel is a key challenge in animal
welfare research (Russell and Burch 1959; Dawkins 2017). Welfare researchers
commonly acknowledge that it is justifiable on ethical grounds to discuss the
potential for subjective experience in other species (e.g., Goodall 1986; de Waal
2006; Broom 2010; Panksepp 2011). However, scientific debate about the capacity
of animals to suffer has been limited by lack of quantifiable measures. Recent
developments in animal welfare science, borrowing theory and methods from the
field of human cognitive psychology, have resulted in the development of novel
measures of underlying emotional and cognitive processes, specifically, cognitive
biases (Harding et al. 2004). In humans, cognitive biases can be measured objec-
tively using experimental tasks in the laboratory. Studies have shown that cognitive
biases may occur outside of awareness and are reliably associated with people’s self-
reported (subjectively experienced) feelings (Mendl and Paul 2004; Mathews and
MacLeod 2005; Evans 2008). If these cognitive bias measures in humans are
associated with subjective experience, can cognitive bias methods provide a window
into the subjective worlds of other species?

Cognitive bias, in its broadest formulation, describes a tendency for the brain to
process information in a way that deviates from a presumed norm (Tversky and
Kahneman 1974). Applied to human and animal welfare, cognitive bias describes
the way in which changes in mood are associated with changes in cognitive
processes, i.e., what individuals look at, what they think about it, and how they
remember it (MacLeod et al. 1986; Mathews 1990; Williams et al. 1996; Bradley
et al. 1998; Clark 1999; Harding et al. 2004; Mendl et al. 2009; Bethell et al. 2012a).
This rapidly expanding field of research is grounded in evolutionary theory, draws
on earlier work in classical conditioning, and incorporates more recent methodolog-
ical developments from the biological and cognitive sciences (Mendl and Paul
2004). Current evidence shows that basic emotions (e.g., fear, anger, lust) are
common mechanisms that are essential for survival and reproduction across animal
taxa (LeDoux 1996; Panksepp 1998; Lang et al. 2000). Emotions are now consid-
ered central to a scientific understanding of human and animal cognition and
behavior; cognition cannot be studied without considering emotion, and vice versa
(LeDoux 1996; Crump et al. 2020; Lang et al. 2000; Seligman and Csikszentmihalyi
2000).

When terms are adopted from one literature to another, their definitions can
change. Used in the human literature, the term cognitive bias covers a broad range
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of contexts that do not necessarily imply a role of emotion. Tversky and Kahneman
(1974), for example, discussed cognitive biases in terms of how human brains in
general processes information, separate from (and without mention of) emotions. In
the animal welfare literature, the term is used to mean “emotion-mediated cognitive
bias.” From herein, we use the term cognitive bias broadly to cover a number of
experimental paradigms that assess the relationship between emotion and cognition.

Cognitive bias methods present a valuable approach to assessing animal welfare
because we already know so much about how cognitive biases manifest in humans
and their relationship with subjective well-being. In clinical studies, people suffering
with anxiety or depression exhibit different thought patterns to people who are not
anxious or depressed (Tversky and Kahneman 1974; Williams et al. 1996; Bar-Haim
et al. 2007; Yiend 2010). Anxious people are vigilant for negative information (e.g.,
they are faster at detecting an angry face in an array of smiling faces and look at such
faces for longer) compared with nonanxious people (Bar-Haim et al. 2007).
Depressed people tend to interpret ambiguous information more negatively and to
recall more negative past events than do nondepressed people (Mathews and
MacLeod 2005). Importantly, people are often not aware of emotional responses
to stimuli shown outside of awareness (e.g., when shown stimuli for such a short
amount of time that they cannot say what was shown), although they may demon-
strate a shift in their cognitive bias when tested on automated tasks and report a
general shift in their feeling state (Evans 2008). The relationship between emotions
and cognitive processes is therefore bidirectional. In essence, having negative
thoughts induces negative emotions that, in turn, induce negative thoughts, and
this becomes a feedback loop colloquially referred to as the “downward spiral” of
anxiety or depression.

The potential of cognitive bias tasks for assessing nonhuman primate welfare is
promising, but in these early days of the application of these methods, it is important
to ensure studies are well designed, definitions are clear, and that we take heed of
lessons from the human literature. Here, we present a summary of the current
methods used to study cognitive bias in nonhuman primates with a focus on study
design. We discuss limitations and indicate future research directions.

2 Cognitive Bias Tasks Explained: Design and Application

The adaptation of cognitive bias methods developed with humans for use with other
species has been rapid (Harding et al. 2004; Mendl et al. 2009; Panksepp 2014;
Bethell 2015; Dawkins 2017), and meta-analytical studies are now becoming possi-
ble (e.g., Neville et al. 2020). In the animal welfare literature, the terms “cognitive
bias” and “judgment bias” have been used interchangeably as a consequence of the
use of the term cognitive bias in the first study presenting what has now been termed
the judgment bias task (Harding et al. 2004). In this chapter, the experimental
paradigms we discuss under the umbrella term cognitive bias are judgment bias
tasks and attention bias tasks.
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3 Judgment Bias

3.1 What Is It?

Judgment bias describes the way in which changes in emotional state, or mood, are
associated with changes in judgments individuals make about ambiguous informa-
tion (Mathews and MacLeod 2005). Consider a day when you are in a good mood
and compare it to a day when you are in a bad mood. On your “good mood” day, you
are more likely to make positive judgments about otherwise ambiguous events
(an odd comment from a work colleague or email from a stranger) than you would
on a “bad mood” day. The judgment bias paradigm tests for similar changes in
judgments about ambiguous events in animals. In a recent review (Bethell 2015),
64 studies of judgment bias across taxa were identified, overall highlighting the
suitability of the paradigm for use across species and contexts.

3.2 Method: The Basics

For the judgment bias task, simple operant conditioning is used to train the subjects
that one cue (e.g., a particular color such as black) signals a reward if they make
response “A,” while a different cue (e.g., color white) signals low-reward,
nonreward or punishment if, or unless, the subject performs response “B.” We
therefore have two responses, “A” and “B,” which reflect whether our subject
expects reward or not. Typically, response “A” is a “Go” response (e.g., approach
to touch the black cue) and response “B” is a “No Go” (e.g., do not approach or
touch the white cue). Cues intermediate in form to the learned cues (e.g., intermedi-
ate shades of gray) are then presented. To assess whether animals have a more
positive or negative judgment bias, we calculate the proportion of “A” responses
(e.g., “Go”) made to the intermediate cues. A greater proportion of “A” responses
indicates a more positive judgment bias.

3.3 Examples of Application for Measuring Primate Welfare

Since Harding et al.’s (2004) seminal paper that described the development of the
judgment bias task with rats, the judgment bias task has been adapted to assess
welfare in a range of nonhuman primates (marmosets: Gordon and Rogers 2015;
capuchins: Pomerantz et al. 2012; Schino et al. 2016; macaques: Bethell et al. 2012a;
McGuire et al. 2017 and chimpanzees, Bateson and Nettle 2015). We describe them
here as examples of the different experimental designs and applications.

Currently, two designs of the judgment bias task have been used with nonhuman
primates, i.e., the “Go-No Go” discrimination task and the “active choice” task. The
“Go-No Go” discrimination task is the classic judgment bias paradigm in which one
cue is presented on each trial. By contrast, the active choice task requires participants

210 E. J. Bethell and D. Pfefferle



to choose one of two cues presented at the same time. Cues may vary in
characteristics such as size, color, or location. Suitable cue types should be deter-
mined by pilot work as to which cues a given species can discriminate with good
accuracy (we recommend >80%).

(a) The Classic Task: “Go-No Go”—Size Cues
The first study to apply the judgment bias paradigm to nonhuman primates was
by Bethell et al. (2012a). In this study, we created a visual analog of the original
auditory judgment bias “Go-No Go” task by Harding et al. (2004; Fig. 1). We
first trained 12 adult male rhesus macaques (Macaca mulatta), who were naïve
to cognitive testing, to touch a line presented on a touch screen to gain a reward.
This required shaping monkeys’ responses from initially reaching toward the
screen to touching the exact location of a stimulus shown on the screen. First, we
habituated monkeys to the apparatus by covering an old (sacrificial) computer
monitor with honey and leaves and allowing monkeys to feed freely on these
food items. Touches anywhere on the screen were rewarded with a secondary
reinforcing tone and delivery of a food pellet into a tray in front of the monkey,
both of which were manually triggered by the experimenter sitting in an adjacent
room and watching progress via a live video link. Once a monkey was reliably
retrieving leaves from the monitor, we connected the monitor to a laptop and
introduced a white square that appeared at random locations on the screen.
When the monkey now touched the screen to retrieve a leaf around the location
of the white square, the reinforcing tone and pellet were delivered. Over
successive days, depending on each monkey’s rate of progress, we reduced
the amount of honey and leaves until none was required for a monkey to touch
the screen, and only touches at the exact location of the white square were
rewarded. Likewise, we reduced the duration the white square remained on the
screen from several minutes to several seconds. Touches were reinforced on
100% of touches with the tone and on 30–50% of touches with a food pellet.
Once the monkey was touching the white square on the monitor for pellets, we
introduced the automated touch screen and, following a period of habituation to
the new screen, the monkey was ready for cognitive bias testing.

Once monkeys had learned to work with the touch screen, we began training
on the judgment bias discrimination task. During training, monkeys were shown
a single yellow line on the screen for 2 s on each trial, for 62 trials per day. Two
training stimuli were used: a long line and a short line (Fig. 1a, b). For three
monkeys, the rewarded stimulus was the long line and the unrewarded stimulus
was the short line. For four monkeys, this was reversed. Touching the rewarded
line within 2 s resulted in receiving the tone (on all trials) and two small food
pellets (on 40% of trials). Touching the unrewarded line resulted in a mildly
punishing 16 s delay to the next trial. Not touching either the rewarded or the
unrewarded line did not result in any feedback, and after 5–6 s, the next trial
started automatically. Seven out of 12 monkeys reached our training criterion
(70% correct responses for “Go” and “No Go” trials) taking between 19 and
43 daily training sessions to learn the judgment bias task. All monkeys who
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learned the task were under 7.5 years of age (range 3.6–7.4 years). The monkeys
who failed to learn the “Go-No Go” task discrimination were mostly older
individuals (range 9.9–25 years).

Our aim was to test the validity of the judgment bias task as a measure of
emotional stress, and so we tested monkeys on presumably low-stress and high-
stress days. We opted to run our high-stress testing sessions in the week during
which monkeys underwent their quarterly veterinary health checks. Low-stress

Fig. 1 A visual analog of the
classic “Go-No Go” judgment
bias task, adapted for use with
nonhuman primates. (a) The
experimental procedure for S+
(“Go”) trials, showing the
long line as S+ and outcomes
following a response (correct),
and no response (incorrect).
(b) The experimental
procedure for “No Go”
control trials, showing the
short line as the S- and
outcomes following a
response (incorrect), and no
response (correct). (c) The
experimental procedure for
ambiguous probe trials,
showing a line of intermediate
length to the S+ and S, and
outcomes following a
response and no response
(neither response rewarded
nor punished). Figure adapted
with permission from Bethell
(2012a)
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sessions were run during a quiet week without the presence of the veterinarian or
any other disruptions to the usual daily routine, and with some additional
enrichment.

During testing sessions, monkeys were shown the same lines as in training
(Fig. 1a), interspersed with trials on which ambiguous probes—lines of inter-
mediate length—were shown (Fig. 1b). We predicted that during “low-stress”
weeks monkeys would make more positive judgments about the ambiguous
probes, and this would result in more touches to the probes. During high-stress
weeks, we predicted monkeys would make more negative judgments, leading to
fewer touches to the probes. Responses were as predicted. We interpreted this as
monkeys becoming more pessimistic about ambiguous cues when they had
recently been visited by the veterinarian.

(b) The Classic Task: “Go-No Go”—Color Cues
A subsequent study using the “Go-No Go” discrimination task shows how the
task can be applied using cues of different colors, as well as assessing personal-
ity effects on judgment bias. Gordon and Rogers (2015) trained common
marmosets (Callithrix jacchus) to lift lids on bowls to access food rewards.
During training, one cue was a bowl with a black lid and the other a bowl with a
white lid. Marmosets learned that the bowl with one color lid contained food,
while the bowl with the other color lid was always empty. Each trial lasted
2 min, and marmosets completed 20 trials per day. It took 10–22 days for
12 marmosets to reach the 85% accuracy level for testing. During testing,
marmosets were presented with a bowl with a gray lid and the proportion of
trials on which the lid was lifted, and time taken, were recorded. Monkeys who
were left-handed were less likely to remove the gray lid to inspect the ambigu-
ous bowl than monkeys who were right-handed, irrespective of rate of learning,
sex, or age. Retrospective assessment of colony records revealed that the left-
handed monkeys received more aggression than did right-handed individuals,
likely altering their emotional state, and possibly reflecting hemispheric
differences in processing and behavior between left- and right-handed
marmosets.

(c) Active Choice Task: “Go-No Go”—Various Cue Types
Active choice tasks require selecting one of two or more cues presented simul-
taneously. McGuire et al. (2017) published an “ambiguous cue task,” which was
designed to maintain the ambiguity of the probes over repeated presentations.
The authors attempted to train three lowland gorillas (Gorilla gorilla) to dis-
criminate between the conditions under which three stimuli had unique reward
associations. Stimuli were colored geometric shapes (Fig. 2). For each gorilla,
one stimulus was always rewarded when selected on a touch screen monitor
(“P”), one stimulus was never rewarded when touched (“N”), and a third
stimulus was rewarded when paired with “N” but not rewarded when paired
with “P,” and was therefore an ambiguous cue (“A”) with a context-dependent
reward value. Interpretation of ambiguity could therefore be measured by
recording the proportion of touches to “A” when it was paired with novel shapes
that had not previously been seen. An optimistic interpretation of “A” would be
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evident in a greater proportion of touches to “A,” while a pessimistic interpreta-
tion of “A” would lead to gorillas selecting the novel shape. Test trials were
always rewarded regardless of the selection made, presumably to maintain
motivation on the task. Overall, the gorillas failed to adequately learn the initial
ambiguous cue task. It was therefore not possible for the authors to test for
changes in interpretation of the ambiguous cue following presumed manipula-
tion of affective state. The test condition would have been a phase of enhanced
forage enrichments vs. a phase with a standard forage baseline. This study
highlights the possibility for innovative experimental designs that can address
some of the limitations of existing tasks (e.g., habituation and learning of the
intermediate probes), and may reflect variation between species in training
success on complex tasks (see also Allritz et al. 2016 and Cronin et al. 2018).

(d) Active Choice Task: “Go-Go”—Size Cues
An alternative to the “Go-No Go” paradigm is the “Go-Go” paradigm in which
individuals choose between two cues signaling higher and lower reward values
(Fig. 3). Pomerantz et al. (2012) presented rectangular blocks of different

Fig. 2 Example of stimulus pair combinations used in the ambiguous cue paradigm. In this
example, the red square is the rewarded stimulus (“Go”) when paired with the blue circle
(NA pair), but it becomes the nonrewarded (“No Go”) stimulus when paired with the orange
triangle (PA pair). On test trials, the red square is shown paired with previously unseen (i.e.,
ambiguous) colored shapes. Figure reproduced with permission from McGuire et al. (2017)
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Fig. 3 Example of a “Go-
Go” version of the judgment
bias task. (a) The long
rectangular block indicates a
high-value reward (S++)
under the dark lid, shown here
on the left. (b) The short
rectangular block indicates a
lower value reward (S+) under
the light lid, shown here on
the right. (c) The block of
intermediate length represents
an ambiguous cue.
Figure reproduced with
permission from Pomerantz
et al. (2012)
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lengths to train tufted capuchins (Sapajus apella) on an active choice “Go-Go”
discrimination task in which monkeys could gain preferred or less preferred (but
edible) foods. Rectangular blocks were presented on a plastic board in front of
two wells, one of which was covered with a black sliding lid and the other
covered with a white sliding lid. In the “Go-Go” task, a line of one length
indicated a presumed high-value reward (marshmallow) under one color of lid
(Fig. 3a) and a line of another length indicated a reward of lower value (banana-
flavored pellet) under the other color of lid (Fig. 3b). Twelve out of 16 monkeys
learned the task and went on to the testing stage. Monkeys were then presented
with rectangular blocks of intermediate length and indicated their more-or-less
positive judgment about likely reward value by reaching toward either the high-
reward lid or the low-reward lid (Fig. 3c). The researchers also recorded
stereotypical head twirling and pacing. There was a significant negative correla-
tion between rates of stereotypical head twirling and the probability of choosing
the lid associated with the preferred reward when the ambiguous intermediate
length line was presented. Monkeys who performed more head twirls were
therefore considered to have a more negative judgment bias. No such bias was
evident in capuchins who performed more stereotypical pacing, even though
head twirling and pacing were themselves significantly and positively
correlated. There was also no relationship between any of the stereotypical
behaviors and likelihood to learn the initial discrimination task. The authors
interpreted this result as suggesting that some forms of stereotypical behavior
may more accurately reflect current negative mood than others and that the
judgment bias paradigm may provide a means of distinguishing between these.

(e) Active Choice Task: “Go-Go”—Location
Schino et al. (2016) applied a spatial version of the “Go-Go” active choice task
with 5 male and 8 female tufted capuchins. In this variant of the task, the
presence of a preferred or nonpreferred reward in one of two differently colored
cups placed next to each other (28 cm apart) was indicated by placing a
rectangular block next to the rewarded cup. Once monkeys had learned the
“Go-Go” discrimination task for the greater or lesser reward, they were
presented with test trials. On test trials, the rectangular block was placed
centrally between the two cups. An optimistic choice was indicated by reaching
for the cup that had contained the preferred reward during training, and a less
optimistic choice was indicated by reaching for the cup that had contained the
less preferred reward. The researchers also recorded grooming behavior and
dominance rank of the monkeys to test the hypothesis that a system of emotional
‘bookkeeping’ underlies the capacity of group-living animals to reciprocate
cooperative interactions. Monkeys who received grooming prior to testing did
not, as predicted, show a more optimistic judgment bias for the ambiguously
placed rectangle. However, there was evidence for a more optimistic response to
the central rectangle in dominant monkeys and those who received more
grooming overall.
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3.4 Advantages and Limitations

(a) Advantages
The handful of judgment bias studies performed with nonhuman primates to
date suggest that the judgment bias task is adaptable for use with a range of
primate species, across a number of contexts, and is sensitive to both short-term
emotion and more stable trait characteristics. Enough studies have now been
published across taxonomic groups (n ¼ 64 in 2015, Bethell 2015) that
meta-analyses are becoming viable. Neville et al. (2020) conducted the first
meta-analysis of judgment bias studies, focusing only on studies in which a
pharmacological manipulation had been used to alter affective state. While none
of the 20 articles included in the analysis involved nonhuman primates, trends in
task outcomes were identified across taxonomic groups commonly used in
research that can be informative for designing and interpreting future primate
studies. Further large-scale analyses will speed progression of research applying
judgment bias tasks.

(b) Limitations
There are several caveats around design and application of the judgment bias
task. Firstly, operant training usually leads to attrition of subjects; some
individuals will fail to learn the task (as occurred in all the studies described
above), subordinates may not gain access to the apparatus, and some individuals
will lose interest once trained. Active choice tests may be at greater risk of
attrition since the distinction between two levels of positive reward is more
subtle than the distinction between reward and nonreward. In either case, this
results in a self-selected sample in which we may be missing those individuals
with poorest welfare. We are aware of several unpublished studies, from our
own and others’ groups, where researchers have attempted to measure judgment
bias in nonhuman primates with inconclusive or variable results (as in McGuire
et al. 2017, discussed above), either because of limitations on the time for initial
discrimination training or because of attrition of subjects during the initial
training stage (Katie Cronin, personal communication). Are animals failing to
learn because they are already in a negative emotional state (Mendl 1999)? The
well-documented publishing bias for significant results (Rosenthal 1979) means
there may be much unpublished data showing no evidence for a bias, hampering
efforts to understand why or under which conditions biases are not seen.

Secondly, judgment bias tests may be prone to habituation and learning
effects. For example, Perdue (2017) trained rhesus macaques and tufted capu-
chin monkeys on a “Go-Go” judgment bias task. There was no manipulation of
emotional state, but over time, rhesus macaques and capuchin monkeys became
less likely to respond to the intermediate probes. It is not surprising that over
repeated presentations, the ambiguity of probes is lost and learning then
influences rate of responding. While the monkeys completed thousands of trials,
more than run in most published studies, this paper highlights that the effects of
repeated testing certainly need more consideration in judgment bias studies. It is
therefore preferable to limit the number of times each probe is presented, for
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example, by increasing the number of different probes used, or to reduce
learning with designs that maintain ambiguity using context-dependent contin-
gencies (as in McGuire et al. 2017).

Thirdly, we have yet to fully test the extent to which the judgment bias
paradigm does indeed measure biases in judgment about ambiguity rather than
other processes (that are not necessarily mutually exclusive to judgment bias),
such as biased attention, risk-taking behavior, and/or arousal. The “Go-No Go”
tasks may be at greatest risk of these confounds since they rely on two types of
response. A nonresponse is interpreted as reflecting a judgment of nonreward
when it might instead reflect reduced arousal, distraction, confusion, or lost
motivation. In the active choice task, nonresponses due to confounds should
occur more equally for all trial types and therefore be less likely to skew
interpretation in terms of judgments. Potential confounds are sometimes not
controlled for in judgment bias studies. It is essential to check for, and report on,
any changes in responses to the conditioned stimuli (S+ and S-, or S++ and S+)
to identify the likelihood of confounds. For example, Bethell et al. (2012a)
found no change in responses on S+ (“Go”) and S- (“No Go”) trials during
testing sessions, adding support to the interpretation of change in responding to
the probes in terms of judgments about their ambiguity. By contrast, Harding
et al. (2004) found a reduction in “Go” responses to the S+ during their stress
condition, leading to the possibility that the reduction in responding to the
probes could have been partially driven by factors not related to ambiguity
such as reduced motivation or arousal.

Fourthly, results are reported in categorical terms such as “optimism” and
“pessimism,” yet in the absence of a baseline, we are truly testing relative shifts
in tendency to respond. There have not yet been enough studies with nonhuman
primates to identify whether there are species-typical ranges of response, for
example, or thresholds beyond which we can say an animal’s welfare is
compromised. Nor have there been enough to fully understand the sensitivity
of the paradigm to variation in transient emotions compared with longer-term
moods, within or between individuals. While the “Go-No Go” tasks may
measure shifts in expectation of both negative and positive outcomes (e.g.,
Bethell and Koyama 2015 found shifts in response at the two probes closest to
the conditioned stimuli but not the central probe), active choice paradigms may
only be sensitive to shifts in expectation of reward, lacking sensitivity altogether
to expectation of negative events (discussed in Bethell 2015).

In summary, judgment bias tasks are useful tools for testing hypotheses about the
influence of emotion on judgments about ambiguous information, the likelihood of
positive outcomes following responses, and identifying differences in optimistic/
pessimistic interpretation between individual primates. They may not, however, be
the most efficient approach for measuring emotions in real-world settings due to the
need for initial training. Nevertheless, in the context of findings from the broader
animal literature, the few studies with small numbers of nonhuman primates
indicate that the judgment bias task does measure something that maps onto the
presumed underlying emotional state. And for now, that is a good start.
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4 Attention Bias

4.1 What Is It?

“Attention bias” describes how emotional state or mood can influence which cues in
the environment individuals attend to (Mogg and Bradley 1999). For example, as noted
earlier, in laboratory tests, anxious people are faster at detecting threatening faces in a
crowd of neutral faces than are nonanxious people (Gilboa-Schechtman et al. 1999;
Mogg and Bradley 1999). This bias for detecting threat is evident even when stimuli
are presented subliminally, i.e., outside of awareness (Mogg and Bradley 1999). A
characteristic of phobias in humans is an inability to stop attending to the target of the
phobia (Gilboa-Schechtman et al. 1999), and this manifests in various coping strategies
to avoid phobia-related cues, such as total avoidance (Chen and Clarke 2017). A basis
of many meditation and therapeutic practices is the deliberate shifting of attention away
from “negative” and toward “positive” thoughts, and the field of positive psychology is
based on the premise that what individuals attend to can influence their sense of
psychological well-being (Seligman and Csikszentmihalyi 2000).

Our research groups have been exploring the utility of attention bias tasks for
assessing emotion in nonhuman primates in free-ranging, zoo, and laboratory
settings. Attention bias tasks can require less training than judgment bias tasks,
and the use of biologically relevant stimuli should reduce the likelihood of habitua-
tion and learning effects. In a recent review, Crump et al. (2018) identified 12 studies
that used attention bias paradigms to measure emotion in animals, highlighting that
this field is at an early stage of development.

4.2 Method: The Basics

Attention bias tasks, for the purpose of welfare assessment, can be split into two
broad categories: those that do not require prior operant training and those that
do. The first category comprises (a) the attention bias preferential-looking task
(Calvo and Avero 2005; Garner et al. 2006; Bethell et al. 2012b). This is a simple
paradigm in which the subject is shown two pictures that vary in valence (e.g., a
negative vs. a neutral picture) side by side, and the direction and duration of gaze
toward the pictures is filmed or tracked with an eye tracker. Attention bias is assessed
as the difference in looking time toward the emotional compared to the neutral
picture. For a recent review of the use of preferential-looking attention bias in animal
welfare assessment, see Crump et al. (2018). The second category includes tasks in
which subjects are required to make a manual response, the speed of which is used to
assess biases in attention. These are (b) dot-probe tasks (MacLeod et al. 1986) and
(c) visual search tasks (Öhman et al. 2001). In both paradigms, participants are
instructed (in the case of humans) or rewarded (e.g., in nonhuman primates) for
responding accurately and as quickly as possible to a cue when one or more
emotional distractor cues have been shown. For a good review of dot-probe studies
for assessing animal welfare, we recommend van Rooijen et al. (2017).
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4.3 Examples of Application for Measuring Primate Welfare

(a) Preferential looking
Preferential-looking tasks have been used to identify cues of interest to nonhu-
man primates (e.g., Gerald et al. 2009; Parr 2011; Pfefferle et al. 2014; Parr et al.
2016). The first study to apply a preferential-looking task to explicitly test
emotion-mediated attention bias in a nonhuman primate was conducted with
adult male rhesus macaques (Bethell et al. 2012b). Seven monkeys were shown
picture pairs of conspecific faces (one “threat” face and one “neutral” face) on
two adjacent computer monitors and the direction and duration of looks toward
the two face pictures was filmed. As with our test of judgment bias, each
monkey was tested at baseline and after the statutory veterinary examination
to provide a within-subjects comparison of presumed emotional state.

Monkeys were faster to direct initial gaze toward threat than neutral faces
suggesting a general vigilance for threat irrespective of underlying emotional
state. This finding is in line with earlier studies demonstrating a general
enhanced attention to threatening or agonistic images and scenes in nonhuman
primates (Parr and Hopkins 2000; Kano and Tomonaga 2010; Watson et al.
2012). Subsequent looking responses, however, were dependent on condition.
During the baseline condition, monkeys continued to look toward the threat
face, demonstrating sustained vigilance for threat. However, after the health
check those same monkeys rapidly disengaged their gaze from threat faces and
spent less time looking toward threat faces overall. We interpreted this as an
avoidant attention bias in macaques when stressed. In a later study of juvenile
macaques, conducted using the same stimulus pairs, Mandalaywala et al. (2014)
found that offspring of protective and dominant mothers had an enhanced
attention bias toward threat faces compared to offspring of less protective and
more subordinate mothers. The preferential-looking paradigm shows great
promise as a measure of attention bias as it requires limited training, is relatively
simple to execute, and has been widely validated with nonhuman primates to
assess the types of stimuli that capture and hold attention (e.g., Waitt et al. 2003;
Waitt and Buchanan-Smith 2006; Watson et al. 2012).

(b) Dot probe
The dot-probe task provides another means of testing attention bias but requires
prior operant training. Two stimuli (one “emotional” and the other “neutral”) are
presented simultaneously, usually on a touch screen. After a predefined period
(which can range between 14 ms and 2000 ms depending on what point in the
attention time course is of interest), the stimuli are removed from the screen and
a probe (e.g., a circle, arrow, or other neutral cues) appears in the location of one
of two previously shown stimuli. Each subject’s task is to respond to the dot
probe typically either by pressing a key on a keyboard (in the case of humans) or
by touching the probe on the screen (in the case of nonhuman primates).
Reaction time for detecting the dot probe will be faster at the attended location
than at the unattended location. By comparing response time on trials in which
the probe was at the location of the emotional stimulus (congruent trials) with
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reaction time at the neutral stimulus (incongruent trials), biases in attention
toward or away from emotional stimuli can be detected. By manipulating the
stimulus duration and the positive or negative value of the emotional stimulus,
researchers can distinguish between early attention capture, dwell, and later
avoidance of positive and negative information. Studies with humans have
revealed that anxious people are generally faster to detect probes that appear
at the location of faces with negative or threatening expression compared with
probes that appear at the location of faces with neutral expression (MacLeod
et al. 2002; Chen et al. 2002; Mogg et al. 2004; Bar-Haim et al. 2007; Beevers
et al. 2007; Carlson et al. 2012; Hommer et al. 2014).

Several published studies have tested for attention bias to emotional stimuli
in nonhuman primates using dot-probe tasks (King et al. 2012; Kret et al. 2016;
Wilson and Tomonaga 2018). However, at the time of writing, no published
studies have tested an effect of emotional state on attention bias using this
paradigm. Here, we review the dot-probe studies published to date.

Kret et al. (2016) adapted the dot-probe task for use with four bonobos (Pan
paniscus). Stimuli were pictures of bonobo social scenes or faces rated by four
experts as emotional or neutral. In order to begin each trial, bonobos were
required to touch a start cue that appeared at the center of a touch screen. A
stimulus pair was then shown for 300 ms, one image on the left and one on the
right of the screen, followed by the dot probe at the location of one of the two
stimuli for 2 s. The dot probe was congruent to the location of the emotional
stimulus on 50% of trials and occurred at the location of the neutral stimulus in
the other 50% of trials. All four bonobos were significantly faster to touch the
probe when it followed the location of the emotional stimulus than the neutral
stimulus, with fastest responses at the location of high-intensity emotional
stimuli. When the authors attempted to categorize the emotional stimuli in
terms of valence, the results were less clear; bonobos showed greatest attention
bias toward social stimuli containing grooming, sex, and yawning, but not
aggression or distress. This study demonstrates that the dot-probe task can be
adapted for use with bonobos, with further work on categorization of stimuli in
terms of emotionality needed.

Wilson and Tomonaga (2018) trained eight chimpanzees (Pan troglodytes)
on a dot-probe task. Stimuli were grayscale pictures of chimpanzee threat faces
of high intensity (scream face) and lower intensity (bared teeth), paired either
with chimpanzee faces with neutral expressions, or face images that had been
scrambled so that they were no longer recognizable as faces but contained the
same color information as the original pictures. Stimuli were shown on a touch
screen monitor. To start a trial, the chimpanzee had to touch a start cue presented
just below the center of the screen. Two stimuli were then shown for 150 ms,
one stimulus at each of the left and right screen locations. Stimulus pairs were a
threat face paired with a neutral face, or a threat face paired with a scrambled
image. After 150 ms, the two stimuli disappeared from the screen and the dot
probe appeared, congruent to the emotional stimulus on 50% of trials. Attention
bias was determined as faster responses to the probe when it appeared at the
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location where the emotional face had previously been shown. No attention bias
was evident for the threat-neutral face pairs. Chimpanzees were as fast to touch
the probe when it appeared at the location of the neutral face as when it appeared
at the location of the threat face. However, an attention bias was evident when
threat faces were paired with scrambled images. Chimpanzees were faster to
touch probes appearing at the location of the threat face than the scrambled face,
indicating that they were looking toward the location of the threat faces when the
probe appeared.

(c) Visual search
The visual search task has been widely applied to measure attention bias to
threat in humans (Gilboa-Schechtman et al. 1999; Yiend 2010). Participants are
asked to detect, as quickly as possible, the location of one “target” picture (e.g.,
a frowning face) in an array of other pictures (e.g., neutral faces). The speed with
which the target picture is detected reveals how quickly and strongly the target
pictured captured the viewer’s attention. Anxious people are faster to detect a
negative face in an array of neutral faces than are nonanxious controls (Gilboa-
Schechtman et al. 1999; Yiend 2010).

The visual search task has been adapted for use with nonhuman primates
(Öhman and Mineka 2003; Kawai and Koda 2016; Kawai et al. 2016), although
it has never been applied to assess emotional states. These studies reveal that
monkeys are faster to detect snakes in arrays of flowers, herbivorous mammals,
and spiders than vice versa (Shibasaki and Kawai 2009; Kawai and Koda 2016), and
to detect conspecific threat faces among an array of neutral faces (Kawai et al. 2016).

Shibasaki and Kawai (2009) trained three Japanese macaques (Macaca
fuscata) on a visual search task using a touch screen. Monkeys were first trained
with color patches in which they learned to touch the “odd one out” in order to
receive a small food reward. Stimulus arrays were either 2� 2 or 3� 3. Once the
basic task was learned, pictures of snakes and flowers were introduced to test for
differential ability to locate a fear-relevant stimulus in an array of nonfear stimuli
and vice versa. Monkeys were required to touch a rectangular white start cue at the
center of the screen to start each trial. After 500 ms, an array of four or nine
pictures appeared and stayed on the screen until the monkey touched one of the
pictures. A correct touch to the odd one out resulted in a small food reward.
Overall monkeys were faster to find snakes in flower arrays than vice versa, both
for pictures in color and grayscale. This effect was seen only when snakes were the
fear-relevant stimulus and not when pictures of spiders were used (Kawai and
Koda 2016). The same research group later tested another three Japanese
macaques on a visual search task using conspecific threat and neutral faces
(Kawai et al. 2016). Macaques were faster to find the threat face in the neutral
array than vice versa. These results suggest that fear-relevant stimuli, like snakes
and aggressive faces, capture attention in nonhuman primates. The extent to which
this is mediated by emotional state, as it does in humans, remains to be tested.
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4.4 Advantages and Limitations

(a) Advantages
Advantages of attention bias tasks are simpler training protocols and fewer trials
overall compared to the judgment bias task, due to the use of biologically relevant
stimuli. The preferential-looking task requires no training beyond that required to
habituate animals to the researcher and apparatus. For example, Mandalaywala
et al. (2013) recorded attention bias for threat-neutral face pictures in free-ranging
monkeys at the Cayo Santiago field station simply by approaching animals that
were resting and presenting the pictures while filming which pictures the macaque
looked at. An advantage of the dot-probe task is that the actual dot probe has
nothing to do with the preceding emotional stimuli that are used to induce
attention bias. Further, it can provide information about the time course of
attention. Adjustment of duration for which stimuli are shown on the screen can
be used to assess attention bias at earlier stages of attention (e.g., to subliminally
presented stimuli) separate from later stages of attention (e.g., maintenance or
disengagement of attention). Attention bias tasks can be less at risk of attrition of
subjects, learning effects, confounding factors, such as arousal, or interpretation in
terms of categories of emotion (since responses are relative time looking at either
stimulus in the preferential-looking task), compared with judgment bias tasks.

(b) Limitations
There have been a limited number of published studies of attention bias, and the
sample sizes are small. For the preferential-looking paradigm, our experience is
that monkeys show the most pronounced looking on the first trial, and steadily
lose interest in subsequent trials. Therefore, running only one trial at a time may
work best (e.g., Mandalaywala et al. 2014). By contrast, the dot-probe task, due
to the need to make responses to receive rewards, is more engaging and
therefore suitable for repeated trials within a session. Coding trials from video
can be time-consuming, while eye trackers are expensive, often difficult to
calibrate, and are only available in a few primate facilities. Dot-probe tasks
require automated systems, which are available in a limited number of facilities
being that they are relatively expensive to set up and maintain.

There are well-documented visual field (hemispheric laterality) effects for
processing emotional information in both humans (Sato and Aoki 2006) and
nonhuman primates (Lindell 2013). We recommend including location as a
control variable when analyzing data so potential laterality effects can be
accounted for. For the dot-probe task, it is essential to counterbalance the side
on which the emotional face is shown, as well as congruency of the subsequent
probe location.

A challenge is to accurately categorize the emotional content of stimuli and
acknowledge that the perception of emotional content may vary between
individuals. In a recent study (Bethell et al. 2019b), we tested the influence of
fearful temperament on reaction times to touch different categories of stimuli in
adult male rhesus macaques. Stimuli were categorized as those we predicted to
be negative in meaning (conspecific male faces with direct stare, pictures of
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husbandry items including a veterinary glove, brush and net, and pictures of a
human wearing a mask). Monkeys with the most fearful temperament showed
the slowest responses to the conspecific faces. There was some limited slowing
of response to pictures of husbandry items and no slowing of response to the
masked human. It is important to understand how individual monkeys perceive
the stimuli that we classify as threatening.

Creating adequate stimulus sets can be time-consuming and challenging.
Obtaining clear face pictures of the same individual nonhuman primate
displaying different facial expressions is difficult. Stimuli must be equated for
properties such as color, luminance, and contrast energy (Waitt and Buchanan-
Smith 2006). This is more easily done with pictures in grayscale than color, but
color information is then lost, which may reduce salience. Open-access online
resources like the Macaque Stimulus Set (Witham and Bethell 2019) and the
Facial Stimuli—Macaques Sets (Pfefferle 2020) provide a platform for
researchers across fields to share stimuli, as well as to download stimuli used
in published studies. For example, the stimuli used in Bethell et al. (2012b,
2016, 2019a), Mandalaywala et al. (2013), and Pfefferle et al. (2014) can be
downloaded from these online resources. Shared resources enhance quality of
science by allowing for more concise replication of studies across contexts.

Adequate controls are essential for interpreting results. The dot-probe study
by Wilson and Tomonaga (2018) is a good example of how adequate controls
are needed to interpret results. In that study, Wilson and Tomonaga (2018)
found no evidence for an attention bias to chimpanzee threat faces that were
paired with neutral chimpanzee faces but did find an attention bias for threat
faces paired with a scrambled stimulus. Without a neutral-scrambled pair
comparison, it is not clear from the results whether the attention bias seen in
threat-scrambled trials was driven by the threat value of the face or the presence
of social information. In control trials that took place during the same study, the
chimpanzees were also faster to detect probes following a picture of a chair
when paired with a scrambled stimulus. The latter is an example of a good
control insofar as it provides information about how to interpret data. In this
case, chimpanzees showed an attention bias for threat faces and chairs, relative
to scrambled images. We cannot interpret the bias for threat faces solely in terms
of attention bias for threat without also considering the chimpanzees found
chairs threatening; it is as likely that pictures of faces and objects are simply
more interesting to look at than abstract scrambled images. The lack of attention
bias for threat faces when paired with neutral faces could indicate the absence of
an attention bias for threat faces in those chimpanzees, or the use of stimuli not
perceived by the chimpanzees to vary significantly in their threatening or neutral
value to elicit a bias in looking. Without adequate controls, we are limited in
what we can conclude from any data set.

224 E. J. Bethell and D. Pfefferle



5 Take Home and Considerations for Study Design

We encourage facilities housing nonhuman primates to consider how they can
incorporate cognitive bias testing into their welfare assessment protocols. There is
not a one-size-fits-all design for measuring cognitive bias, but all designs must be fit
for purpose with adequate controls and consideration around interpretation of
results.

1. Can all or most animals be trained on an operant task? If not, simpler attention
bias tasks may be best.

2. What discrimination tasks can they learn? Ability to discriminate between two
stimuli is required for judgments bias tasks (“Go-No Go” and “Go-Go” tasks). If
not, simpler attention bias tasks require learning to touch one stimulus (as in
dot-probe tests) and “the odd one out” in visual search.

3. What stimuli to use? Stimuli need to be species-appropriate and, where they are
intended to be valenced, to be perceived as such by subjects.

4. What controls are needed? Do you have a baseline against which to compare
responses? In the judgment bias task, check for any change in “Go” or “No Go”
responses to the conditioned stimuli. In attention bias tasks, control for visual
field and basic stimulus characteristics such as color, luminance, and contrast
energy that might bias looking.

5. How many trials to run? For judgment bias, tasks limit presentations of the probes
to maintain ambiguity (e.g., by having multiple probe forms presented at low
frequency among presentations of the conditioned stimuli). In the preferential-
looking task, macaques have been shown to lose interest in face images after the
first trial. In dot-probe and visual search tasks, nonhuman primates will perform
many more trials due to rewards, but initial training is required.

6. What reward contingency to use? In the judgment bias task, using a variable
reward ratio (e.g., 40% in Bethell et al. 2012a) may reduce the likelihood, or
speed, of learning that probe trials are not rewarded. Consider that using
punishers in “Go-No Go” designs may confound the effects of any positive
mood manipulations. In this case, a “Go-Go” task may be more suitable. For
attention bias tasks, use any reward contingency that keeps subjects working.

7. How to interpret data? With caution and in consideration with other measures of
welfare. Currently, there is no categorical measure of emotional valence (e.g.,
optimist/pessimist, stressed/unstressed) that can be extracted from cognitive bias
data. However, building up pictures of individual profiles can help identify
changes in animals over time, or distinguish between more vs. less optimistic
individuals in a group. As with many health measures, changes may be more
informative than absolute values.
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Physiological Measures of Welfare

John P. Capitanio, Jessica Vandeleest, and Darcy L. Hannibal

Abstract

Animal well-being can be assessed in a variety of ways; in this chapter, we focus
on physiological measures of welfare and review advantages and disadvantages
of measures assessing hypothalamic–pituitary–adrenal, sympathetic–adrenal–
medullary, cardiovascular, and immune function. For each physiological system,
measurement issues are discussed. Throughout the discussion, a distinction is
made between assessing levels of a measure versus assessing regulation of the
system. We argue that, because “well-being” reflects a persisting state or condi-
tion that one is in, measurement of an indicator of that state at one point in time
(i.e., measurement of levels) may be of limited value. We propose that assessment
of regulatory aspects of biological systems may be more congruent with the
concept of well-being.

Keywords

Welfare · HPA axis · Immune system · Sympathetic nervous system ·
Cardiovascular system

1 Introduction

It is generally agreed that promotion of the welfare of an individual involves
attention to a variety of factors. Environmental, nutritional, social, health, cognitive,
and structural (i.e., the physical space) considerations are among the important issues
that must be addressed. A critically important aspect of welfare involves
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psychological health; one could argue, in fact, that the psychological well-being of
the animal is the successful outcome of proper attention being paid to the factors just
listed.

There are many ways to assess the well-being of an animal. One might think,
given that “well-being” is a psychological state, that behavioral measures might be
the most valuable (Lutz and Baker 2022). There is considerable merit to this
argument; behavior is easily observable, and there is a sense that it is a direct link
to mental processes. However, behavior is a tricky phenomenon. It is the principal
means by which an animal interacts with its environment, but any given behavior
pattern can be displayed for multiple reasons—that is, behavior shows equifinality:
Different internal, psychological conditions can lead to the same behavioral out-
come. Moreover, which behavior the animal chooses to display will be determined
by the animal’s needs, which could be very different from the needs of others,
including our own. For example, we would love to know when an animal is
beginning to feel poorly, so that we could quickly intervene. However, it is likely
that selection favored a more stoic approach to feeling ill—animals that too quickly
showed they were ill might have gotten left behind, lost rank, been selected as prey,
etc. (Weary et al. 2006). Those who “covered” by adopting a more stoic approach
may have been better at survival and reproduction, and so that strategy could get
passed on. So, while the display of abnormal/rare behaviors might indicate poor
well-being, the lack of such behaviors does not necessarily indicate positive well-
being.

Considerations like these have led some to focus less on behavioral indicators of
welfare and more on physiological indicators. We believe this is a very useful
approach, and it is not uncommon these days to see welfare-associated papers that
utilize measures such as cortisol concentrations. Like behavior, however, this set of
measures has its own set of complexities. Consider an example (Capitanio et al.
1998). In an experimental study of the role of social factors in the progression of
immunodeficiency virus disease in rhesus monkeys, one set of animals got 100 min
of daily experience in social groups in which the same animals met with each other
every day (stable groups). A second set of animals met daily for an equal amount of
time in social groups whose members changed every day (unstable groups). Baseline
cortisol concentrations were measured on an approximately monthly basis, not while
the animals were in their social groups, but while they were individually housed. We
found that one group had significantly lower cortisol concentrations than the other
group. One might expect that the animals in the stable social groups had the lower
basal cortisol concentrations, but that was not the case—it was the animals in the
unstable social groups that had the lower cortisol levels. Pharmacological probing of
the hypothalamic–pituitary–adrenal (HPA) system, which is responsible for cortisol
release (see below), revealed why: the social manipulation had altered the regulation
of the HPA axis, one consequence of which was reduced basal levels of cortisol. This
result was identical with results that have been found in humans that have post-
traumatic stress disorder (e.g., Yehuda et al. 1995). Thus, this example indicates that
physiological measures may not be easy or simple indicators of welfare.
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This example illustrates a critical point that we will return to, namely the
distinction between levels of an analyte and regulation of that analyte. Because
well-being reflects a persisting state or condition that one is in, measurement of an
indicator of that state at one point in time, can be of limited value and can lead to
simplistic statements like “the animal is fine because its cortisol is low.” As the
example in the last paragraph shows, this may not be the case. It is our strong opinion
that challenging a system (whether a behavioral or physiological system) to reveal
how the system is regulated can reveal much more about the functioning of that
system. Furthermore, we propose that statements about regulation (rather than level)
better capture the idea of a psychological state such as well-being. A focus on
regulation allows for transient deviations in level; for example, if construction is
going on in a housing room next door, animals may well show elevated cortisol
concentrations for that day; the animals may be disturbed, but is their well-being
compromised? As long as that situation does not persist, the regulation of the HPA
system will not change. We would argue that when one sees alterations in regulation
of a physiological system, then that may be the best physiological indicator of poor
well-being.

In this chapter, we will describe some physiological measures that have been, or
might be, employed to index psychological well-being. For each system that we
discuss, we will also examine methodological issues pertaining to sample collection
that can affect the utility of these measures. Where possible, we will try to highlight
the value of taking a regulation rather than a levels approach.

2 Hypothalamic–Pituitary–Adrenal Axis

One of the most commonly used physiological indicators of welfare is the end
product of the hypothalamic–pituitary–adrenal (HPA) axis, namely concentrations
of cortisol. The reason for this is because of the HPA axis’ involvement in the
physiological stress response (Novak et al. 2013). Stress is generally considered
inimical to well-being, although we must recognize a distinction between eustress
(“good” stress, such as running and jumping during play or arousal during mating)
and distress (“bad” stress, such as the threat of impending danger; this is usually
what people are referring to by their use of the word “stress”) (Selye 1979). There are
several issues, however, that must be considered when using cortisol to measure
welfare. Below, we briefly describe the HPA axis and its functions, after which we
discuss the different methods for measuring the activity and regulation of the HPA
axis as well as important factors to consider when doing so.

The HPA axis is a neuroendocrine system that is important for both the daily
regulation of metabolism and the physiological response to stress (Fig. 1). Activation
of the axis begins when the hypothalamus releases corticotropin-releasing hormone
(CRH), which stimulates the anterior pituitary to release adrenocorticotropic hor-
mone (ACTH) into the circulatory system. Upon reaching the cortex of the adrenal
gland, ACTH stimulates the release of glucocorticoids (cortisol is the principal
glucocorticoid in primates). Cortisol release is regulated through a negative feedback
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loop involving tissues at multiple levels (e.g., hippocampus, hypothalamus, pitui-
tary: Dallman et al. 1994; Herman et al. 1996, 2003): Elevated cortisol
concentrations feed back onto the system to dampen subsequent cortisol release.
On a day-to-day basis, cortisol plays a critical role in regulating metabolism. Cortisol
secretion follows a daily cycle in diurnal animals, with high levels during the
morning and the lowest levels in the late afternoon. Once secreted, cortisol attaches
to two types of receptors that differ both in their affinity for cortisol and in their
functions (see Sapolsky et al. 2000 for more information). The daily variation in
cortisol plays an important role in metabolism due to cortisol’s function in
mobilizing sugars into the circulatory system and the fact that cortisol levels are
altered after consuming food (Sapolsky et al. 2000; Lemmens et al. 2011).

While primarily a metabolic hormone, cortisol is also critical in the physiological
stress response. The HPA axis supports the physiological response to short-term,
acute stressors. During an acute stressor (e.g., encountering a bear in the woods), the
initial stress response begins within seconds and is primarily driven through neural
pathways, namely through the sympathetic–adrenal–medullary system (SAM; see
below). This response elevates heart rate, increases blood flow and glucose delivery
to skeletal muscle, stimulates immune function, increases cerebral blood flow, and
decreases appetite (Sapolsky et al. 2000). A few minutes later, cortisol also is
released into the circulatory system and serves to regulate the SAM effects on the
body (e.g., by suppressing aspects of the immune system or by increasing appetite),
and to facilitate responses to and recovery from the stressor (e.g., by increasing

Fig. 1 Schematic diagram of the hypothalamic–pituitary–adrenal axis. Original artwork by Brian
M. Sweis, reproduced under Creative Commons license
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blood glucose). Although the effects of the initial stress response occur within
seconds, the effects of cortisol on the body often do not appear until an hour or
more after the onset of the stressor (Sapolsky et al. 2000). This is because, as a
steroid hormone, cortisol’s principal mechanism of action is to regulate gene tran-
scription and protein production—processes that take time to accomplish. Although
the HPA axis evolved to be adaptive in response to acute stressors, its effects can
lead to many negative outcomes when activation of the axis is chronic or frequent.
Effects of chronic stress include suppression of reproductive behavior and physiol-
ogy, and of immune function.

Because of cortisol’s involvement in the stress response, it is a commonly used
measure in welfare research (e.g., Clarke et al. 1995; Ruys et al. 2004; Baker et al.
2012; Novak et al. 2013). However, there are multiple ways to assess the activity of
the HPA axis, each with its own advantages and disadvantages; broadly speaking,
the two main approaches, as described above, are those examining cortisol levels and
those examining the regulation of the HPA axis. Levels are commonly assessed
through single biological samples and are the most commonly reported type of
cortisol measure used in studies of welfare. In these studies, there is often the
assumption that higher cortisol levels reflect greater stress experienced by the
individual. While this can be true, it is important to note that higher cortisol levels
can be caused by a number of other factors (discussed in more detail below) and that
chronic stress can lead to lower cortisol levels as well, as described above (Capitanio
et al. 1998; Yehuda et al. 2004; Yehuda 2006). The second method of assessing the
HPA axis involves examining the regulation of the HPA axis. This approach requires
multiple biological samples and can require the administration of pharmaceuticals to
probe the system (e.g., ACTH or dexamethasone). Examination of the regulation of
the HPA axis is important when understanding welfare because it provides more
sensitive information about the physiological mechanisms that lead to higher or
lower cortisol levels. For example, in humans, both major depression and PTSD
have been associated with elevated CRH; however, depression is often associated
with higher cortisol levels, while PTSD is associated with lower levels (Baker et al.
1999; Holsboer 2000; Yehuda et al. 2004). Only by examining the regulation of the
HPA axis, we can understand how the HPA axis responds differently in these two
stress-related disorders. Moreover, as discussed earlier, the concept of well-being
does not necessarily imply an organism never experiences stressful conditions;
rather, it implies that the stress that it does experience is not sustained. How much
stress is “too much”? The answer to that question is unknown; we would argue,
however, that a change to the regulation of a physiological system may indicate that
some critical threshold has been reached and that this may indicate that the well-
being of the animal is compromised.

2.1 Measuring Cortisol Levels

Cortisol can be sampled from multiple biological fluids and excreta including
plasma, saliva, urine, and feces. It can also be sampled from hair. Each of these
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matrices differs in the timescale of HPA axis activation that they capture, ranging
from minutes to months.

2.1.1 Short Time Scale (i.e., Point Samples): Blood and Saliva
Upon activation of the HPA axis, cortisol is released into the circulation within
minutes. Cortisol sampled from blood or saliva reflects the amount of cortisol
circulating at the time when the sample was collected. This type of sampling is
often referred to as “point sampling” because it reflects the state of an individual at a
particular point in time. In the bloodstream, cortisol can either be floating free or
bound to corticosteroid-binding globulin. Generally, cortisol assays of plasma or
serum measure free and bound cortisol, while cortisol measured in saliva only
reflects the free cortisol that is able to passively diffuse into saliva (Teruhisa et al.
1981). Despite this difference, studies have shown salivary and plasma cortisol
levels to be highly correlated (Gozansky et al. 2005).

Although point samples are often used, collection of these samples must be
carefully controlled because they are also the most susceptible to environmental or
contextual effects. For example, cortisol levels in blood and saliva are affected by
eating, changes in ambient temperature, time of day (due to the diurnal cycle),
position in a housing room, the amount of time it takes to obtain a sample, anesthe-
sia, and some eustressful experiences (Capitanio et al. 1998; Ange-van Heugten et al.
2009; Lemmens et al. 2011; Menicucci et al. 2013; Vandeleest et al. 2013). Collec-
tion of blood samples is invasive due to the necessity of venipuncture for sample
collection, although training animals to cooperate can ameliorate much of the stress
of sampling (Reinhardt et al. 1990; Coleman et al. 2008). Once collected, serum or
plasma needs to be separated from the other components of blood and stored at
�20 �C or less for long-term storage (Stroud et al. 2007; Sheriff et al. 2011).
Obtaining salivary samples is less invasive than blood samples but necessitates the
cooperation of the animal (Lutz et al. 2000). In addition, for salivary samples the
presence of any bleeding injury to the gums or mouth can lead to increased levels of
cortisol due to the presence of corticosteroids in blood (Novak et al. 2013). Saliva
samples have been shown to be stable for up to 3 months at 5 �C, but should be
stored at least at�20 �C if longer time periods are needed (Garde and Hansen 2005).
Appropriate use of point samples (blood or saliva) can provide detailed information
on how animals respond to specific conditions (e.g., housing changes), provided
efforts to reduce the influence of confounding variables (described above) and the
stress of sampling are thoroughly considered. For example, blood and saliva samples
have been useful in demonstrating that cortisol levels respond to feeding demands,
rearing history, social separation, and permanent relocations (Laudenslager et al.
1995; Champoux et al. 2001; Capitanio et al. 2005; Davenport et al. 2008).

2.1.2 Medium Time Scale: Urine and Feces
Cortisol also accumulates in urine and feces with cortisol levels reflecting average
cortisol secretion over a period of hours to days, depending on the length of time the
excreta were produced. Urinary or fecal sample collection to assess cortisol is often
employed because these substances can be collected noninvasively and relatively
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easily (particularly for feces), and they are somewhat insensitive to sampling-
associated confounding compared to point samples. Collection of urinary samples
can pose challenges. The collection of urine, particularly from Old World monkeys,
often requires single housing and appropriate collection pans that reduce cross-
contamination from feces and from the urine of other animals (Setchell et al. 1977;
Tiefenbacher et al. 2004). A second option is often employed with New World
monkeys and chimpanzees that have been trained to voluntarily give urine samples,
allowing for collection under group living conditions (Ziegler et al. 1995; Smith and
French 1997; Muller and Wrangham 2004; Anestis 2005; Jarcho et al. 2012). There
are additional concerns regarding the assay of urinary cortisol: Care must be taken to
measure creatinine to control for individual or species differences in urine output or
hydration. Finally, much of the cortisol in urine is in a conjugated form and
researchers may or may not need to remove the conjugates prior to assay depending
on their research questions and the species that they study (Bahr et al. 2000; Novak
et al. 2013).

Fecal cortisol is most often measured in the field as it is the least invasive and
most easily accessible excreta. Care must be taken, however, in how samples are
collected and stored, particularly under the constraints of field conditions
(as reviewed in Touma and Palme 2005; Sheriff et al. 2011). Additionally, the
choice of assay for fecal cortisol levels requires caution due to the fact that cortisol,
corticosterone (a similar molecule, which in primates is present in small
concentrations), and their metabolites are present in feces. Notably, cortisol metabo-
lism differs between species, which means that selecting the best hormone or
metabolite to measure depends on your species of interest (Bahr et al. 2000;
Heistermann et al. 2006; Sheriff et al. 2011). Fecal cortisol levels have been
shown to be influenced by habitat (conserved or fragmented forests and captivity),
season, food availability, and tourist exposure (Rangel-Negrín et al. 2009; Behie
et al. 2010).

2.1.3 Long Time Scale: Hair
Previously, the measurement of long-term, chronic cortisol secretion was difficult
and often was done by averaging multiple short or medium time scale samples. This
changed, however, when researchers found a way to identify and measure physio-
logical concentrations of cortisol in hair (Koren et al. 2002; Raul et al. 2004). The
concentrations of cortisol in hair are thought to reflect the average activity of the
HPA axis over a period of months. Hair is increasingly being used because it is easy
and noninvasive to collect, can be stored at room temperature, and requires only one
sample to provide a measure of long-term activation of the system. Although not yet
well understood, there are multiple pathways by which cortisol is thought to be
incorporated in hair. At the level of the hair follicle, it is thought that free cortisol can
passively diffuse from the bloodstream to be incorporated into actively growing hair,
similar to how cortisol gets into saliva. Cortisol is also contained in sweat and
sebaceous gland secretions, although it is unclear if this cortisol is only deposited
externally on the hair or if it is incorporated into the shaft (Meyer and Novak 2012).
Finally, there is evidence that the skin and follicle contain a peripheral mini-HPA
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axis that can synthesize and secrete cortisol (Ito et al. 2005). Much of the validation
for hair cortisol has been accomplished through correlations with multiple
measurements of saliva (Davenport et al. 2006; Bennett and Hayssen 2010;
D’Anna-Hernandez et al. 2011), or with urinary or fecal cortisol levels (Sauvé
et al. 2007; Accorsi et al. 2008). As the use of hair to assess cortisol levels is a
relatively new technique, factors that influence cortisol concentrations are still being
explored. For example, hair color has been shown to be associated with hair cortisol
levels in dogs but not humans (Sauvé et al. 2007; Kirschbaum et al. 2009), and
location of hair collection has been shown to impact hair cortisol concentrations in
grizzly bears and Canada lynx (Macbeth et al. 2010; Terwissen et al. 2013) but not
humans (Sauvé et al. 2007). To address these potential issues, hair should be
collected from a standardized location (often the posterior vertex of the head).
Hair cortisol levels are altered by rearing history, relocation, and population density
(Davenport et al. 2008; Dettmer et al. 2012, 2014).

2.2 Measuring Regulation of the HPA Axis

Regulation of the HPA axis can be assessed in two ways, (1) examining the diurnal
cycle of endogenous cortisol secretion and (2) administration of exogenous
hormones to test aspects of HPA axis regulation.

Measuring the diurnal cycle of cortisol secretion is most frequently accomplished
using blood or saliva samples collected in the morning and afternoon. Since these are
point samples that are susceptible to confounding events (see above), it is
recommended that samples be collected on more than 1 day to reduce the impact
of transient events on the measurements. The combination of both the level of
cortisol and the presence or absence of a decline over the day can provide important
information regarding alterations to the regulation of the HPA axis that can be
caused by stress. For example, both PTSD and some types of depression in humans
are characterized by flattened diurnal rhythms. These flattened rhythms are likely
due to different mechanisms, however. Individuals with depression can exhibit
elevated afternoon levels (hypercortisolemia). In contrast, individuals with PTSD
often have lower cortisol levels in the morning resulting in overall lower levels of
cortisol (hypocortisolemia) (Yehuda et al. 2004). While flattened rhythms are a
symptom of altered regulation of the HPA axis, it is not possible to determine
what aspect of the HPA axis is dysregulated from diurnal rhythms alone.

Pharmacological manipulation of the HPA axis provides the most detailed infor-
mation regarding how chronic stress impacts the HPA axis. This approach
introduces exogenous HPA hormones or analogs to test how particular tissues
respond. The administration of dexamethasone, a synthetic glucocorticoid, is the
most commonly used and provides information regarding the effectiveness of HPA
axis negative feedback (e.g., Capitanio et al. 1998). Generally, a low dose of
dexamethasone is administered in the afternoon or evening and then cortisol levels
are sampled the next morning. If negative feedback is operating, then the dexameth-
asone should inhibit somewhat the secretion of endogenous cortisol resulting in
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lower than normal cortisol levels the next morning. As stated above, flattened diurnal
rhythms can be a symptom of alterations to the regulation of the HPA axis. Evidence
from the dexamethasone test suggests that both the flattened diurnal rhythms seen in
individual with PTSD and depression can be explained by alterations to the negative
feedback of the HPA axis. In depression, hypercortisolemia is due to a failure of
negative feedback (i.e., dexamethasone does not suppress cortisol secretion (Yehuda
et al. 2004). Conversely, in the case of PTSD, there is enhanced cortisol suppression
after administration of dexamethasone, an indicator of particularly strong negative
feedback (Yehuda et al. 2004).

A second pharmacological approach can involve the administration of exogenous
ACTH to assess how strongly the adrenal gland responds. A strong cortisol response
after administration of ACTH could indicate a history of frequent or chronic activa-
tion of the HPA axis. Studies in rats have shown that with chronic or repeated
exposure to stressors, the adrenal gland becomes more responsive to ACTH and may
even become enlarged (i.e., adrenal hypertrophy and hypoplasia: Ulrich-Lai et al.
2006).

3 Sympathetic–Adrenal–Medullary System

The second major stress response system in the body is the sympathetic–adrenal–
medullary (SAM) system. The sympathetic nervous system (SNS) is one branch of
the autonomic nervous system; the other branch is the parasympathetic nervous
system (PNS). The autonomic nervous system innervates and helps regulate internal
organs—heart, blood vessels, kidneys, gastrointestinal (GI) tract, sexual organs,
etc.—and it generally accomplishes this regulation via parallel innervation of these
target organs by fibers of both the SNS and PNS.

The PNS is concerned with so-called vegetative responses—those physiological
processes that are typically active when an organism is in a low-activity state. These
processes involve digestion of food in the GI tract and storage of nutrients such as
glucose (in the form of glycogen), urination, defecation, and sexual arousal. The
PNS fibers that synapse onto effector organs employ acetylcholine as the neurotrans-
mitter. The SNS is more concerned with physiological processes that occur when the
body is in an activated state, whether due to eustress or distress—the response when
the SNS is activated is often referred to as the “fight or flight” response. The SNS
will speed up heart rate and dilate blood vessels to deliver blood to skeletal muscles,
suppress actions in the GI tract, initiate sweating, etc.—all functions that quickly
prepare the body for action. The principal neurotransmitter used by the SNS on
effector organs is norepinephrine (NE). Importantly, the PNS and SNS do not
operate in an all-or-none fashion; rather, they act in a complementary fashion—we
can say that, at any particular point in time, one branch of the autonomic nervous
system “predominates.” While reading this chapter, it is likely that your PNS is
predominant, but should someone in the office next door shout “Fire!” your SNS
would come to the fore to prepare you for action.
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One organ that the SNS innervates is the adrenal medulla. Recall from above that
the adrenal cortex is where glucocorticoids are synthesized and secreted. The adrenal
medulla is the inner part of the adrenal gland, and when stimulated by the SNS,
secretes into the circulation epinephrine (E; also called adrenalin) in large quantities,
and NE (also called noradrenaline) in smaller quantities. E and NE, secreted as
hormones by the adrenal medulla, can enhance the activity of the target organs that
were being stimulated directly by fibers of the SNS, which release NE, hence the
name of this stress-responsive axis as the sympathetic–adrenal–medullary system.
Once epinephrine and norepinephrine are released, they are metabolized by an
enzyme, catechol-O-methyltransferase (COMT), which is located in the extracellular
space. The metabolites are metanephrine and normetanephrine, respectively, which
are excreted in urine and can be measured relatively easily.

In contrast to the HPA system, which releases its effector molecule, cortisol, over
a period of minutes, the SAM system releases its effectors on the order of seconds.
This can provide some challenges to using blood-borne E and NE as indicators of
welfare—one runs the risk, especially with untrained animals, that the process of
collecting a blood sample could by itself cause levels of these hormones to become
elevated. Training the animals (e.g., Bloomsmith et al. 2022) to extend their arms for
phlebotomy, however, may prevent this rise. In one of our studies (Capitanio and
Cole 2015), we drew blood on well-trained animals in the mid-afternoon to assess E
and NE levels in control monkeys, in contrast to those that had been receiving
methamphetamine, a drug that can mimic (and stimulate) SAM activity. Our results
(Capitanio and Cole 2015, Fig. 5) showed that methamphetamine did indeed result
in elevated E and NE levels; more importantly, however, the levels for the control
animals were well within the range of basal concentrations reported in the classic
reference in this area (Mason et al. 1961). Training for phlebotomy, then, may result
in plasma concentrations of E and NE being useful point measures of activation of
the SAM system.

A better measure, however, may be urinary levels of metabolites (which, as with
urinary cortisol measurement, must be corrected for differences in urinary output
between animals, typically by assessing creatinine and expressing concentrations
relative to this measure). In a different study reported in a paper referenced above
(Capitanio and Cole 2015), adult male rhesus monkeys were placed into stable social
groups for a period of several weeks. Animals were then switched to socially
stressful conditions for a five-week period, after which they were switched back to
stable social conditions. Animals experienced either stable or unstable (stressful)
social conditions for 100 min/day; the remainder of the time, they were housed
individually. Urine was collected by placing a pan under their cage at approximately
1600 h, then collecting the urine at 0700 h the next morning. Our results (Capitanio
and Cole 2015, Fig. 2) demonstrated significantly elevated concentrations of E and
NEmetabolites in urine after only 2 weeks of daily social stress; these levels returned
to baseline when stable conditions were re-imposed. It is important to note that urine
collection occurred several hours after the animals had experienced their social
conditions, and almost certainly, they had urinated at least once between the end
of their social session and the placement of the pan under their cage, suggesting that
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our urine collection was not capturing the acute effects of the social manipulations.
Thus, while the dynamics of urinary concentration of the metabolites of substances
like E and NE are not well known, it is possible that urinary measures, collected in
this fashion, may indicate altered regulation of the SAM system resulting from the
experience of chronically stressful conditions. As such, measures of urinary
metabolites of SAM activity may be useful as indicators of well-being in captive
animals.

Finally, a measure of SAM activity that is of growing interest in the field of
human psychosomatic medicine is alpha-amylase concentrations in saliva. Fibers of
both the sympathetic and parasympathetic branches of the autonomic nervous
system (ANS) innervate salivary glands, and sympathetic activation increases secre-
tion of salivary proteins, one of which is alpha-amylase. Evidence suggests that
plasma NE levels and salivary alpha-amylase levels are correlated and that both can
be elevated by acute stress in humans (Rohleder et al. 2004; Nater and Rohleder
2009). To date, the only study in nonhuman primates that we are aware of that
examined this measure was by Petrullo et al. (2016). They found that alpha-amylase
concentration was associated with exposure to stressful situations, as well as to
variation in early life adversity in rhesus monkeys on Cayo Santiago. These
investigators also measured salivary cortisol concentrations and found an interesting
dissociation between cortisol and alpha-amylase levels in animals that had experi-
enced early life stress (specifically, maternal abuse). It is possible that, in a welfare
context, examination of both HPA and SNS measures together in saliva could
provide a window into regulation of stress–response systems.

4 Cardiovascular System

As just described, the two branches of the ANS, namely the sympathetic and the
parasympathetic, regulate the internal organs (Jänig 2008). Stress directly and
immediately impacts these functions, which support an animal’s response to the
stressor. When in distress, these responses prepare an animal for defense, flight, or to
freeze until the threat either passes or requires action (Cannon 1953). Baseline
characteristics of ANS activity are predictive of stress responses, how successfully
animals cope with stress, and whether they develop stress-related pathologies
(Porges 1995). Measuring animal welfare using the effects of stress on functions
governed by the ANS has been limited due to the largely transient nature of ANS
responses, as described in the previous section (Moberg 2000). Once the acute
period subsides, animals generally return to their homeostatically regulated baseline.
However, evidence suggests that in animals (including humans) with anxiety-related
psychopathologies, profiles of key ANS measures (primarily heart rate and heart rate
variability) are distinct from each other and vary separately in both stressful and
nonstressful conditions (examples discussed below) (Friedman and Thayer 1998;
Bachmann et al. 2003). Thus, both the concurrent and poststressor basal conditions
of the ANS are becoming more widely used to assess the acute and prolonged stress
responses of animals, including nonhuman primates, to the conditions and
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procedures experienced in captivity (e.g., von Borell et al. 2007; Grandi and Ishida
2015).

Heart rate patterns and changes have been used as physiological measures of
stress responses and welfare in a handful of primate studies (Rasmussen and Suomi
1989; Boccia et al. 1989; Line et al. 1990; Aureli et al. 1999; Novak 2003; Doyle
et al. 2008). Indoor-housed monkeys that engage in self-injurious behavior (SIB)
(see Lutz and Baker 2022) tend to have experienced stressful procedures and
management practices early in life and repeatedly (Novak 2003; Gottlieb et al.
2013). Rhesus monkeys with SIB exhibit increased HR shortly before self-biting,
a further increase in HR during biting, and then decrease back to baseline HR after
biting themselves (Novak 2003). Indoor-housed rhesus monkeys have heightened
HR during pair introductions, but then HR returns to baseline after introductions;
after a few months of pairing, HR can fall below baseline levels (Doyle et al. 2008).
Heart rate increases, however, are also expected during eustress or minor distress
(Hainsworth 1995). An animal with increased heart rate due to physical exertion
while playing or mating could not be said to be suffering reduced welfare, for
example. This means that it is difficult to interpret whether increased heart rate
associated with a normal but stressful event, such as an approach by a dominant
individual (Aureli et al. 1999), is actually distressing, or whether the lack of a change
in heart rate with a change in environment indicates it has no impact on welfare (e.g.,
increased cage size examined in Line et al. 1990).

Heart rate variability (HRV), which is a measure of the changes in time elapsed
between two beats (referred to as R-R intervals), has been shown to distinguish
between eustress and distress in a wide variety of mammals and has been used as a
measure of welfare in captivity (e.g., Sgoifo et al. 2001; Mohr et al. 2002; Geverink
et al. 2002; Bachmann et al. 2003; Rietmann et al. 2004; von Borell et al. 2007), and
HRV is determined by both vagal (parasympathetic) activity and sympathetic
activity and increased or decreased activity in either of these nerves changes the
balance that affects HRV; as such, HRV has been investigated as a useful measure of
autonomic regulation of the cardiovascular system. Healthy individuals exhibit
highly variable R-R intervals in response to the environment and internal state of
the animal. It appears that HRV may be used as a predictive measure of how well an
animal will cope with stress and an outcome for how distressed they are by their
environment. Distressing experiences suppress vagal tone, increase HR, and reduce
HRV; when such experiences are chronic, these cardiovascular effects can develop
into pathological disease states, such as diarrhea and cardiovascular disease (von
Borell et al. 2007). High vagal tone is associated with better behavioral regulation
and responsiveness to stress and changes in the environment. Infants and children
who are behaviorally inhibited tend to have high HR, low HRV, and vagal tone, and
are more likely to develop anxiety-related psychopathology later in life (Friedman
and Thayer 1998).

Measuring HR and HRV in primates usually requires that subjects are either
immobilized in some manner (e.g., chair restraint: Bliss-Moreau et al. 2013; Grandi
and Ishida 2015) or have a surgically implanted telemetry device, which allows data
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collection while the animal engages in normal activities (e.g., Boccia et al. 1989;
Doyle et al. 2008). Chair restraint allows for external monitoring and thus does not
require surgery, but eliminates normal activity patterns and interaction with the
environment and can only be used to measure ANS responses to controlled stimuli
(e.g., video playback, human–primate grooming). Implantable devices prevent
subjects and conspecifics from pulling at or removing the electrodes and wires
measuring cardiovascular function and allow the animals to engage in regular
activity during data collection but require a surgical procedure and recovery time.
Implanting a measurement device is of course more expensive in both time and
money, but it provides a more portable device that can be used over a longer period
of time. Data recorded by the devices can be transmitted to and stored on a computer.
Details of the output variables to create a HRV measure are provided in von Borell
et al. (2007) and Grandi and Ishida (2015).

5 Immune System

The notion that psychological factors can impact health and disease guides the field
of psychosomatic medicine. This idea also drives the field of psychoneuroimmunol-
ogy, although in this case, the focus is more on the mechanisms by which psycho-
logical factors affect neural (including neuroendocrine) and immune function. Given
that the goal of captive management of nonhuman primates is to keep the animals
both psychologically and physically healthy, one might expect that measures of
immunity might be usefully employed to assess well-being. In fact, there are many
studies that have been done with nonhuman primates that suggest measures that
might be useful. As with the previous sections, we will first provide a brief overview
of the immune system and then discuss measures that could be used in a welfare
context. While we will mention a variety of measures, our emphasis will be on easily
obtainable ones; as the reader might expect, much of immunology involves tissue
culture that requires considerable technical skill and specialized (and expensive)
equipment. We will describe these measures only briefly and emphasize simpler, less
expensive measures.

Given that the major function of the immune system is to protect the organism
from attack by potentially harmful bacteria, viruses, toxins, etc., and that these
substances could enter the body anywhere over the surface of the individual, it
should come as no surprise that tissues associated with the immune system are
widely distributed throughout the body. Primary lymphoid tissue—bone marrow
and the thymus—is where immune cells, particularly lymphocytes, are generated
from progenitor cells and mature. Secondary lymphoid tissue—lymph nodes, spleen,
and mucosa-associated lymphoid tissue [MALT], such as in the tonsils and lining of
the gastrointestinal tract—is much more distributed and is generally “where the
action” is: at these sites, immune cells encounter antigens (defined as a toxin or
foreign substance, such as a protein on a virus, that generates an immune response)
and initiate immune responses. Most widely distributed are the immune cells
themselves (usually referred to as leukocytes or white blood cells), which circulate
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through the blood and the lymphatic system, serving an essential surveillance role,
and traveling to sites of injury or to secondary lymphoid tissue to generate responses.

What kinds of responses are generated by the immune system? In general,
immune responses are classified into two types, innate and adaptive, and different
leukocytes are associated with each. We note, however, that this is a somewhat
artificial distinction, inasmuch as cells of these two systems usually work together to
generate immune responses. Nevertheless, there are some important differences.
Innate immune responses are usually the first line of defense against a pathogen,
allowing the organism to combat the microbe while more targeted, specific (i.e.,
adaptive), immune responses develop. For example, within hours of becoming
infected with a virus, a cell will produce high levels of proteins called interferons,
which inhibit replication of the virus and generally induce an antiviral state in the
affected cell. Interferons also activate natural killer (NK) cells, which are leukocytes
and which kill virally infected cells. These processes are “innate” in the sense that
they occur relatively automatically, and with consistent “strength” to virtually every
viral infection. This is in contrast to adaptive immunity, the key cell type of which is
the lymphocyte. When a pathogen is first encountered, only a few lymphocytes are
present in the organism that can detect that pathogen, and these cells become
activated and clonally expand. Over the course of the next couple of weeks, a highly
specific response develops to that specific microbe (or more accurately, to a protein
portion of the microbe—the antigen). Once the microbe has been eliminated, specific
immune responses linger—lymphocytes demonstrate “memory.” Should that same
microbe be encountered a second time, months, or years later, memory lymphocytes
will be able to quickly upregulate their responses, and so a very intense and targeted
immune response will occur much more rapidly. This is the rationale behind
vaccination—present the organism with an attenuated or killed version of a pathogen
in order to develop a specific immune response; later, should the organism encounter
the wild-type pathogen, the resources of specific immunity can be brought to bear
virtually immediately.

One final topic that should be addressed in our overview of the immune system is
a description of the soluble mediators of immunity. These are proteins that can be
found in blood that are the effector molecules of immune cells or that permit
communication between immune cells. We will consider two types of soluble
mediators. Cytokines (which includes interleukins, chemokines, and interferons)
are proteins that are produced by a variety of cell types, including immune and
nonimmune cells, and they serve communicative functions, generally promoting or
dampening immune responses. For example, interleukin-6 (IL-6) is a cytokine that
generally promotes inflammation (i.e., it is pro-inflammatory), while IL-10 is often
considered an anti-inflammatory cytokine. Inflammation is a process that has been
linked to a variety of diseases, such as heart disease, atherosclerosis, and asthma. The
second type of soluble mediator to discuss is antibody (also referred to as immuno-
globulin or Ig). Antibody is produced and secreted by B cells, which are a subset of
lymphocytes, and its main function is to identify and neutralize pathogens.
Antibodies are an important component of the vaccination response described in
the previous paragraph. They are also specific to antigens. For example, if you are
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immunized/vaccinated against tetanus, you will generate antibodies that will help
identify the toxin that is produced by the bacterium that causes tetanus. But that
immunization will not help you against pertussis, or diphtheria, or other diseases.
Often, once one is exposed to an antigen, antibodies will develop and will remain in
circulation for your lifetime (see Fig. 2). In other cases, immunity needs to be
renewed via “booster” immunizations.

This description is very simplistic, but it does provide a background to discuss
measures that might be useful in a welfare context. One point that must be
emphasized, however, is that the immune system does not operate in isolation,
although up until the last few decades, most physiologists believed that it did. We
now know that cells of the immune system contain receptors for a variety of
nonimmune substances. For example, nearly every cell type in your body contains
receptors for glucocorticoids such as cortisol. In immune cells, glucocorticoids,
which as steroids function to influence transcription of genes, generally have an
anti-inflammatory effect—that is, when glucocorticoid levels are high, immune cells
are more likely to decrease transcription and production of pro-inflammatory
cytokines. Similarly, immune cells also have adrenergic receptors, which are partic-
ularly sensitive to norepinephrine (Lorton and Bellinger 2015). Thus, the two major
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stress–response systems, HPA and SAM, are intimately involved in regulation of
immune responses.

With this as a background, what types of immune-related measures might be
valuable in assessing psychological well-being? As described at the beginning of
this section, there is a variety of measures that one could use. Many such measures
require advanced technical skills and/or specialized equipment. Examples of these
more complex measures that have been shown to be sensitive to chronic stress
include assessing the density of sympathetic innervation in lymph nodes (Sloan
et al. 2008); in vitro stimulation of cells to determine their responsiveness to an
antigen (e.g., Chun et al. 2013); or examination, in vitro, of how effectively cytokine
production is regulated by glucocorticoids (e.g., Hennessy et al. 2016). More
practical measures can be obtained via blood samples, although we note that all
such measures can be affected by many factors, such as the time of day the sample is
taken, illness, pregnancy, and eustressful experiences such as exercise; sampling
protocols must attend to these factors. Perhaps the simplest measures might be
counting the number of leukocytes (and subsets of leukocytes) in peripheral blood.
It has been known for decades that stress can result in changes in leukocyte numbers,
increasing numbers of some cell types, and decreasing numbers of others. This was
demonstrated experimentally, for example, by administering exogenous
glucocorticoids (Fauci and Dale 1974), or exogenous epinephrine (Crary et al.
1983). These cells, which are constantly circulating and performing a surveillance
function, are not being newly created or destroyed by the presence of these
hormones; rather, the change in numbers results from cells that move into and out
of the circulation.

The use of cell counts as indicators of welfare has been proposed before (e.g., Coe
and Scheffler 1989) and a literature review described studies in which immune
measures were used to examine effects of relocations and group formations
(Capitanio 1998). It is important to realize, however, that the very fact that immune
cell numbers are sensitive to stress-related hormones such as cortisol or epinephrine
implies that careful attention must be paid to sampling conditions. For example, in
our laboratory, whenever we draw blood from animals, especially when we are
drawing blood from multiple animals that are living in the same room, we always
collect timing information and make a distinction between disturbance time and
draw time. Consider a situation where there are nine animals housed individually in a
single room (Capitanio et al. 1996). We start a stopwatch as soon as we open the
door to the room (door-opening time). Then, as soon as we step in front of the first
cage, we record the time (cage-front time), and when the needle is withdrawn from
the animal’s arm (as with nearly all of our studies, we train animals to extend their
arms for blood sampling), we record the time again (needle time). Then, we move on
to the second animal, recording the cage-front and needle times, and so forth until we
withdraw the needle from the ninth animal. The draw time is calculated as the
amount of time we interact with each specific animal: the needle time minus the
cage-front time. The disturbance time reflects how long we have been “disturbing”
the room, and is the difference between the needle time and the door-opening time.
Draw time is usually on the order of about 2 min for each animal, while disturbance
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time cumulates—the disturbance time for the ninth animal will be substantially
greater than the disturbance time for the fourth animal, although the draw times
for each may be the same. When we analyzed the effects of draw and disturbance
times on the measures of interest to us, we found an important difference for cortisol
concentrations versus cell counts: As others have found, cortisol concentrations are
most sensitive to the amount of time it takes to obtain blood from the specific animal
(i.e., the draw time); samples obtained within a few minutes of first contacting the
animal typically do not result in cortisol elevations. In other words, the cortisol
concentrations for the ninth animal and for the first animal were equivalent (except
of course for individual variation); there was no effect of disturbance time on
cortisol. In contrast, significant effects of disturbance time were seen for counts of
leukocytes (Capitanio et al. 1996, Fig. 1): Neutrophil numbers were significantly
elevated after 12 min of disturbance time, while total lymphocyte numbers (and
especially the CD8+ lymphocyte subset) were elevated after 6 min of disturbance
(i.e., by the second or third of the nine animals). Because cortisol concentrations did
not change based on disturbance time, the elevated numbers of neutrophils and
CD8+ lymphocytes probably were related to elevations in concentrations of epi-
nephrine (which we did not measure in this study). These results indicate that careful
attention must be paid to the timing associated with sample collection when using
cell counts.

A second set of measures one could easily obtain from blood sampling includes
concentrations of cytokines. Although levels of some cytokines in blood may be too
low for detection in many individuals, studies have found that levels of some
cytokines are indeed stress-responsive (though, again, as with cell counts, they are
also responsive to a host of other processes: Zhou et al. 2010). For example, in a
meta-analysis of human studies, Steptoe et al. (2007) reported that the
pro-inflammatory cytokines IL-6 and IL-1-beta show robust increases in response
to acute stress. It is unclear to us, however, what information cytokine concentrations
might provide that is better than what one might obtain from examining cell counts,
or even cortisol concentrations.

A final blood-borne measure that merits strong consideration, in our opinion, is
the antibody response to vaccination (Fig. 2). As described earlier, antibody produc-
tion involves the coordination of sets of immune cells—the antigen is “processed”
by circulating antigen-presenting cells like monocytes, which then relocate to
secondary lymphoid tissue where interactions with B cells (which produce antibody)
occur; usually, T cells provide help (see Siegrist 2008 for an excellent discussion).
An antibody response to an administered vaccine, then, provides information on how
well the various components of immunity are working; as such, antibody responses
to vaccines get at aspects of regulation. Moreover, because the time frame for
developing an antibody response is on the order of many days to a few weeks,
antibody responses can reflect relatively long-term psychological conditions that the
animal may be experiencing, such as poor welfare; in this way, antibody responses
are similar to glucocorticoid measures one can obtain from hair samples, as
described above. Assessment of antibody levels to common vaccines like tetanus
toxoid can be easily accomplished with commercially available assay kits.
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So far, the measures we have been describing have all been obtained from blood
samples. Are there potentially useful measures found in other biological fluids? A
growing interest in the field of primate disease ecology has resulted in examination
of measures of immunity in urine or feces, substances that are more easily obtained
from animals in the field than is blood. Two recent papers (Higham et al. 2015;
Heistermann and Higham 2015) have examined measures of immunity in urine,
feces, and blood, and one measure in particular shows strong correlations between
blood and urine: neopterin. Neopterin is synthesized by monocytes upon stimulation
with interferon-gamma, a cytokine that is involved in inflammation, and neopterin
concentrations are typically characterized as reflecting general activation of the
immune system. Neopterin concentrations have been measured in urine for decades
in humans as evidence of disease (e.g., HIV disease: Fuchs et al. 1990), but have not
been used extensively as indicators of stress (though see Dunbar et al. 1993). While
the use of urinary and/or fecal measures of immunity remains rare in nonhuman
primate studies, we believe they hold promise for assessment of welfare in the future,
as we learn more about the dynamics of immune measures in these excreta.

6 Conclusion

As indicated in our introduction, we believe that physiological measures—particu-
larly if they are assessing regulatory aspects of biological systems, rather than simply
levels of analytes—may be especially useful measures of welfare, either alone or
combined with other measures, because they provide information on the internal
state of the animal that might not be apparent in its behavior. Moreover, the ability to
assess many of these measures in substances other than blood provides for measure-
ment in longer time frames, which may parallel more closely what we believe is an
important aspect of “well-being”—a persistent psychological state that is maintained
despite occasional, acutely stressful experiences. Interestingly, progress in develop-
ing new measures that can be assessed noninvasively may come from the growing
interest in primate disease ecology—a discipline in which options for sample
collection are limited. That primate disease ecology and captive animal management
share similar goals and problems highlights, in our opinion, the highly integrative
nature of primatology, and suggests closer communication between these two areas
might be mutually beneficial.
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Questionnaires and Their Use in Primate
Welfare

Marieke Cassia Gartner

Abstract

A variety of methods can be used to measure primate welfare, including, but not
limited to, behavioral observations, cognitive bias tests, and questionnaires. The
latter allows scientists to explore the individual primate’s attitudes and behavior,
as well as trends across groups. Questionnaires have been used to obtain an
estimate of animals’ personality, behavior, health, well-being, and more. Quanti-
tative questionnaires allow for comparisons between individuals, but also across
species. For primate welfare, they are a good way to access caretaker knowl-
edge—this is a vital measure, as caregivers are the best placed to assess welfare.
Like any methodology, questionnaires are not perfect, but with good design they
may be a useful tool among other measures to assess welfare. Questionnaires
have not been used extensively in primate welfare research, but there is evidence
to support their expanded use as they offer many benefits, including a broad
assessment of a state of being, economic efficiency, noninvasiveness, reliability,
and validity. A variety of questionnaire types are described, as well as pitfalls of
design and ways to address them.
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1 Introduction

Welfare is notoriously hard to measure (Mason and Mendl 1993). It is comprised of
several facets, including physical, emotional, and psychological health although
some scientists recently have argued that welfare is purely comprised of affect
(McMillan 2000; Whitham and Wielebnowski 2009). Physical health is self-
explanatory, but the difference between emotional and psychological health is
often confused. Emotional health is about expressing emotions appropriately; in
contrast, psychological health is cognitive—it is about focus, processing, and under-
standing information. While it has been studied in a variety of forms in humans (not
often called welfare, but well-being), for years, scientists would not attempt to
understand emotional or psychological health in nonhuman animals, arguing that it
was impossible to measure (Vanderwolf 1998; Fraser 1999). However, following the
work of Jane Goodall and others in individualizing animals, this attitude has changed
dramatically in the last 50 years. While some researchers still resist this type of
science, many are now considering how to measure emotional and psychological
health in nonhuman animals (e.g., Mendl et al. 2009).

Like in humans, physical health is addressed by medical professionals. When it
comes to emotional and psychological health, we must discover ways to “ask”
animals what their state of mind is and to get reliable answers. New ways of doing
this are being tested, including studying personality (see Robinson and Weiss 2022),
which has been shown to be related to well-being in a number of species, including
chimpanzees (Pan troglodytes King and Landau 2003), orangutans (Pongo spp.,
Weiss et al. 2006), and rhesus macaques (Macaca mulatta Weiss et al. 2011b);
measuring anticipatory behavior, which is goal-directed behavior that occurs during
the appetitive phase, and which is tied to both the dopaminergic and opioid systems
and therefore has implications for welfare (Watters 2014); and cognitive bias (see
chapter by Bethell and Pfefferle 2022), which can reveal a positive or negative state
of mind, and has been shown in a variety of species from bees (Bateson et al. 2011)
to dogs (Mendl et al. 2010) to chimpanzees (Bateson and Nettle 2015). These newer
ideas can be assessed with measures that have been used historically, such as
behavioral observations and questionnaires.

Behavioral observations are an important aspect of understanding welfare (Lutz
and Baker 2022). However, this type of methodology is subjective (although it is
usually seen as objective; Vazire et al. 2007) in that interpretation of behavior is
individual and limited to the number of observations made. Complex decisions must
be made in the creation of a behavioral coding system and in its use, for example, in
the definition and coding of ambiguous behaviors (Vazire et al. 2007). In addition, if
the behavioral observations are being used in an experiment with treatments, blinded
studies are recommended to ensure cueing is not occurring. Because it is often
assumed to be objective, behavior coding methodology is rarely reported and is
not always tested for reliability (Vazire et al. 2007). Observation times are rarely
often enough to counter the problem of measuring over context and time. To counter
this, some researchers limit observations to one observer, use basic behaviors to
avoid disagreement, and test reliability among observers when there is more than
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one. Behavioral coding requires expertise in a specific species’ behavior and there-
fore does not necessarily create a whole picture of welfare when used alone
(Meagher 2009). Questionnaires, however, allow caretakers to use their accumulated
knowledge of behavior and physical and mental states over different contexts and
time in order to give a multifaceted picture of welfare. They are mostly tested for
reliability, and methodology is usually outlined in detail. While the methodology of
questionnaires has been brought into question anecdotally in regard to subjectivity,
research has shown that they are not, in fact, subjective (Vazire et al. 2007) and are
not subject to anthropomorphism (Kwan et al. 2008). More research demonstrating
these ideas would be useful, to build a robust argument for their use. Questionnaires
can therefore be a useful tool for studying nonhuman animals, allowing for a very
focused (e.g., what is this animal’s personality?) or a multidimensional approach
(e.g., what is this animal’s state of welfare?). When it comes to measuring welfare,
however, it is often advised to use more than one measure, to ensure that the
interpretation of the measures all coincides. Behavioral observations may offer
information that questionnaires do not, and vice versa. Because welfare is a rela-
tively new science, and no one measure has been proven to measure welfare
perfectly for every individual without a doubt, pairing different methodologies
may allow for a fuller picture of welfare.

2 Design and Analysis

Questionnaires have been commonly used in psychology since at least the early
1800s (Gault 1907) through to the present day for a variety of purposes, from census
statistics to the measure of pain intensity to personality assessment. While the use of
questionnaires can be widely defined, here, I mean information that is gathered by at
least two observers about a single phenomenon (de Vaus 2014). This allows an
evaluation of characteristics of the subject at hand while addressing reliability of the
data. This type of methodology allows scientists to understand individual attitudes,
differences, behavior, and trends across groups comprised of these individuals.
Questionnaires may be conducted as one-on-one interviews or can be completed
anonymously, allowing for collection of both qualitative and quantitative data. The
former allows for more information, and possibly more complex responses, while
the latter allows for more privacy and is easier to administer (Marks 2004). In
addition, questionnaires allow for a broad collection of data that may include more
than one type of psychological construct. One does not have to just measure anxiety,
for example, but can measure welfare as a whole. Finally, questionnaires are always
noninvasive, which is of utmost importance when measuring welfare. First, nonin-
vasive measures, by definition, do not decrease welfare. Next, questionnaires, unlike
invasive methodologies, do not interfere with the measurement of welfare itself. That
is, the welfare of an animal suffering physically or mentally from an invasive

Questionnaires and Their Use in Primate Welfare 257



treatment may not bare data that are reflective of the animal’s emotional state or
normal behaviors.

While generally considered a reliable and valid method of assessment (Donsbach
1997), questionnaires are not without their problems—for example, response effects
(de Vaus 2014) or responder bias (Meagher 2009) may affect data and therefore
analysis and results. This requires questionnaires to be created very carefully to
avoid response effects due to word choice, closed or open format questions, question
order, length of questionnaire, and which subjects complete it (Anastasi and Urbina
1997). For example, a closed format question, which may require a yes/no response,
may not allow for enough information to assess the phenomenon at hand, as well as
encouraging a response whether one is known or not (e.g., Waterman et al. 2001),
while an open format question allows the responder to give not only more informa-
tion, but also more nuanced information, although it must be worded carefully to
elicit the needed data (Schuman and Scott 1987; Schwarz 1999). The benefits of
closed format questions—ease of use and analysis—are not enough to counter the
problems they pose—especially in the form of leading or confusing questions, or not
giving enough information to get the answer needed. Generally speaking, then, open
format questions are preferred, if designed correctly. Without attention to these
aspects of questionnaire design, bias may be introduced, and answers may not be
accurate. In addition, response biases may prove problematic, especially when
asking questions about welfare. Caretakers may feel pressured to answer more
positively if they are worried that a low welfare score may reflect badly on them.
This can be addressed by having multiple raters—usually biases are not consistent
across raters (Block 1961). Other ways to avoid responder bias are using careful
wording, blinding respondents to the study goals, and, if possible, using disinterested
observers (Meagher 2009), and by omitting identifying information so that
respondents may be kept anonymous.

Clarity and conciseness help to ensure comprehension and that you are asking
exactly what you want to know. Length is important so that subjects will fill the
questionnaire out and not get mental fatigue, but long enough to get at what you
want. This is true, of course, of any methodology—it must be well structured in
order to ensure the resulting data are reflective of the question being asked. There are
many articles and books that focus on designing questionnaires and carrying out
analyses (e.g., de Vaus 2014), so I will not focus on that here. Instead, I will focus on
the use of questionnaires for assessing primate welfare.

Like any methodology, choosing the right analytic tools is essential to using
questionnaires. The same questions may be asked of quantitative questionnaire data
that are asked of any data—are the data normally distributed? Should I use
parametric or nonparametric tests? Should I reduce the data to a smaller number of
variables or try to define it as is? As with any data, reliability and validity should
always be tested.
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3 The Need for Reliable Methodology in Studying Welfare

Primates are used extensively in laboratories (61,950 were reported in use during
fiscal year 2015 in the USA alone; U.S. Department of Agriculture 2016), for both
behavioral and medical science (for review, see Prescott 2022; Buchanan-Smith
et al. 2022). In addition, they are widely kept in zoos (Baker and Farmer 2022).
Because humans have put them in these situations, we therefore have the responsi-
bility of addressing their welfare so that they are living the best lives they can.
Assessing primate welfare poses interesting challenges. Because nonhuman
primates are so closely related to us, welfare indicators, such as huddling in a corner
or play behavior with social partners, may be easier to identify; however, the risk of
anthropomorphism is high (anecdotally, zoo visitors often assume primate facial
expressions are similar to ours) and must be addressed to ensure that welfare is being
assessed correctly. This is why it is so important that people filing out the
questionnaires have extensive experience with the individual animals being
assessed.

There is evidence that human caregivers (e.g., parents of a sick child) are better
than clinicians at assessing psychological states (as opposed to physical ones) such
as anxiety or depression (Bryan et al. 2005). Similarly, animal caretakers spend most
days with their animals, and know them intimately, making them the best possible
assessors of an animal’s state across context and time (Whitham and Wielebnowski
2009; Meagher 2009). For example, inter-rater agreement on rhinoceros behavior
across 19 facilities was significant a majority of the time (Carlstead et al. 1999).
While the study of welfare focused on problematic or abnormal behaviors for years,
from reducing pain and suffering to addressing basic needs (Mench 1998), more
recently, welfare scientists are trying to measure welfare as a whole by including
positive and negative states. This has led to the study of well-being and quality of life
in addition to stereotypies and other negative behavior. Questionnaires are useful for
this all-around approach. They allow for a deeper assessment beyond common
psychological testing of anxiety and fear, which, by exposing animals to a stressor,
defeats the purpose of trying to improve their welfare, as well as missing an
opportunity to assess overall welfare (Boissy et al. 2007). The flexibility of a
questionnaire—the ability to ask any number of questions on any number of
topics—lends itself to a well-rounded assessment of welfare that takes into account
both negative and positive experiences. Of course, questionnaires are not the only
tools used to measure positive welfare—as the focus on positive welfare has
increased, so has the experimentation with tools to measure it, including cognitive
bias testing, anticipatory behavioral testing, hormonal testing (e.g., IgA, alpha-
amylase, and oxytocin), and sensory testing.
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4 Different Types of Questionnaires for Studying Primate
Welfare

Questionnaires have been used with animals to measure physical traits for decades
and began to be used for behavioral traits first on chimpanzees (Crawford 1938) and
then more widely in the 1970s, when Buirski et al. (1973) measured emotional and
social behavior in baboons, and Buirski et al. (1978) and Stevenson-Hinde and Zunz
(1978) measured chimpanzee and rhesus macaque personality, respectively. Since
then, it has become the method of choice of many personality scientists. However,
questionnaires have not been used extensively to assess primate welfare (Robinson
et al. 2016), but in the cases where they have, they have shown to be effective. The
study of subjective well-being offers a good example. Subjective well-being in
humans is comprised of emotional responses, domain satisfactions (such as work,
family, leisure, health, finances, self, and group), and global judgments of life
satisfaction (Diener et al. 1999) and can generally be defined as happiness. King
and Landau (2003) showed that well-being can be reliably assessed in chimpanzees
by creating a questionnaire based on several aspects of well-being studied in
humans. Caretakers were asked to rate chimpanzees on four items on a seven-
point scale. The first, overall mood, asks raters to assess the balance of positive vs
negative moods in the individual. The second, the effect of social interactions, asks
raters how satisfying social interactions are for the individual. The third measures
personal control by asking how successful the individual is at achieving its personal
goals, and the fourth asks how happy the rater would be if they were the individual
for a week. They found that all four components were represented by a single
variable that described chimpanzee well-being.

Weiss et al. (2006) measured well-being reliably in orangutans using a similar
methodology. Subsequently, Weiss et al. (2011a) showed that, as in humans, well-
being affects other aspects of orangutan life: Happier orangutans (as measured by the
subjective well-being questionnaire mentioned above) live longer lives. Similarly,
rhesus macaques can also be reliably rated on well-being, which is stable across time
in this species (Weiss et al. 2011b). These data can be useful in not only assessing
primate welfare, but also addressing individuals who may be at greater risk for
decreased welfare, as well-being is heritable not only in humans (Bartels 2015), but
also in nonhuman primates (Weiss et al. 2002; Adams et al. 2012). That is, genetic
factors explain about 35% of the variance in well-being in humans (Bartels 2015)
and 40% in chimpanzees (Weiss et al. 2002). Thus, some animals may start out at
greater risk due to their heredity—if this is known, attempts may be made to address
the problem or possible problems before they start.

Another use of questionnaires to assess welfare was developed by the Chicago
Zoological Society. The WelfareTrak® system was designed to track the welfare
status of individuals over time (Whitham and Wielebnowski 2009). Caretakers
complete species-specific questionnaires weekly, which include 10–15 indicators
of both positive and negative physical and emotional/psychological well-being. The
system flags any scores that are especially positive or negative, allowing the zoo to
track individual preferences and states over time. This allows for quicker responses
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to potential problem behaviors, but also assessment of interventions that may be
having a positive impact. Anecdotal evidence suggests that the system may work to
increase welfare by proactively identifying welfare issues, evaluating successes,
promoting discussion, and gaining insight into individuals.

To try to assess overall welfare, Robinson et al. (2016) developed a 12-item
questionnaire specifically designed to assess welfare and tested it on brown capuchin
monkeys (Sapajus apella). In addition to questions on physical health, quality-of-life
measures (McMillan 2005), comprised of social relationships, mental stimulation,
health, stress, and control over both the social and physical environment, were also
included. These data were then compared with subjective well-being ratings as
described earlier, locomotor stereotypy, and personality traits. They found high inter-
rater reliability and that happiness correlated with welfare to form a single component.
They also found that capuchins exhibiting stereotypies were rated lower in welfare.
These results are useful in that a short questionnaire can be administered to assess
welfare and therefore give a tool to caretakers to address any problems found.

A similar study was conducted with chimpanzees (Robinson et al. 2017). Using
welfare, well-being, and personality questionnaires, the authors found that welfare
and well-being were related and that a lower rating on the combined welfare/well-
being rated was associated with regurgitation, coprophagy, urophagy, and decreased
proximity to nearest neighbor. In addition, higher extraversion and lower neuroti-
cism were related to higher welfare/well-being.

A slightly different methodology for assessing welfare that also employs a
questionnaire is qualitative behavior analysis (Wemelsfelder et al. 2001), which
was developed for farm animals and has not yet been used in studies of primates.
Using free choice profiling, observers come up with their own words to describe an
animal after observing them for a certain period, and then, they rate the animals using
their own words. Independent observers consistently show agreement in their
descriptions and ratings. While the method uses personality terminology, it extends
its use to assess a current state of welfare through behavior. For example, if a sheep is
alert and active, is it also calm, or is it fearful (Wemelsfelder 2007)? How that animal
is handled would be dependent on the latter assessment, and without knowledge of
both the species and the individual, that animal’s welfare could be impacted.

This method has shown high interobserver reliability, repeatability, and observer
detection of individual differences (Wemelsfelder et al. 2001) and has been validated
with correlations to physical parameters including core body temperature, heart rate,
plasma glucose, and the neutrophil:lymphocyte ratio in cattle. In sheep, it has been
validated with heart rate, heart rate variability, and core body temperature. It also is
related to experience vs. naiveté of road transport in cattle (Stockman et al. 2011) and
sheep (Wickham et al. 2012). Similarly, an association was found between traits
defined with this method and the before-and-after results of a drug known to
decrease aggression and stress in pigs (Rutherford et al. 2012). Qualitative behavior
analysis could clearly be used with primates in any captive environment since its
requirements could easily be handled by caretakers. Its advantages include quick
assessment (most studies had subjects observe animals for only 10 min) and a
methodology that has been repeatedly validated and has proved reliable for assessing
an animal’s state of welfare.
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Most recently, scientists have been attempting to assess what they are calling
“quality of life” (QoL). This is mostly an equivalent to welfare or well-being
(McMillan 2000), and its measurement is usually based on human scales, mostly
in questionnaire form (McMillan 2000). These questionnaires tend to be similar to
well-being and welfare measures and attempt to assess an overall state of an animal.
Historically, quality of life was used to assess suffering in animals, as a timeline for
euthanasia. As the focus on positive welfare has grown across fields, quality-of-life
measures have expanded to include affective state and physical state, bringing the
assessments closer to those of well-being and welfare. Just as in well-being and
welfare, quality of life can be referred to as happiness (Belshaw 2018). There is no
consistent methodology for quality of life, as it has not been used as formally as
welfare and well-being have. It is important, as this tool develops, to distinguish it
from those two measures, in order to allow comparison and to ensure that we are
discussing the same thing when comparing methodologies.

Clearly, there is more work to be done on assessing primate welfare. Keeping in
mind good design, and the possible pitfalls of a poorly created questionnaire,
questionnaires can be a useful tool to aid in this goal, incorporating caretaker
knowledge in a quick, economical way to reliably assess welfare. Because welfare
is still a new science, it is nevertheless recommended to combine methodologies,
from physiological measures to behavioral observations, to ensure that measurement
and interpretation are as accurate as possible.
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Part III

Nonhuman Primate Housing and Husbandry



Meeting Cognitive, Behavioral, and Social
Needs of Primates in Captivity

Catherine F. Talbot, Lisa A. Reamer, Susan P. Lambeth,
Steven J. Schapiro, and Sarah F. Brosnan

Abstract

Addressing the welfare needs of nonhuman primates in captivity is a significant
challenge due to the differences among different species, sexes, ages, dominance
groups, and individuals. Interventions that increase species typical behaviors
and/or reduce atypical behaviors or stress for one species, group, individual, or
context may cause the opposite in others. One area that has recently gained
substantial attention is species’ cognitive needs, which are particularly important
for highly encephalized species such as nonhuman primates. In addition, behav-
ioral and social needs are critical for species that have extended life spans and live
in complex social groups. In this chapter, we summarize the cognitive, behav-
ioral, and social needs of primates, focusing on the ways in which they vary
among species. As we cannot cover each of the hundreds of primate species, we
focus on issues that are likely to be important for most of us involved in research
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and captive management and draw examples from taxa commonly held in
captivity, including apes, macaques, callitrichids, and capuchin monkeys. In
each section, we outline the ecological or evolutionary basis of primates’ needs
and discuss behavioral management strategies designed to meet these needs in
captive settings. We hope that this summary of the cognitive, behavioral, and
social welfare needs of captive nonhuman primates is useful in informing which
enrichment strategies will be the most effective for which species and context.

Keywords

Delay of gratification · Planning · Memory · Tool use · Theory of mind · Social
learning · Social interaction · Welfare

1 Introduction

Nonhuman primates (hereafter “primates”) are a diverse group of species whose
evolutionary proximity to humans (who are primates) and large brain size led to the
hypothesis that they have similarly complex needs as humans that must be under-
stood and addressed. Indeed, in their natural habitat, primates engage in numerous
behaviors that indicate advanced cognitive ability, such as self-control, causal
understanding, tool use, planning, and problem-solving (Tomasello and Call
1997). This is particularly true in the social domain as primates engage in social
learning, triadic awareness, and even deception (Byrne and Whiten 1988; Whiten
and Byrne 1997). The lack of these challenges in captivity may therefore lead to
boredom and frustration (Meehan and Mench 2007). Thus, a recent focus in primate
welfare has been on addressing cognitive needs by providing captive primates with
ecologically appropriate challenges and social complexity (Clark 2011; Schapiro
et al. 2014). However, while both are clearly important, they also vary substantially
in the Primate order due to differences in ecology and life history, meaning that there
is no one-size-fits-all solution to these problems. The goal of our chapter is to outline
cognitive abilities and social and behavioral needs in primates, which we see as a
foundation on which decisions about enrichment can be made. While we do make
some recommendations for enrichment and welfare, we refer readers to other
chapters within this volume for additional details and evidenced-based practices.

The goal of enrichment is to provide a living situation that functionally simulates
natural environments and provides individuals with opportunities to perform
species-typical behaviors at rates similar to their wild-living counterparts (Schapiro
et al. 2014). However, the species-specific nature of primates’ cognitive and behav-
ioral needs is a challenge to addressing this. Indeed, interventions that benefit one
species may increase stress in another. For example, novel objects are standard
enrichment for most primates; however, owl monkeys are susceptible to neophobia
and caution must be used when introducing novel items to their environment
(Ehrlich 1970; Tardif et al. 2006). Moreover, primates exhibit individual differences
in cognition, behavior, and sociability, both across demographic categories and as

268 C. F. Talbot et al.



idiosyncratic differences. Thus, aside from considering species-level differences,
maintaining well-being should incorporate individuals’ preferences.

In this chapter, we summarize how each of the abovementioned needs is related to
the environment in which the species evolved. We choose a subset of interventions
and discuss the ways in which they have (or have not) helped and provide some
general guidelines on how to determine whether an intervention will benefit the
animals. Although most studies focus on a select few, commonly studied groups
(great apes, particularly chimpanzees; macaques, particularly rhesus macaques; and
select New World species, particularly callitrichids and capuchin monkeys), here we
provide extensive tables that, for a broad array of species, outline basic social and
ecological factors that affect their natural behavior in the wild with the hope that they
will provide a starting point for those interested in improving welfare and enrichment
in their species. The overall goal of this chapter is to allow individuals who are
interested in beginning or improving a cognitive enrichment program to better
understand the context-specific issues involved. We hope this will promote educated
decisions on how to best incorporate species’ natural socioecology and evolutionary
history.

2 The Influence of Ecology and Evolution on the Needs
of Captive Primates

2.1 Cognitive Needs

A unifying feature of primates is their impressive cognitive abilities. Cognition is
broadly defined as how sensory input is acquired, processed, stored, and acted upon,
and involves processes such as learning, memory, causal reasoning, and problem-
solving (Shettleworth 2010). Primates’ aptitude for complex cognition makes them
particularly interesting as subjects for studies of the evolution of intelligence, but it
also means that they are predisposed to get bored and require substantial cognitive
enrichment. “Occupational enrichment,” a term that emerged in the 1980s,
emphasizes providing animals with opportunities to voluntarily “work” and occupy
their time with species-relevant problems (Schapiro et al. 2014). Over the past
decade, scientists have seen the emergence of “cognitive enrichment,” a subset of
enrichment that specifically aims to stimulate the cognitive skills of animals.

Clark (2011) defined cognitive enrichment as “tasks whose use (1) engages
evolved cognitive skills by providing opportunities to solve problems or control
some aspect of the environment, and (2) is correlated to one or more validated
measures of well-being.” To evaluate cognitive enrichment, we must first know and
understand the cognitive skills that we are trying to stimulate (Tables 1, 2, 3 and 4).
Therefore, in the following section we outline primary cognitive needs of primates
and comment on ways in which we can best meet those needs in captivity.
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Table 1 Relevant information on foraging behavior and environment for the behavioral manage-
ment of captive nonhuman primates

Captive
recommendation

Foraging behavior Environment

Provide enrichment that simulates
natural feeding behavior

Ensure enclosures have both adequate
floor space and climbing/resting
structures off the ground

Taxa Foraging Citations Habitat Citations

Chimpanzees Extractive
foragers, primarily
frugivores and
omnivores

Goodall
(1986)

Terrestrial/
arboreal

Wild: Doran (1996)

Captive: Pruetz and
McGrew (2001);
Reamer et al. (2017)

Gorillas Folivores Robbins
(2011)

Terrestrial/
arboreal
(some)

Wild: Robbins (2011)

Captive: Ross et al.
(2011)

Orangutans Primarily
frugivores/
folivores

Knot and
Kahlenberg
(2011)

Arboreal Wild: Knot and
Kahlenberg (2011)

Gibbons Primarily
frugivores

Bartlett
(2011)

Arboreal Wild: Bartlett (2011)

Colobus
monkeys

Folivores Fashing
(2011)

Arboreal Wild: Fashing (2011)

Patas monkeys/
vervets/guenons

Primarily
frugivores/
folivores;
omnivores

Jaffe and
Isbell
(2011)

Terrestrial/
arboreal
(mostly)

Wild: Jaffe and Isbell
(2011)

Mangabeys Omnivores Swedell
(2011)

Terrestrial/
arboreal

Wild: Swedell (2011)

Mandrills/drills Omnivores Swedell
(2011)

Terrestrial/
arboreal

Wild: Swedell (2011)

Baboons Extractive
foragers,
omnivores

Dunbar
(1992);
Swedell
(2011)

Mostly
terrestrial

Wild: Swedell (2011)

Captive: Lutz and
Neville (2017)

Macaques Primarily
frugivores/
folivores

Thierry
(2011)

Terrestrial/
arboreal

Wild: Thierry (2011)

Captive: See
Winnicker et al. (2013)

Spider monkeys Frugivores DiFiore
et al. (2011)

Arboreal Wild: Di Fiore et al.
(2011)

Howler
monkeys

Folivores DiFiore
et al. (2011)

Arboreal Wild: Di Fiore et al.
(2011)

Squirrel
monkeys

Primarily
insectivores and
frugivores

Jack (2011) Arboreal Wild: Jack (2011)

Captive: Williams
et al. (1988)

Capuchins Extractive/
destructive
foragers,
omnivores

Dunbar
(1992); Jack
(2011);
McKinney
(2011)

Arboreal Wild: Jack (2011)

(continued)
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2.1.1 Physical Cognition
Primates in general have complex cognitive abilities, which they use to manipulate
their environment. Physical cognition includes the skills that organisms use to
interact with their physical (as opposed to social) environments. Much of this
takes place in the context of food acquisition, no doubt in large part because in the
wild, food acquisition dominates most species’ time budget (Table 5). This becomes
a problem in captivity, where humans provision food, giving primates little oppor-
tunity to “exercise” these cognitive skills. Below, we briefly describe primates’
capacities in several areas of physical cognition and indicate the type of enrichment
that may be useful.

2.1.1.1 Delay of Gratification and Self-Control
Delay of gratification, sometimes called self-control, is the ability to forego an
immediate reward to obtain a better but delayed reward (Rachlin and Green 1972),
and is considered a prerequisite for complex goal-directed behavior, such as cooper-
ation and planning (Mischel 1974). Delay of gratification plays a role in foraging in
some species and is likely to be of importance in all species in social contexts.
Several paradigms have been designed to examine self-control in captive primates,
including “smaller sooner—larger later” tasks (Bramlett et al. 2012), delayed
exchange tasks (Judge and Essler 2013), and accumulation tasks (Evans and Beran

Table 1 (continued)

Captive
recommendation

Foraging behavior Environment

Provide enrichment that simulates
natural feeding behavior

Ensure enclosures have both adequate
floor space and climbing/resting
structures off the ground

Taxa Foraging Citations Habitat Citations

Titi monkeys Primarily
frugivores

Norconk
(2011)

Arboreal Wild: Norconk (2011)

Owl monkeys Primarily
frugivores

Fernandez-
Duque
(2011)

Arboreal Wild: Fernandez-
Duque (2011)

Captive: Baer et al.
(2012)

Marmosets/
tamarins

Marmosets:
Extractive
foragers,
exudativores/
insectivores;
Tamarins:
Omnivores

Dunbar
(1992);
Digby et al.
(2011)

Arboreal Wild: Digby et al.
(2011)

Lemurs Primarily
frugivores/
omnivores

Gould et al.
(2011)

Arboreal Wild: Gould et al.
(2011)
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Table 2 Relevant information on hunting and tool use for the behavioral management of captive
nonhuman primates

Captive
recommendation

Hunting Tool use

Offer cognitive studies that
simulate this behavior

Provide enrichment that requires tool use
or offer cognitive studies that utilize tools

Taxa
Trait
present Citations

Trait
present Citations

Chimpanzees Yes Wild: Goodall
(1986); Pruetz
and Bertolani
(2007)

Yes Wild: Goodall (1986); Pruetz
and Bertolani (2007)

Captive:
Johnson et al.
(2013); Reamer
et al. (2017)

Captive: Pruetz and McGrew
(2001); Reamer et al. (2017)

Gorillas No Wild: Robbins
(2011)

Yes Wild: Breuer (2005)

Captive: Lonsdorf et al. (2009);
Mulcahy et al. (2005); Fontaine
et al. (1995)

Orangutans Yes,
“slow
loris
capture
and eat”

Wild: Russon
et al. (2009)

Yes Wild: Galdikas (1989); van
Schaik et al. (1999); van Schaik
and Knott (2001); Fox and
Bin’Muhammad (2002)

Captive: Call and Tomasello
(1994)

Gibbons No – Yes Wild: Baldwin and Teleki
(1976); van Schaik et al. (1999)

Captive: Cunningham et al.
(2006); Hill et al. (2011)

Colobus
monkeys

No – Yes Wild: Starin (1990);
Struthsaker (1975)

Patas monkeys/
vervets/guenons

No – Yes Wild: Pollack (1998); van
Schaik et al. (1999); Worch
(2001)

Captive: Santos et al. (2006)

Mangabeys No – Yes Wild: van Schaik et al. (1999)

Captive: Kyes (1988)

Mandrills/drills No – Yes Wild: van Schaik et al. (1999)

Baboons Yes Wild: Harding
(1975); Butynski
(1982)

Yes Wild: Hamilton and Tilson
(1985); van Schaik et al. (1999)

Captive: Benhar and Samuel
(1978); Beck (1973a, b)

(continued)
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2007). The first two require subjects to choose between a smaller/less valuable
reward (or token, for exchange tasks) sooner and a larger/more valuable one later,
while the latter requires subjects to avoid reaching for accumulating rewards to
obtain additional ones.

A species’ ability to delay gratification in these paradigms is hypothesized to
relate to the selective pressures a species encounters in its natural environment, and
researchers have demonstrated relationships between delay of gratification and

Table 2 (continued)

Captive
recommendation

Hunting Tool use

Offer cognitive studies that
simulate this behavior

Provide enrichment that requires tool use
or offer cognitive studies that utilize tools

Taxa
Trait
present Citations

Trait
present Citations

Macaques Some
species

Wild: Sushma
and Singh
(2008); Young
et al. (2012)

Yes Wild: Chiang (1967); van
Schaik et al. (1999)

Captive: Anderson (1985); Iriki
et al. (1996); Zuberbühler et al.
(1996); Beck (1976)

Spider monkeys No – Yes Wild: Rodrigues and
Lindshield (2007); Lindshield
and Rodrigues (2009)

Captive: (No) Gibson (1990)

Howler
monkeys

No – Yes Wild: Richard-Hansen (1998);
van Schaik et al. (1999)

Squirrel
monkeys

No – Yes Wild: van Schaik et al. (1999)

Captive: (Yes) Buckmaster
et al. (2015); (No) Westergaard
and Fragaszy (1987); Gibson
(1990)

Capuchins Yes Wild: Rose
(1997)

Yes Wild: Boinski (1988); van
Schaik et al. (1999); Canale
et al. (2009)

Captive: Anderson and
Henneman (1994);
Westergaard and Fragaszy
(1987)

Titi monkeys No – No Wild: van Schaik et al. (1999)

Owl monkeys No – No Wild: van Schaik et al. (1999)

Marmosets/
tamarins

No – Yes Wild: Stoinski and Beck (2001)

Yamazaki et al. (2011); Hauser
et al. (2002); Santos et al.
(2006)

Lemurs No – No Wild: van Schaik et al. (1999)

Yes: Santos et al. (2005)
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Table 3 Relevant information on mirror self-recognition and cooperation for the behavioral
management of captive nonhuman primates

Captive
recommendation

Mirror self-recognition Cooperation

Provide a mirror for enrichment within
or near enclosure, allowing both self-
inspection and visual access to
otherwise inaccessible areas

Provide enrichment that requires
cooperation or offer cognitive
studies that require cooperation
with a social partner

Taxa
Trait
present Citations

Trait
present Citations

Chimpanzees Yes Gallup (1970); Suárez and
Gallup (1981); Inoue-
Nakamura (1997); Lethmate
and Ducker (1973);
Tomasello and Call (1997);
Schapiro and Lambeth
(2010); Menzel et al. (1985);
Lambeth and Bloomsmith
(1992)

Yes Wild: Boesch (2002);
Jaeggi et al. (2013)

Captive: Brosnan
et al. (2011); Proctor
et al. (2013); Suchak
et al. (2014)

Gorillas Yes Patterson (1984); Inoue-
Nakamura (1997); debated:
Suárez and Gallup (1981);
Tomasello and Call (1997);
Zaragoza et al. (2011)

Yes Wild: Harcourt and
Stuart (2007)

Orangutans Yes Lethmate and Ducker (1973);
Suárez and Gallup (1981);
Inoue-Nakamura (1997);
Tomasello and Call (1997)

Yes

Captive: Chalmeau
et al. (1997); Call and
Tomasello (1994)

Gibbons No Lethmate and Ducker (1973);
Inoue-Nakamura (1997);
Tomasello and Call (1997)

– –

Colobus
monkeys

No Shaffer and Renner (2000) – –

Patas monkeys/
vervets/guenons

No Hall (1962); Harris and
Edwards (2004)

– –

Mangabeys No Escuin, unpublished video
data (2014)

– –

Mandrills/drills No Lethmate and Ducker (1973);
Tomasello and Call (1997)

– –

Baboons No Lethmate and Ducker (1973) Yes

Captive: Beck
(1973a, b)

Macaques No Lethmate and Ducker (1973);
debated: Anderson and
Gallup (2011); Inoue-
Nakamura (1997); Tomasello
and Call (1997); Coleman
et al. (2012); Itakura (1987);
Anderson (1986)

Yes Wild: Berghänel et al.
(2011) (coalitions)

Spider monkeys No Lethmate and Ducker (1973);
Tomasello and Call (1997)

– –

(continued)
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species’ allometric variables (e.g., body size, metabolic rates, and life span), social
dynamics, and ecology. If the hypothesis is correct, higher metabolic rates, due to
either smaller bodies or shorter life spans, should correlate with choosing fewer
delayed rewards, which indeed has been found (Stevens 2014). Similarly, subjects
living in more complex social groups are hypothesized to have better delay of
gratification, and indeed, primates living in fission–fusion groups show greater
behavioral inhibition than primates that live in more cohesive groups (Amici et al.
2008). Finally, ecology is hypothesized to play a role; for example, marmosets, who
feed on plant exudates, show significantly longer delay skills than tamarins, who
specialize on insects, the hunting of which may require greater impulsivity (Stevens
et al. 2005). Thus, when choosing enrichment devices, it is important to consider
allometric variables and choose devices that are sufficiently, but not overly, chal-
lenging (e.g., artificial gum feeders for captive callitrichids) (Roberts et al. 1999).

Table 3 (continued)

Captive
recommendation

Mirror self-recognition Cooperation

Provide a mirror for enrichment within
or near enclosure, allowing both self-
inspection and visual access to
otherwise inaccessible areas

Provide enrichment that requires
cooperation or offer cognitive
studies that require cooperation
with a social partner

Taxa
Trait
present Citations

Trait
present Citations

Howler
monkeys

– – – Wild: Pope (2000)

Squirrel
monkeys

No Inoue-Nakamura (1997) Yes Wild: Boinski (1987);
Mitchell (1994)

Captive: Talbot et al.
(2014) (limited)

Capuchins No Lethmate and Ducker (1973);
Anderson and Roeder
(1989); Anderson et al.
(2009); Inoue-Nakamura
(1997); Tomasello and Call
(1997); Anderson and
Roeder (1989); Marchal and
Anderson (1993)

Yes Rose (1997)

Takimoto and Fujita
(2011); Mendres and
de Waal (2000);

Titi monkeys No Fisher‐Phelps et al. (2015) – –

Owl monkeys No – – –

Marmosets/
tamarins

No Inoue-Nakamura (1997);
debated: Anderson and
Gallup (1997)

Yes Wild: Garber (1997)

Captive: Werdenich
and Huber (2002)

Lemurs No Inoue-Nakamura (1997) – –
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Table 4 Relevant information on problem-solving behavior and other species-specific behavior
for the behavioral management of captive nonhuman primates

Captive
recommendation

Problem-solving Other species-specific behavior

Provide occupational enrichment
and offer cognitive studies that
stimulate this behavior See specific recommendations below

Taxa
Trait
present Citations

Trait
present

Captive analog/
citations

Chimpanzees Yes Wild: Boesch (1991) Leaf-
dipping

Provide enrichment that
simulates this behavior
(e.g., juice trough/
‘wadger’ with butcher
paper or pond in
enclosure)

Captive: Bloomsmith
and Else (2005);
Hopper et al. (2014)

Wild: Sousa et al.
(2009); Captive:
Schapiro and Lambeth
(2010); Reamer et al.
(2017)

Gorillas Yes Wild: Byrne (1996) Extensive
food
processing
(e.g.,
nettles)

Offer a variety of
difficult to process
foods as well as puzzle
boxes/artificial fruit

Captive: Mulcahy et al.
(2005)

Wild: Byrne (1996);
Captive: Mulcahy et al.
(2005)

Orangutans Yes Wild: van Schaik and
Knott (2001)

– –

Captive: Chalmeau
et al. (1997); Call and
Tomasello (1994)

Gibbons Yes Wild: Cheyne et al.
(2012)

Duets/
Songs

Offer playback studies
and provide music for
auditory enrichment

Captive: Beck (1967);
Cunningham et al.
(2006); Hill et al.
(2011)

Wild: Mitani (1985);
Captive: Shepherdson
et al. (1989)

Colobus
monkeys

Yes Captive: Dickie (1998) – –

Patas monkeys/
vervets/guenons

Yes Captive: Santos et al.
(2006); van de Waal
et al. (2013)

– –

Mangabeys Yes Captive: Crast et al.
(2016)

– –

Mandrills/drills Yes Captive: Clark (2017) – –

(continued)

276 C. F. Talbot et al.



Table 4 (continued)

Captive
recommendation

Problem-solving Other species-specific behavior

Provide occupational enrichment
and offer cognitive studies that
stimulate this behavior See specific recommendations below

Taxa
Trait
present Citations

Trait
present

Captive analog/
citations

Baboons Yes Captive: Beck
(1973a, b)

– –

Macaques Yes Food
washing;
Stone
handling

Provide enrichment that
stimulates these
behaviors (e.g., pools,
tubs of water, stones)

Captive: Beck (1976);
Novak et al. (1998);
Reinhardt (1994)

Wild: Nakamichi et al.
(1998); Leca et al.
(2007); Captive:
Visalberghi and
Fragaszy (1990); Leca
et al. (2008)

Spider monkeys Yes Captive: Hill et al.
(2011)

– –

Howler
monkeys

– – – –

Squirrel
monkeys

Yes Captive: Visalberghi
and Mason (1983)

– –

Capuchins Yes Hammer
and anvil
nut
cracking

Provide nuts/coconuts
for cracking

Captive: Anderson and
Henneman (1994)

Wild: Visalberghi et al.
(2007); Captive:
Fragaszy and
Visalberghi (1989)

Titi monkeys Yes Captive: Visalberghi
and Mason (1983)

– –

Owl monkeys Yes – Nocturnal Ensure light cycle is
adequate and conducive
for uninterrupted sleep
patterns

Wild: Fernandez-
Duque (2011); Captive:
Erkert (1989)

Marmosets/
tamarins

Yes Captive: Hauser et al.
(2002); Santos et al.
(2006); Cameron and
Rogers (1999); Roberts
et al. (1999)

– –

(continued)
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2.1.1.2 Memory and Planning
Primates have a keen ability to store, recall, and integrate different types of informa-
tion about their environment and apply this knowledge flexibly. This includes
activities such as mental mapping, in which primates remember the details of their
environment and plan their daily foraging path accordingly to maximize their intake
of the best foods (Janson 1998; Zuberbühler and Janmaat 2010). For example,
frugivores integrate “when” information with “what” information when foraging.
In the rainforest, many trees produce fruits concurrently, with fruit production
peaking at some point during the year. Frugivores use their knowledge of the
synchronicity of fruit emergence as an indicator for the presence of fruit in other
trees of the same species (i.e., “when” information) and then employ their spatial
memory to relocate fruit-bearing trees (i.e., “what” information; Menzel 1991).
Furthermore, some species may rely on long-term spatial memory to monitor food
sources and previous feeding experiences at these locations across fruiting seasons
(Janmaat et al. 2013). Primates can also plan for the future. For instance, male
chimpanzees proactively go on border patrols or hunts, convening and leaving in
atypically quiet groups prior to any evidence (that researchers can see) that they have
specific knowledge of a stranger in their territory (i.e., they have not heard calls;
Bates and Byrne 2009) and chacma baboons take detours in order to avoid locations
where they have encountered neighboring social groups (Noser and Byrne 2007).

In captivity, we see experimental evidence for these skills. Considering working
memory, primates can recall serial lists of images that include as many as nine items
(Inoue and Matsuzawa 2007). They also show evidence of skills related to mental
mapping; chimpanzees who have seen miniaturized models of their enclosure can
use what they see in the model to find food hidden in their real-life environments
(Kuhlmeier et al. 1999). Researchers have also taken advantage of computerized
testing procedures to use virtual reality to show that primates can navigate mazes
(Dolins et al. 2014). Finally, primates plan in several domains. They will choose a
tool that they will need in a future food acquisition task (Mulcahy and Call 2006),
and a chimpanzee at a zoo in Sweden demonstrated that chimpanzees may plan for
entertainment purposes as he saved up rocks that he later used to throw at zoo
visitors (Osvath 2009). Many common enrichment activities, such as adding physi-
cal complexity to housing or offering opportunities for choice and control, tap into

Table 4 (continued)

Captive
recommendation

Problem-solving Other species-specific behavior

Provide occupational enrichment
and offer cognitive studies that
stimulate this behavior See specific recommendations below

Taxa
Trait
present Citations

Trait
present

Captive analog/
citations

Lemurs Yes Sunbathing Provide natural sunlight

Captive: Santos et al.
(2005); Larson (2011)

Wild: Morland (1993);
Captive: Hedge (2005)
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Table 5 Average daily activity budget information for wild primates to guide behavioral manage-
ment of nonhuman primates in captivity

Taxa Rest Forage Travel
Social/
other Reference(s)

Chimpanzees 13–37% 30–56% 8–20% 6–14% Pruetz and McGrew (2001)

Gorillas 21–34% 55–67% 7–12% 1–4% Watts (1988), Masi et al.
(2009)

Orangutans 20–50% 33–60% 9–19% 5–30% Morrogh-Bernard et al.
(2009)

Gibbons 31–51% 29–33% 14–25% 1–17% Daoying (1989), Bartlett
(2003), Fan et al. (2013)

Colobus
monkeys

32–61% 19–45% 2–25% 1–8% Fashing (2011)

Guenons 25–40% 19–32% 26–39% 5–12% Tashiro (2006), Baldellou
and Adan (1997)

Mangabeys 8–38% 25–74% 2–31% 5–24% Swedell (2011)

Mandrills/
drills

22–42%a 4–64%a 8–33%a 4–45%a aNorris (1988), aWalters
(1989), aChang et al.
(1999), aZhang et al. (2003)

Baboons 2–32% 21–80% 7–58% 2–21% Swedell (2011)

Macaques 17–40% 19–55% 15–37% 4–44% Maruhashi (1981), Kurup
and Kumar (1993), Menard
and Vallet (1997), O’Brien
and Kinnaird (1997),
Agetsuma and Nakagawa
(1998), Machairas et al.
(2003), Hanya (2004),
Hambali et al. (2012)

Spider
monkeys

45–61% 17–51% 10–36% 0.1–8% Di Fiore et al. (2011)

Howler
monkeys

56–80% 8–25% 2–27% 1–17% Di Fiore et al. (2011)

Squirrel
monkeys

3–22% 49–63% 23–29% 4–6% Stone (2007), Pinheiro et al.
(2013), Terborgh (2014)

Capuchins 5–33% 21–66% 19–41% 6–33% Sabbatini et al. (2008),
Matthews (2009),
McKinney (2011),
Terborgh (2014)

Titi monkeys 30–56% 17–35% 13–24% 8–14% Caselli and Setz (2011),
Terborgh (2014), Kulp and
Heymann (2015)

Owl
monkeys

22–38% 27–53% 21–32% 1–3%a Wright (1978), Huck
(2014), aMilozzi et al.
(2012), aCase (2013)

Marmosets/
tamarins

7–44% 21–55% 20–32% 3–20% Garber (1988), Passamani
(1998), Correa et al. (2000),
Raboy and Dietz (2004),
Terborgh (2014)

(continued)
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these capacities. There may also be easy tweaks to existing enrichment activities that
provide additional planning opportunities, such as placing the tool in a different
location than where it is used to acquire food (e.g., indoors vs outdoors).

2.1.1.3 Tool Use and Causal Understanding
Many primates manufacture, modify, and use tools flexibly, demonstrating an
understanding of the physical properties of objects and the causal relations between
them (i.e., causal understanding). Chimpanzees cracking nuts will modify branches
to use as tools and bring appropriate tools with them if needed; for instance, when
cracking a hard species of nut, chimpanzees always get a stone, because only a hard,
heavy object will open the nut (Boesch and Boesch 1982). Similarly, capuchin
monkeys select stones of specific weight and material, transport them, and use
them to crack nuts effectively (Visalberghi et al. 2009). These skills seem to be
learned throughout the course of development as individuals become more selective
of their tools and materials with age, improving their effectiveness (Pouydebat et al.
2006). Of course, these skills may be learned through both personal interaction and
social observation (i.e., social learning). Once learned, however, the lack of trial and
error behavior observed in these situations suggests that primates are mentally
representing their needs before they go about choosing or making their tools.

Primates with more restrictive diets (e.g., Prosimians or leaf-eating monkeys;
Tables 1, 2, 3 and 4) tend to manipulate objects less and, after controlling for body
size, have smaller brains than extractive foragers that process embedded foods (e.g.,
roots, insects, hard shell nuts, and fruits; DeCasien et al. 2017). Of course, a species’
failure to exhibit tool use does not necessarily mean that they are not capable of
understanding causal relations or using tools but may mean that they lack the
motivation to do so. Accordingly, a number of primates that have only been
observed using tools on rare occasions in the wild regularly use tools in captivity
(Tables 1, 2, 3 and 4). Guinea baboons, for instance, learn to use sticks to rake in out-
of-reach food in captivity (Beck 1973a, b). This exemplifies that many behaviors are
stimulus-driven. Although behavioral comparisons between captive animals and
their wild counterparts provide useful indicators of behavioral repertoires, taken
alone, they are not always a reliable assessment of animals’ welfare (Veasey et al.
1996). Therefore, regardless of whether a behavior frequently occurs in the wild,
providing primates in captivity with the opportunity to use tools may provide
substantial cognitive benefits.

Table 5 (continued)

Taxa Rest Forage Travel
Social/
other Reference(s)

Lemurs 36–57% 22–46% 7–25% 5–7% Britt (2000), Vasey (2005),
Millette et al. (2009),
Eppley et al. (2011), Thoren
et al. (2011)

aIndicates captive data
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Understanding a species’ feeding ecology can better inform what type of foraging
devices may help meet the species-specific cognitive needs of primates in captivity.
Extractive foragers (e.g., chimpanzees; Tables 1, 2, 3 and 4) may receive the most
benefit from foraging devices that require treats to be extracted. To stimulate the
ant-dipping behavior of chimpanzees (Whiten et al. 1999), for example, “probe
feeders” are stuffed with substances, such as mashed bananas, barbeque sauce, or
mustard and attached to enclosures (Maki et al. 1989). Bamboo shoots or other sticks
are often distributed in conjunction with probe feeders so that apes can modify and use
them to extract the food from the device. In contrast, destructive foragers (e.g., capuchin
monkeys) may benefit most from destructible enrichment, or devices that require one to
break open a contraption to obtain treats (e.g., coconuts and forage boxes).

Food puzzles may provide a higher level of cognitive challenge, as they require
subjects to use their fingers or tools to poke/lift/rotate mechanisms to move visible or
hidden food items through a multistep contraption to gain access to food. Fairly
complex food puzzles have been successfully used with apes and macaques to
evaluate aptitude for problem-solving skills (Heath et al. 1992; Hopper et al. 2014)
and reduce abnormal behavior incompatible with foraging (Novak et al. 1998). Of
course, food puzzles are most likely to positively influence welfare if the level and
type of cognitive challenge are appropriate for the skills possessed by a given
species. Simpler puzzles can also be enriching, especially when complex ones
cause frustration (de Rosa et al. 2003). Because dominant individuals tend to
monopolize access to devices like puzzle boxes (Bloomstrand et al. 1986), it is
best to provide multiple devices (perhaps of varying difficulty) to large social
groups.

2.1.2 Social Cognition
Primates’ social organizations range from the monogamous pairings of owl monkeys
and gibbons to the large, complex societies of baboons and macaques to the fission–
fusion societies of spider monkeys and chimpanzees (Smuts et al. 1987). One thing
that all primates have in common is the need to recognize group members, learn from
previous social interactions, and predict what others may do in a variety of social
contexts. Of course, primates show many abilities in the context of social cognition
that are beyond the scope of this chapter. Below, we highlight a select few social
cognitive skills that we think are particularly consistent with high welfare.

2.1.2.1 Social Interaction
Social interaction and communication provide the foundation of relationships (e.g.,
kinship, dominance, coalitions, alliances, and friendships) and are therefore integral
components of any primate’s life. Primates communicate with one another across a
variety of modalities (olfactory, visual, auditory, even tactile); interact through
positive interactions, such as grooming and play, and negative ones, such as fighting
and aggression; and show extended periods of mother–offspring care. Moreover,
primates show complex social interactions, including cooperation, food sharing,
reconciliation, and deception. We do not have space to go into all of these but
refer interested readers to one of several good reviews of primate social cognition
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(Tomasello and Call 1997; Shettleworth 2010; Vonk and Shackelford 2012; see also
Tables 1, 2, 3 and 4). Below, we summarize a few basic aspects of social interactions
that are particularly relevant to welfare and enrichment.

As is well recognized, providing opportunities for species-appropriate social
interactions is probably the single most important aspect of establishing,
maintaining, and improving welfare for captive primates (Lutz and Novak 2005).
Indeed, mere visual exposure to a conspecific is inherently rewarding to primates,
more so than nonsocial stimuli and even food (see Anderson 1998, for a review, but
see Bloomsmith and Lambeth 2000, for an exception). When social groups are not
an option, however, video is a relatively simple and cost-effective means of visual
enrichment that has been associated with a reduction in stereotypic behavior (Platt
and Novak 1997; but see Washburn et al. 1997). One difficulty associated with
implementing visual enrichment is that animals intrinsically habituate to the stimuli.
Some research suggests that the novelty of the content may be the most important
factor in the attractiveness of visual stimuli, and primates prefer viewing novel
stimuli in a variety of contexts (Platt and Novak 1997). For instance, the mean
duration socially housed chimpanzees watched a videotape dropped 40% from the
first presentation to the fourth (Bloomsmith et al. 1990). Subjects can also benefit
from auditory exposure (i.e., music), although the benefits of this are much less
certain (Schapiro et al. 2014; Wallace et al. 2017 but see Novak and Drewsen 1989;
Howell et al. 2003).

Simply having things to watch or hear is very basic, and not very interactive.
Thus, if inactivity is a problem, video may not be a great enrichment option. If
possible, primates should also be given access to complex social interactions that
simulate the cooperation and competition seen in the wild. For instance, neighboring
groups can be given visual access to one another, or play “tug of war” between
enclosures. Of course, this should only be done if appropriate; highly territorial
primates, like owl monkeys, may show acute stress responses if they can hear or see
neighboring groups (Fernandez-Duque et al. 2012). Nonetheless, giving animals the
opportunity to at least try such activities may increase their long-term well-being,
even if it increases transient stress responses in the short term.

2.1.2.2 Social Learning
Learning from others allows individuals to avoid time-consuming and potentially
dangerous trial-and-error learning and allows for the nongenetic transmission of
information between individuals and across generations. Many of these behaviors
may become traditions, or culture, in which the behavior of a single individual shifts
the behavioral patterns seen in a substantial percentage of a social group. In one of
the more compelling examples, an 18-month-old female Japanese macaque, named
Imo, began washing provisioned sweet potatoes in water, following which the
behavior eventually spread to most of the rest of the group (Itani and Nishimura
1973). Similar reports of tool use and potential socially learned behavioral traditions
among wild populations are widespread across primates, both in the wild and in
captivity (Tomasello and Call 1997).
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Social learning can occur via several different methods that vary in their cognitive
complexity. “Simpler” forms of social learning include contagion and enhancement,
both of which are based on attraction to conspecifics’ actions. In contagion, animals
perform actions in synchrony with another that they observe, such as fleeing when
others flee (Thorpe 1963). In enhancement, an individual’s attention is drawn to a
location (i.e., local enhancement) or an object (i.e., stimulus enhancement) because
of the proximity or actions of another individual (Whiten and Ham 1992). “Higher-
level” social learning processes include those that result in behavior matching;
emulation occurs when an observer achieves the end goal of a demonstrated action
through different means (Wood 1989), whereas in imitation an individual copies
both the actions and the goals of a model (Tomasello and Call 1997). Typically,
imitation is considered to be the most complex form of social learning as it may
require perspective taking, though there is still debate surrounding the underlying
cognitive mechanisms of these two processes (see Hopper and Whiten 2012 for
further discussion; Hopper et al. 2016). With regard to welfare, it is important to
know that social learning is widespread and can be very useful, both to teach animals
new skills (i.e., to work with veterinarians for noninvasive medical examinations)
and as enrichment in and of itself. Still, it is important to tap into the appropriate
mechanisms when designing apparatuses. For example, a complex imitation task
may be beyond the ability of some monkeys who nonetheless benefit from
opportunities to learn through stimulus enhancement.

2.1.2.3 Mirror Self-Recognition and Theory of Mind
Mirror self-recognition has long been considered a hallmark of intelligence and self-
awareness. Human babies begin to recognize themselves in a mirror between 18 and
24 months of age (Amsterdam 1972), and mirrors have been used for many years as
a tool for testing self-recognition and self-awareness in nonhuman species on the
assumption that it relates to other complex cognitive abilities, such as theory of mind
(Premack and Woodruff 1978) and empathy (de Waal 1996). In a seminal paper,
Gallup (1970) presented chimpanzees with a mirror and recorded their behavioral
responses. Not only did chimpanzees explore the contingencies between their
movements and the mirror, but also they used the mirror to explore areas of their
bodies that they could not see. In an experimental condition, when the mirror was
present, chimpanzees were more likely to investigate a mark that could not be seen
without the mirror. Most apes do recognize themselves in the mirror, although
evidence is mixed for gorillas, but monkeys do not, unless they have extensive
training (Tomasello and Call 1997).

Whether primates recognize themselves in mirrors or not, mirrors can be highly
entertaining to captive primates. Even in species that probably lack mirror self-
recognition, the presence of mirrors may elicit species-typical behaviors. For
instance, when stump-tailed macaques were presented with mirrors, the frequency
and duration of their social behaviors increased, including submissive and aggres-
sive responses (Straumann and Anderson 1991). Often times, the physical and
structural environment of a facility may limit captive primates’ opportunity to
view other conspecifics. In this case, mirrors can also be used to view other animals
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in a room that they may otherwise not be able to see, which may be particularly
important in rooms with poor sight lines. In chimpanzees, mirrors increase facial
expressions, and sexual and agonistic behavior (Lambeth and Bloomsmith 1992). As
with other enrichment, monkeys may become habituated to mirrors (Clarke et al.
1995), although interest can be restored simply by placing the mirror in a new
location on the cage (Suárez and Gallup 1981). Note, too, that responses directed
toward mirrors are higher when the mirrors are attached to cage mesh than when they
are placed outside of the cage (Anderson and Roeder 1989).

2.1.2.4 Behavioral Testing as Cognitive Enrichment
Finally, behavioral and cognitive research itself can be greatly enriching to captive
primates (see Ross 2010; Clark 2017; Hopkins and Latzman 2017; Schapiro et al.
2017 for reviews). For instance, Washburn and Rumbaugh (1992) found in
macaques that removal of a computerized system that offered a variety of cognitive
tests led to increases in stereotypic behaviors. Importantly, when given a choice
between receiving pellets for free and completing trials for the pellets, the macaques
chose to work for their reward (Markowitz 1982), a phenomenon known as
contrafreeloading (Jensen 1963). Furthermore, rather than always selecting the
easiest task that produced the most pellets per minute, the macaques chose to work
on tasks with various levels of difficulty (although this could also be due to the
matching law, or the relative rates of reinforcement).

Computerized testing has also been shown to promote species-typical behavior.
Yamanashi and Hayashi (2011) assessed the effects of cognitive experiments by
directly comparing the activity budgets of three populations of chimpanzees: wild
chimpanzees in Bossou, captive chimpanzees that participated in computer-
controlled cognitive experiments, and captive chimpanzees that did not participate
in cognitive experiments. The feeding and resting times of the chimpanzees
participating in cognitive experiments were almost the same as their wild
counterparts (Table 5), whereas the chimpanzees that did not participate in
experiments exhibited significantly shorter feeding times and significantly longer
resting times. Other work shows that socially housed chimpanzees exhibited higher
activity levels during behavioral testing whether or not they participated in the task
(Hopper et al. 2016). This benefit extends beyond chimpanzees; socially housed
crested macaques given access to cognitive testing showed increased affiliation and
decreased aggression, as well as increased association between dyads on testing
days, possibly reflecting reunion behavior (Whitehouse et al. 2013).

One challenge to this is that implementing computerized test systems is both
expensive and time-consuming. Most systems either require individual computers or
automated access systems (e.g., using passive integrated transponder, or PIT, tags),
as well as automatic feeders, all of which are relatively costly. In addition, subjects
must be trained on the systems in order to benefit from them. Of course, the training
itself is enriching, so there is likely little down side to the primates, and several well-
validated training programs exist (Washburn et al. 1992; Evans et al. 2008; Cronin
et al. 2017). However, it requires a substantial investment of time by staff or
researchers that may not be possible in times of tight budgets. It is our hope that
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as technology becomes cheaper (i.e., by using programmable Raspberry Pi systems
instead of more expensive personal computers) and the benefits become more widely
recognized and accepted, computerized testing may become a viable option for
promoting species-typical behavior in many captive settings.

3 Behavioral Needs

Captive environments are by their nature artificial and different from natural
environments. In natural environments, primates have access to much larger home
ranges than are possible in captivity, and captive environments may lack key
elements, such as the opportunity to explore or get away from group mates. Still,
many features from natural environments can be replicated, or analogues that
functionally simulate species-typical behavior can be provided. Here, we focus on
two important topics when considering the behavioral needs of captive primates:
space and activity levels. These categories are not mutually exclusive and often
overlap with other strategies for improving the welfare of captive primates.

3.1 Space

Although the focus is often on amount of space, we must also consider the quality of
that space. For many primates, this includes three-dimensional volume with
opportunities to climb (i.e., primarily arboreal New World monkeys and apes;
Table 6). Species’ patterns of space use in captivity mimic preferences exhibited
in the wild. For instance, chimpanzees, which can spend up to 68% of their time in
trees (Doran and Hunt 1994), spend more time in the highest tier of their exhibit as
compared to gorillas, the least arboreal species of great ape (Ross and Lukas 2006).
Thus, if there is a trade-off between square feet and height, arboreal species
(Tables 1, 2, 3 and 4) are likely better off with fewer square feet, but higher ceilings
and complex climbing structures. Supporting this, numerous studies have found no
meaningful behavioral differences between large enclosures and smaller enclosures,
if the environments are comparably complex (Reamer et al. 2015; Ross et al. 2011).

Individuals also need to be able to hide from, or be out of view of, conspecifics.
This is presumably most critical for fission–fusion species, which are accustomed to
fluid social arrangements and likely benefit cognitively from changing social dynam-
ics, but the ability to escape, particularly from social tension, is presumably impor-
tant for virtually all species. One easy way to accomplish this is visual barriers
(Boere 2001), but nesting boxes, barrels, boxes to hide in, or enclosures that are
structured with multiple rooms or spaces may also provide temporary seclusion.
Moreover, for species that rarely encounter other groups in the wild (Table 6), such
as owl monkeys, large visual barriers and waterfalls can be used to prevent family
units from seeing and hearing other family units (Abee 2011).
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3.2 Activity

Animals in captivity are generally found to spend a dramatically smaller percentage
of their day active (and a correspondingly larger component inactive or at rest) than
wild living animals. This leads to a tableau of negative health outcomes similar to
those seen in humans with sedentary lifestyles (Ely et al. 2013). Although it is
impossible to replicate many components of life in the wild that lead to high levels of
activity (such as foraging over large areas or evading predators), it is possible to
simulate some of them, thereby increasing activity levels and reducing concomitant
health problems. In the wild, primates spend considerable time and effort foraging
for food (Table 5). Therefore, one way to increase activity is to increase the time and
effort it takes for captive primates to obtain their food. For example, food can be
distributed across the enclosure or spread through wood chips/straw on the floor
(Byrne and Suomi 1991), rather than provided in a single location. Although
providing chopped fruits and vegetables may increase search time and food avail-
ability, food is unlikely to be presented in bite-sized pieces in the wild and many
primates exhibit specific food-handling behaviors. Indeed, some primate species
spend significantly more time engaged in feeding behaviors when presented with
whole foods as opposed to chopped (Smith et al. 1989). To increase climbing and
sustained activity (e.g., hanging), food can be placed up high, scattered on platforms,
or suspended, such as from a chain-link ceiling, which also requires additional
manipulation to access it (Britt 1998).

Recently, some facilities have explored more innovative approaches to curtail
obesity, which often leads to morbidity and mortality in captive primates (Ely et al.
2013). For instance, simple modifications requiring chimpanzees to climb and
support their own weight while working harder to access high-calorie primate
biscuits led to a significant increase in foraging times (and possibly reduced feeding),
and ultimately to weight loss for overweight individuals (yet no weight changes for
healthy weight chimpanzees) (Bridges et al. 2013). This may also help alleviate the
common issue of higher-ranking individuals dominating access to food. In another
example, several zoos tried providing their gorillas with only leafy greens (their
natural food source) in hopes of controlling weight gain. In an astonishing test of this
hypothesis, the gorillas ate more calories, but lost weight and became healthier.
Aside from weight loss benefits, the removal of biscuits from their diet also led to a
reduction in regurgitation and reingestion (Less et al. 2014), a stereotypic behavior
often associated with social deficits in early development, diet, and/or boredom
(Gould and Bres 1986; Lukas 1999).

Primates also frequently explore and manipulate different objects in their natural
environment. Japanese macaques gather, roll, rub, and carry stones (Huffman and
Quiatt 1986). Chimpanzees in the Mahale mountains in Tanzania “leaf-pile pull”; as
they descend a mountain, they sometimes stop and walk backward, raking handfuls
of leaves with both arms and then either walk or somersault through the pile of leaves
that was created (Nishida and Wallauer 2003). Therefore, providing objects (e.g.,
rubber dog toys, reflective balls, and browse) may increase activity by providing
primates with the opportunity to explore and manipulate objects. Again, habituation
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occurs, so rotating the objects presented in the enclosure or providing a wide variety
of toys increases object use and play for most species (Schapiro and Bloomsmith
1995; Sanz et al. 1999). Additionally, not all primates in the wild show these
behaviors, and different individuals will have different preferences. It is important
to provide a variety of options and monitor to see who is benefitting from the
provided enrichment.

3.3 Social Needs

As has been reiterated throughout this chapter, sociality is central to the behavior and
management of primates, and providing primates with social stimulation in the form
of social housing is widely regarded as the most effective form of enrichment (Lutz
and Novak 2005). Overall, the literature suggests that increasing social stimulation
(moving from single housing to pair housing) improves welfare, whereas the
reduction in social stimulation diminishes welfare. Because it is difficult to evaluate
positive evidence of welfare, this is typically evaluated by the development of
abnormal behavior when social stimulation is limited or lacking entirely (Harlow
and Harlow 1962; Vandeleest et al. 2011). More recent studies have assessed how
suboptimal social housing, or changes in the social environment, impacts physio-
logical responses (e.g., stress and immune function), which is highly informative for
the welfare of primates and the participation of primates in biological research as
models (Schapiro et al. 1993, 2000, 2012; Williams et al. 2010; Capitanio and Cole
2015).

The natural socioecology of a species can greatly inform captive group size and
composition. For instance, a pair-bonded species (e.g., callitrichids) should be
housed as a bonded male and female and their offspring, whereas gregarious species,
such as rhesus macaques or squirrel monkeys, which may live with scores or even
hundreds of others in the wild, will do very well when housed in large groups
(Table 6). Decisions about which animals are moved and when should be based
whenever possible on which sex emigrates from the natal group, and at what age
they do so (Table 6). This will help to mitigate social tension and aggression
following relocations. Additionally, when an adult male or male coalition takes
over a group, the other males generally either leave or are killed. Therefore, when
putting new males into a group of females, it may be necessary to remove the
existing adult males first (Cooper et al. 2001). If this is not possible, the group
should be carefully watched after for unexpected takeovers by existing group males.

Group composition is also an important factor to consider when moving
individuals between groups. Sometimes moves are critical, because of fighting
between animals, and sometimes they are desirable, when they offer the chance to
combine two smaller groups or to separate a particular age–sex class (e.g., a bachelor
group or an “elderly” group), or for the species survival plan (Price and Stoinski
2007). Regardless of whether the animals are relocated within a facility or to a new
facility, they will potentially be separated from familiar companions, introduced to
new companions, and may have to deal with changes in housing or routine. The few
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studies that have been conducted conclude that relocation negatively impacts
primates’ welfare (Watson et al. 2005; Kim et al. 2005; Koban et al. 2010; Williams
et al. 2010; Schapiro et al. 2012; Gottlieb et al. 2013; Nehete et al. 2017).

When moves are essential, one way to ameliorate their impact is by allowing
animals sufficient time to acclimate to their new environment (e.g., Schel et al.
2013), particularly prior to beginning any research studies. Unfortunately, very few
studies have attempted to quantify the amount of time primates need to acclimate to
their new environment (Capitanio et al. 2006; Obernier and Baldwin 2006).
Although there is no clear-cut answer, a period of up to 3 months has been
recommended for laboratory species (Capitanio et al. 2006; Schapiro et al. 2012).
Additionally, providing a regular care schedule with little exposure to novel or
uncertain situations may reduce stress and aid acclimation. Of course, there will be
individual differences in responses based on the animal’s genotype, temperament,
early rearing history, and/or other factors, so it is important to collect individual
baseline measures before and after relocation (Boccia et al. 1995; Bennett et al.
2002). Captive management would benefit from future studies that evaluate the best
management practices for acclimation once animals have been relocated.

4 Conclusions and Future Directions

Compared to the complex natural environment in which primates evolved, captive
conditions may include fewer cognitive challenges, restricted space, and limited
social opportunities. Therefore, behaviors exhibited by wild primates cannot always
be replicated in captivity. However, we can functionally simulate natural conditions
to provide captive primates with opportunities that will stimulate the performance of
species-typical behaviors. It is now widely recognized that mental stimulation and
social stimulation are critical needs. As a result, an emerging goal is to provide more
extensive cognitive and behavioral enrichment, as well as other sorts of physical and
social enrichment. This is a challenge for two reasons. First, cognitive and behav-
ioral needs are tightly tied to species’ socioecology, making general
recommendations for the whole order Primates impossible, or even counterproduc-
tive. Second, as this is an emerging area, we lack consensus on objective measures to
assess the effectiveness of cognitive enrichment (Clark 2011; Hopkins and Latzman
2017; Schapiro et al. 2017). There is clearly a need for additional research to clarify
which interventions stimulate species-typical behavior and cognition and reduce the
effects of stress and boredom. In particular, we hope that researchers continue to
seek opportunities and collaborations to further examine the impact of behavioral
and cognitive testing on the welfare of individual species of captive primates.
Together, we can advance the field while bettering the lives of captive primates.
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Primate Breeding Colonies: Colony
Management and Welfare

James C. Ha and Adrienne F. Sussman

Abstract

We describe the basic and specialized requirements specifically for primate
breeding colonies, including veterinary care, housing, welfare and enrichment,
and management of social behavior. We emphasize that all four areas are of
critical importance to the ethical and healthy productions of these animals. We
explore in detail the needs for record keeping and pedigree maintenance when
breeding primates, including genetic and demographic management.

Keywords
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1 Introduction

Nonhuman primates (hereafter referred to as “primates”) are used as study systems
for modern neuroscience, biomedicine, and behavioral research, and, as such, are
found in research facilities around the USA, Europe, and Canada. In recent decades,
the primates used for such research are increasingly being sourced from captive
breeding colonies, rather than from the wild. In turn, this has necessitated the
development of better tools and standards of care for colony-housed primates,
especially in terms of physical and mental outcomes for colony-housed primates.
Just as our coauthors in this book have carefully considered and documented good
colony management principles for primates in other captive settings, here, we aim to
do the same for those housed in breeding groups. There is an excellent literature on
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this topic (e.g., Abee et al. 2012); our goal here is to summarize the basic
requirements for colony management and then to discuss aspects of colony manage-
ment and welfare that are perhaps unique to the more-demanding social and physio-
logical conditions of a breeding colony.

Primates can be housed in groups in several contexts, such as zoos or laboratories,
as described in other chapters of this book. For this section, we will focus on
breeding colonies, which are a unique type of housing necessitating specialized
care and management. For the purposes of this discussion, we will define breeding
colonies as facilities housing multiple social groups of the same species with the goal
of increasing the population so that individuals can be removed to use for research.
Most breeding colonies have the primary goal of increasing the population of
research primates. Breeding primates domestically has several benefits over
importing wild-caught primates for research, including reducing the stress of trans-
portation and allowing researchers to select for specific-pathogen-free (SPF)
populations without transmissible zoonotic diseases such as simian immunodefi-
ciency virus or herpes B. In this chapter, we will focus primarily on macaque
breeding colonies, as macaques are the most commonly used primate model group
in the USA and the species that we have the most extensive experience with at the
University of Washington National Primate Research Center.

In this chapter, we will explore the basic and specialized requirements for caring
for primate breeding colonies, including veterinary care, housing, welfare, and
enrichment, and management of social behavior. We will also explore in detail the
needs for record keeping and pedigree maintenance when breeding primates, includ-
ing genetic and demographic management.

2 Basic Requirements of Colony Management

In our experience, high-quality primate colony management requires the seamless
integration of expertise in several fields. The best primate colony management teams
require effort in team communication and training, and especially ongoing
continuing education.

The five main components of a colony management program are as follows:
(1) veterinary care, (2) housing, (3) behavior monitoring and environmental enrich-
ment, (4) transport, and (5) record keeping.

The fundamental principles of most of these components in a colony management
program are described in the following chapter, primarily for the most common
primate housing situation, nonbreeding research housing, or “residential” housing.
Most primate housing does not involve breeding, and the goal is simply to house
primates for research purposes, or future research purposes. This is residential
housing, as opposed to housing for breeding purposes, which has some different
requirements and issues. Our goal in the remainder of this chapter is to document the
aspects of each of these components that are specialized or especially problematic in
the less common primate breeding circumstances. The transport facet of a colony
management program is highly individual because of species-specific requirements,
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legal requirements, and the distance/duration of the transportation, and we will not
comment on that topic.

3 Specialized Aspects of a Primate Breeding Colony
Management Program

3.1 Veterinary Care

Veterinary care for a breeding colony is concerned with health, physical and mental,
of individuals, and the fundamentals of this care are described elsewhere in detail
(Coleman et al. 2022). However, veterinary care in a breeding colony facility
includes a few additional issues, which fall into two basic topics: prenatal care and
neonatal care. While zoos and laboratories may occasionally care for pregnant
females or infant primates, these individuals are essential components of a breeding
colony population, by definition.

Prenatal care involves any care of the breeding female prior to the birth event and
may include specialized health issues even prior to conception. For instance, nutri-
tion plays a significant role in healthy estrus and fertilization; females with severe
protein or caloric deficiencies may not exhibit normal reproductive cycles and may
spontaneously abort early embryos (Kohrs et al. 1976; Hendrickx and Binkerd
1980). Specialized nutritional issues continue to occur during pregnancies. Gesta-
tional diabetes is also of great concern, often resulting in postmature fetuses and
postnatal physical and psychological deficiencies (Schwartz and Susa 1980). Ade-
quate maternal nutrition during pregnancy is also crucial to normal neural develop-
ment for macaques, which, unlike humans, undergo their major brain growth spurt
prenatally (Morgane et al. 1993).

Prenatal veterinary care in the primate breeding colony should also include
prenatal examinations, which are predominantly carried out by palpation, although
the use of ultrasound is increasing. Ultrasound examination is in some cases a
trained, conscious procedure for the subject but most often performed under seda-
tion. Ultrasound provides information on growth rates, as well as the position and
general health of the fetus, and is therefore much more informative than palpation
alone (e.g., Conrad et al. 1995). Physical measurements obtained via ultrasound can
be used to refine pregnancy end dates as well. Physical position information via
palpation or ultrasound can be used to monitor for pregnancy issues such as breech
delivery and other in utero issues, which may dictate a surgical intervention such as
Cesarean section. Deliveries via C-section are frequently required in research
settings either due to maternal complications from stress, nutritional issues, such
as gestational diabetes, or research requirements (e.g., prevention of infant infection
with maternal pathogens during delivery; Stockinger et al. 2011). Specialized post-
C-section housing is required for monitoring of recent surgery subjects; this will be
similar to housing for recipients of other invasive surgeries and may last several
weeks.
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Following modern ethical standards, every effort is made to retain the newborn
infant with its dam. A dam-raised infant is in almost all cases healthier. However, in
some clinical and research situations, this is contraindicated, perhaps due to neonatal
critical condition, dam condition or behavior, or research requirements as approved
by an ethics review board (e.g., animal care and use committee). While every effort
is made to minimize these situations, in some cases the neonate must be separated
and raised in a nursery setting.

Neonatal care largely resembles the more familiar juvenile or adult veterinary
care but may require adaptations in treatments due to infants’ immature immune
systems, smaller and weaker bones, and other limitations (e.g., medication may need
to be delivered as liquids rather than pills) (see Ruppenthal 1979 for a description of
some aspects of neonatal care). Curious infant monkeys with smaller anatomies and
developing bones may need specialized housing to prevent injuries. Young animals
may fall more easily or be injured while exploring their enclosures or mastering new
movements. While young animals may recover quickly from such injuries, caging
should be designed to prevent tiny limbs and fingers from catching in cracks.

Fig. 1 Left, Young pigtail macaque experiencing social contact and play at the University of
Washington’s Infant Primate Research Laboratory; right, subadult pigtail macaques playing in an
enclosure structure in a breeding colony at the Washington National Primate Research Center
(Photograph by Dennis Raines)
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Nutrition becomes an issue again for the neonate, especially when there is a medical
or research need to separate the infant from its mother (e.g., when breeding for an SPF
population or when a mother suffers a medical issue during pregnancy). Specialized
diets and formula (milk) may be required for non-mother-reared animals.

Fig. 2 Left, Infant pigtail macaque being bottle-fed at the University of Washington’s Infant
Primate Research Laboratory; right, infant pigtail macaque undergoing object permanence cogni-
tive assessment at the University of Washington’s Infant Primate Research Laboratory

3.2 Housing

For animals that are as social, reactive, and visually oriented as primates, housing and
its layout, design, and spacing are critical for well-being. Like veterinary care, most
housing requirements and concerns for a breeding colony are like those for a residen-
tial colony (Coleman et al. 2022), although there are a few vital differences.
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Fig. 3 Breeding pair of pigtail macaques in a residential compound at the Washington National
Primate Research Center (Photograph by Dennis Raines)

Typically, breeding groups are based on more natural social group sizes for the
species, rather than the 1–2 animals per cage standard for residential systems. This
can range from small family groups in squirrel monkeys and marmosets to harem-
based social groups of a single male and 3–6 females, plus their offspring, to 30 or
more animals in a single socially housed group. One exception is highly controlled
research-based mating systems for carefully cycled females for projects in which it is
desired to know the exact gestation age. In all cases, the size of the group’s enclosure
depends on the species and number of individuals in the group. The USDA has
welfare legislation (though limited research) on minimum space requirements for
Primates in groups of various sizes (U.S. Department of Agriculture 2017).

Some older research indicates the relative importance of not only the total
enclosure space, but also of visibility (Sackett et al. 1975; Erwin and Erwin 1976;
Oswald and Erwin 1976; Erwin and Sackett 1990). This research suggests that
female–female aggression in harem-housed macaques is better predicted by lack of
visibility of the male in the enclosure. Based on this research, spaces for harem-
housed groups should avoid visual barriers that may prevent the male group member
from observing and policing the females in the enclosure. However, Bushmitz
(personal communication) and others consider that visual barriers in relatively
high-density housing of macaques can reduce the effects of crowding on stress. It
seems likely that unseen group members no longer contribute to an individual’s
social stress load.

Housing is a tremendous investment on the part of primate colonies, and major
issues compete for attention in the design of any such facility. Safety for both
humans and animals, as well as staff work efficiency, ease of cleaning, and access
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to animals are all major factors. Still, the conflicting results in the literature suggest
that the design of the housing may vary greatly by the species and type of breeding
group involved; a much greater investment in research is needed to understand how
housing design and implementation can contribute to behavioral, health, and breed-
ing outcomes for Primates.

3.3 Social Behavior

Behavior issues, especially social behavior, become far more complex in breeding
situations. Again, the basics of behavior assessment and management, primarily for
residential pair-housed (at most) animals, are covered elsewhere in this volume (Lutz
and Baker 2022; Farmer et al. 2022). Many principles remain the same in group-
housed and breeding-colony-housed animals. But additional complexities arise
when the number of group members increases.

The number of possible interactive pairs increases exponentially in social groups
greater than two, and therefore, conflicts are far more likely to occur in groups than
in pairs. Requirements for forming these groups, of choosing individuals to form
breeding groups, are increasingly complex due to the need to account for space
available, disease transmission and SPF colony mechanics, and the population
genetics of such a colony (see further comments below), as well as social compati-
bility. Again, many of these factors are addressed in other chapters (Coleman et al.
2022; Beisner et al. 2022).

In practice, forming successful social groups often requires trial and error; after
the genetic, demographic, and medical considerations are considered, colony
managers often assign groups somewhat arbitrarily and hope they “all get along.”
However, this approach often leads to heightened levels of aggression within the
group, in turn reducing the fecundity in the breeding programs (Ha et al. 2000).
While managers may wish to avoid this outcome, the tools to make better decisions
about social aspects of housing are lacking. Little or no research has investigated
optimal methods of (social) group formation in macaques, beyond early reports like
that of Erwin and Sackett (1990), who found that aggressive interactions were more
frequent in larger groups, but most importantly, that aggressive encounters were
significantly more likely when females could escape the controlling influence of the
breeding male, i.e., aggression occurred among females when out of sight of
the male.

The latest, and, as yet, not entirely satisfying, approaches seek to identify
combinations of individual differences in temperament and personality which,
when merged, form compatible social groups. John Capitanio at the California
National Primate Research Center has explored this avenue (Capitanio 1999,
2004), as has a recent doctoral dissertation at the University of Washington by
Adrienne Sussman (2014). In the former study, the personalities of group members
were found to be moderately predictive of aggressive behaviors in a small social
group of similarly aged conspecifics. However, in the latter study, personalities were
found to predict social behaviors in pairs of macaques, but not in large social groups.
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It seems that as groups grow larger, their social dynamics appear to grow more and
more complex, and are no longer significantly predicted by the personalities of the
group members.

Interestingly, individual temperaments or personalities strongly predict group
behaviors in some other model systems, such as water striders, guppies, and moun-
tain gorillas (Sih and Watters 2005; Croft et al. 2009; Racevska, and Hill 2017). The
answer may lie in the complexity of primate social behavior. Most studies show a
larger number of personality dimensions for primates compared to other species
(Gosling and John 1999; Gosling 2001), leading to a greater number of possible
personality combinations and interactions in a primate group. Moreover, personality
changes predictably with development, and the typical personality of an infant
primate is not necessarily the same as that of an adult (Sussman et al. 2014; Smith
and Weiss 2017). Previous approaches to predicting group behavior based on
personality may have been overly simplistic, and more sophisticated computational
modeling techniques may be needed to account for the many factors that can
influence social behavior.

The already complex behavioral dynamics of a healthy social group are made
even more complicated by the presence of cycling and pregnant females. The
reproductive status of females in the group affects aggression and stress within the
group (Ha et al. 2000), with greater proportions of pregnant females reducing
aggression. These effects warrant frequent and careful monitoring of the social
interactions within a group in an active breeding program, as the social structures
may change suddenly as females enter estrus or become pregnant. Colony managers
may be surprised to see that compatible individuals develop new antagonistic or
aggressive relationships when in estrous season.

Fig. 4 Left, A pigtail macaque breeding colony female nursing her infant at the Washington
National Primate Research Center; right, a pigtail macaque breeding colony female and her infant
at the Washington National Primate Research Center (Photographs by Dennis Raines)

Finally, social group behavior will be influenced in manners beyond typical
single or pair housing by the adult, juvenile, and infant behavioral dynamics. Infants,
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for instance, can become a source of conflict within a group. Unrelated female group
members may engage in infant handling, or even kidnapping; either kind of interac-
tion can lead to conflict between the adult females, and, occasionally, injury to the
infant (Silk 1980, 1999). Males of some macaque species, including Barbary
macaques, also utilize infants to develop alliances with other males or females, a
behavior sometimes called “agonistic buffering” (Taub 1980). Overall, the presence
of infants can trigger new types of interactions among the adults in a group, and
colony managers must be vigilant to detect any new potential aggressive dynamics.

Juveniles spend a significant amount of time engaged in play behavior, including
play aggression; typically, the playful intention of these encounters is signaled
behaviorally during such encounters (Pellis and Pellis 1996). However, if these
signals are missed or misinterpreted, a playful approach can be met with aggression
by a conspecific or cause unwarranted concern from caretaker staff, given that play
aggression rarely results in injury.

Social aspects of behavior are exaggerated and become potential issues in a
breeding colony environment as opposed to single- or pair-housed residential
populations.

3.4 Welfare and Environment Enrichment

Significant efforts to provide environments designed to optimize psychological well-
being are mandated by law in the USA and elsewhere, although the specific
requirements are sometimes vague. There is good science to support such efforts
(Schapiro and Hau 2022): Stress, isolated development, and abnormal behaviors all
will be reflected in animals, which can no longer be successful representatives of
their species for use in research. A great deal of research has been performed in
assessing the need for, and the effectiveness of, environmental enrichment in
providing optimal psychological well-being for laboratory-housed Primates, and
this information is well-summarized in chapters by Kemp (2022) and Morimura
et al. (2022).

Enrichment is usually provided by introducing stimulating objects, such as food
puzzles, foraging boards, swings, and ropes, into the housing environment. Compe-
tition for access to these enrichment objects can occur even in paired housing
situations, with a dominant individual monopolizing access. In larger social groups,
the potential for such competitions rises substantially, sometimes leading to aggres-
sion and injury. Caretakers must monitor groups when introducing new enrichment
items to make sure contests over exciting new objects do not lead to contact
aggression. They also must plan for mechanisms of controlling such aggressive
situations, by separating individuals using gates or other control systems if neces-
sary. In more elaborate housing situations, it is often advisable to (temporarily)
divide larger social groups into smaller and/or more compatible groups for enrich-
ment periods. Again, social behavior grows more complex and unpredictable in
larger groups, and it can be safer to keep groups small while interacting with a novel
enrichment item.
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4 Record Keeping and Pedigree Management

Record keeping tends to be the ignored component to management of any colony of
animals, including primates. We have addressed the principles of colony records
management elsewhere (Ha and Davis 2006; Ha 2012) and direct the reader there for
further information. However, since record management for primate colonies is not
covered elsewhere in this book, we will provide some additional information about
record keeping for pedigree management, including the applications and usefulness
of demographic and pedigree monitoring.

4.1 Population Genetics and Demography

One important objective of a captive breeding program is to maintain demographi-
cally stable populations of sufficient size to preserve a high level of genetic diversity
(traditionally 90%) over a long period (>100 years), while keeping animal breeding
rates sufficiently high to make animals available for research assignment. Unlike
other captive breeding programs, such as programs for the conservation of
endangered species, colonies that breed animals for use in research must factor in
the need to periodically remove animals for research, while still maintaining a stable
breeding population.

There are three phases to the lifespan of a breeding colony: founding, growth, and
maintenance. The founding and early growth of the University of Washington’s
National Primate Research Center’s breeding colony has been described in Ha et al.
(2000). Population maintenance size must be large enough to support the desired
genetic variability and the target harvest numbers. This required population size
should be determined by computer modeling, as described below. Modeling in
general should be used in the growth and maintenance phases for three purposes:
population growth measurement and projection, management decision making for
zero population growth, and determining how to optimally breed animals to maintain
desired levels of genetic diversity.

4.2 Demographic Management

Two types of monitoring and modeling are required in any captive colony: popula-
tion demographics and genetics, both of which should eventually be merged into
second-generation supermodels. Given the close link between demographics and
genetics, the development of supermodels, which combine the two effects on a
population’s viability in a practical way, is sorely needed. Demographic modeling
has three objectives: measurement of population growth rates, determination of how
to modify reproduction and survival rates to meet colony objectives (e.g., the desired
levels of animal removal for research), and evaluation of vital rates and age structure
for potential problems. To meet these objectives, age-specific fertility and mortality
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rates need to be determined at regular intervals. This information can then be applied
to computer models of population change.

An addition to this approach that was proposed by Ballou (1997) is the ability to
incorporate variability, confidence interval estimation, and probability of achieving
goal estimation into current modeling software. This computational approach greatly
improved the accuracy of modeling, and by extension, breeding colony productivity.
This is now more readily available through modeling software add-ins like Crystal
Ball™ (Akkoç and Williams 2005) or iterative techniques like agent-based
modeling.

Another factor that very few colonies incorporate into their management plans,
especially on a formal basis, is behavioral considerations. Behavioral (social) factors
play an important role in the demographics of any population, and an even more
important role in the closed, high-density environment of a captive breeding facility.
In studies of our own breeding colony, several social factors and several factors
related to social behavior (the control role of the male, the effect of repeated
disturbance of social relationships) have been demonstrated to have significant
effects (Ha et al. 1999), and yet, these factors are often not considered in colony
management decisions. It would be valuable to monitor these factors, to continue to
research their effects (under outdoor housing conditions, for instance), and to
incorporate this information into colony husbandry decision making (see Morimura
et al. 2022.

4.3 Genetic Management

The objective for a genetic management plan in a captive research colony is to
maintain sufficiently high genetic diversity and avoid inbreeding or any kind of
inadvertent directional selection. Mismanagement of a colony’s genetics could lead
to animals who are behaviorally atypical, unhealthy, or otherwise unrepresentative
of their species and no longer suitable for research. Genetic management has direct
implications for animal welfare: Inbreeding depression can increase the rates of
genetic deformities, and inadvertent directional selection can increase nonoptimal
behaviors, such as aggression and parenting behavior.

To maintain genetic diversity, a colony manager must specify not only which
animals can breed, but also how often, and with whom, they can breed. These
decisions are based on the genetic importance of each individual, which, in turn, is
based on the pedigree structure of the population. Maintenance of the colony
pedigree is crucial in determining the genetic importance of breeding animals.
This is very similar to the Species Survival Plan program in Association of Zoos
and Aquariums-accredited public facilities (Association of Zoos and Aquariums
2018), and in fact, much of what we know about the demographic and genetic
management of captive exotic populations comes from zoo and aquarium research.

The genetic importance of an individual is determined in two ways: mean kinship
and genome uniqueness. Mean kinship is the average kinship (measured as Wright’s
coefficient of relatedness, or the proportion of genes shared, on average, by two
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individuals) of the focal animals with every other animal. Animals with the lowest
mean kinship (the fewest near relatives) are the most valuable; they share fewer
genes with other individuals and hence are less likely to produce offspring exhibiting
inbreeding disorders. A breeding program that maintains the minimum mean kinship
will have the maximum genetic diversity (Ballou and Lacy 1995).

Genome uniqueness is the proportion of an individual’s genes, which are unique
in the population. This approach prevents the loss of genes that are at a high risk for
being lost in the colony. Determining genome uniqueness is computationally inten-
sive and involves a statistical technique called “gene-drop pedigree analysis.”
(MacCluer et al. 1986). Software to conduct these analyses is readily available in
the public domain but increased computational power may be needed.

While mean kinship and genome uniqueness are established techniques for
genetic management, a third technique has been introduced more recently. Manage-
ment of founder representation (Willoughby et al. 2015) is an approach that attempts
to create a uniform distribution of the representation of the founding genes in a
population and is probably a proxy measure of genomic uniqueness (although the
precise relationship between the two measures remains to be investigated). A full
pedigree is required to determine founder representation, but if not available,
computer simulations that are underway indicate that maintaining a uniform founder
representation may maximize genetic variability while minimizing the loss of
desired recessive genes. Further work is needed to assess the efficiency of this
approach, especially under different husbandry schemes.

4.4 Integrating Demographics and Genetics into Breeding Plans

Eventually, demographic and genetic information and animal breeding decisions
must be integrated into a single coherent breeding plan. In the past, this integration
has not been approached with a high level of sophistication, often due to limited
resources or options. Few captive research primate colonies perform this kind of
analysis, and those emphasize the understanding of sustainable animal removal
levels (for research assignment) while checking for genetic problems using
modeling. A new approach, agent-based or individual-based modeling, is available
now and is proposed for use in modeling the genetic outcomes for breeding groups.
This approach involves simulations in which individual “virtual animals” interact
based on simple rules of reproduction (age-specific fertility) and mortality
(age-specific survival) while maintaining their genetic identities. Through iterative
simulation techniques, answers (compromises) that maximize genetic diversity and
maximize colony productivity can be obtained. This is a promising approach for
balancing the genetic and demographic needs of a colony in a single computational
model and could provide a new tool for colony husbandry, and a new methodologi-
cal resource for investigators.
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5 Closing

Our goal in this chapter was to provide an overview of the welfare issues involved in
managing a strong primate breeding colony, defined as one that has a strong
breeding record of physically and mentally healthy animals, characterized in such
a way as to be useful to the research community. Several chapters in this volume
provide excellent materials which focused primarily on the generic, or residential,
primate population. For each of the topics discussed: veterinary care, housing,
behavior monitoring and environmental enrichment, and record keeping for
demographics and genetics, we have attempted to address issues above and beyond
those that are the same for residential primate colonies, and well-addressed by our
coauthors.
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Common Husbandry, Housing, and Animal
Care Practices
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Abstract

Animal care in facilities housing nonhuman primates has undergone a transfor-
mation in the past two decades, as the scientific community has learned more
about the effects of husbandry practices on behavior and physiology of captive
nonhuman primates. Today, husbandry consists of more than simply feeding
animals and removing waste. Husbandry practices cover all aspects of animal
care, from ensuring the animals’ nutritional needs to providing adequate shelter,
monitoring the health of the animals, and refining procedures so that they reduce
stress and distress. As such, husbandry is integral to providing optimal animal
welfare. This chapter will summarize four main areas of husbandry (health
monitoring, nutrition, shelter, and humane handling) and discuss how each can
influence aspects of the welfare of captive nonhuman primates living in a research
environment.
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1 Introduction

Animal husbandry is often thought of as the care and breeding of domestic animals.
Traditionally, this has included feeding, watering, and cleaning. Today, animal
husbandry is considered more broadly, and includes all practices critical to promot-
ing and maintaining animal health, from ensuring the animals’ nutritional needs to
providing adequate shelter, monitoring health, and providing preventative medicine.
The separation between husbandry—the treatment that an animal receives—and
welfare—the physical and mental needs of the animal—is somewhat artificial. The
link between animal husbandry and welfare can be illustrated by examining specific
elements that contribute to the animal’s quality of life, including those known as the
“Five Freedoms” (Brambrell 1965). For example, health monitoring protects
animals from pain, injury, and disease, and providing a proper diet and access to
water provides freedom from hunger, thirst, and malnutrition. Appropriate shelter
addresses both freedom from physical and thermal discomfort and freedom to
express normal patterns of behavior such as locomotion, climbing, and play. Lastly,
humane handling protects animals from fear and distress, and can promote positive
welfare by creating an environment in which the animals are calm and relaxed. In
this chapter, we will introduce four main areas of husbandry (health monitoring,
nutrition, shelter, and humane handling) and discuss how each can influence aspects
of the welfare of captive nonhuman primates living in a research environment.

2 Animal Husbandry

2.1 Husbandry Components in a Research Setting

Animal husbandry is a general term, used to describe many aspects of animal care.
The four basic husbandry components are similar across environments in which
captive nonhuman primates are housed, including research environments, zoos, and
sanctuaries, although specifics about how they are achieved may differ somewhat
depending on species and type of housing (Morimura et al. 2022). For example,
monkeys can be maintained indoors in cages or pens, or they can be housed in large
outdoor corrals consisting of several hundred individuals. Gaining access to an
individual in a cage is often easier than accessing an individual in a two-acre corral.
However, animals in both environments still participate in the health monitoring
program of the facility. These husbandry components are influenced by local
regulations and the behavioral biology of the species.
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2.2 Regulations

Animal care practices for captive nonhuman primates, hereafter referred to as
primates, in research facilities are overseen by various regulatory and/or accredita-
tion bodies (for review, see Bayne et al. 2022). These regulations cover topics such
as cage size, airflow, temperature, and humidity. In addition, facilities receiving
funding from U.S. governmental agencies (e.g., the National Institutes of Health or
National Science Foundation), and/or those that are accredited by AAALAC, Inter-
national, must be compliant with the Guide for the Care and Use of Laboratory
Animals (the “Guide”; National Research Council 2011), which provides guidance
for husbandry practices.

Regulations guiding animal care are typically based on principles known as the
“3Rs”: replacement, reduction, and refinement (Russell and Burch 1959). Replace-
ment and reduction involve using only the minimum number of animals necessary in
research when other methods, such as computer simulations, are insufficient. Refine-
ment is of particular importance to animal care, emphasizing ways to minimize the
stress and distress experienced by the animals while enhancing their well-being
(Jennings et al. 2009). As we discuss below, many current husbandry practices are
refinements to animal care.

2.3 Understanding the Behavioral Biology

A key component for caring for captive animals is familiarity with the physiological,
nutritional, and behavioral needs of the species. New World monkeys and Old
World monkeys differ with respect to family structure, feeding patterns, and illness
susceptibility, all of which affect their care. Even within taxonomic groups, there can
be important differences between closely related species. For example, Hamadryas
baboons (Papio hamadryas) have a social system which differs from that of other
baboons and Old World monkeys, and consequently, they should be housed in
harems instead of large multimale, multifemale groups. It is critical, therefore, that
staff receive training in the natural history and behavioral biology of the species with
which they work.

3 Health Monitoring/Disease Prevention

A robust health monitoring and disease prevention program promotes the welfare of
primates by ensuring that they are free from pain and disease. Daily health checks,
routine health screening, and preventative care practices are core components of a
wellness program.
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3.1 Daily Health Checks

Captive primates are typically observed at least daily by trained personnel, including
clinical, husbandry, and/or investigative staff. Many New World monkey species
(e.g., squirrel monkeys, Saimiri spp., and marmosets, Callithrix spp.) can experience
rapid declines in health, and thus should be monitored at least twice daily (Williams
et al. 2010). During daily health observations, personnel carefully examine primates
for signs of overt injury or illness, such as the presence of blood, wounds, limb
guarding, abnormal postures or movement, vomitus or diarrhea, and decreased
appetite. Treats can be used to lure animals to the front of the cage to allow a closer
look. Because most primate species are stoic, often hiding injuries or pain, it is
important to also look for subtle indicators of pain and/or distress, such as the
individual’s attitude or general behavior. Recently, studies have correlated specific
facial expressions with pain, opening up new opportunities for assessing pain
(Descovich et al. 2017).

Daily health checks should include assessments of behavioral well-being (Baker
2016). The attitude of healthy animals can typically be described as bright, alert, and
responsive (BAR). Animals that are quiet (i.e., withdrawn) or obtunded (e.g.,
hunched over, reluctant to move) may be ill or injured. Additional behavioral
indicators of pain or distress include changes in activity (e.g., excessive activity or
lethargy), changes in vocalizations, and changes in temperament (e.g., animals may
become more aggressive or less interactive); one hallmark sign of pain in animals is
the absence of normal behavior (e.g., a normally calm animal acts aggressively, or a
normally active animal remains passive in the back of the cage). Because behaviors
normal to one animal can be abnormal to another, daily observations are most
effective when performed by those who know the behavioral characteristics of
each individual animal. Health concerns noted during daily observations should be
reported to clinical staff.

Performing health observations on animals living in large groups can be chal-
lenging, particularly if the observer cannot distinguish among individuals. Mildly to
moderately injured animals often behave “normally” when stressed, which can make
accurate assessment difficult. However, after several minutes, animals typically
acclimate to the presence of the observer, at which time injuries may become more
apparent. Removing an animal from an established group for clinical purposes can
disrupt the group’s social dynamics, particularly if the subject to be removed is high
ranking (e.g., Ehardt and Bernstein 1986; Flack et al. 2005). For this reason, the
threshold for intervention (i.e., when to treat) for group-housed primates might be
different than that for caged primates. The potential consequences of removing an
individual should be weighed against the potential harm to that animal and
remaining group members if the individual is untreated. If a subject presents with
a relatively minor wound, but removal from the group may cause significant social
unrest, leaving the animal in the group and monitoring carefully may be appropriate.
“Satellite cages” that permit visual access to the group can be useful for treating
certain animals. When animals must be removed from their group for treatment, it
should be for the shortest amount of time possible and in a way that minimizes group
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stress. For example, training monkeys to enter transfer tunnels or chutes for removal
is generally less stressful than capturing them with a net (Luttrell et al. 1994).

Decisions about whether to remove an animal and/or whether to return the animal
to the group after extended treatment are often best accomplished by taking a
holistic, team approach (e.g., Hawkins et al. 2011; Gottlieb et al. 2017). This kind
of approach promotes communication among invested parties and ensures that all
aspects of the individual’s welfare (e.g., clinical, social, behavioral) are considered.
The Oregon National Primate Research Center (ONPRC) has relied on such team-
based decisions regarding the care of group-housed rhesus macaques that comprise
their breeding colony for several years (Gottlieb et al. 2017). A team consisting of
clinical, behavioral, husbandry, and animal resource staff meet at least weekly to
discuss monkeys requiring veterinary care and determine whether or not to return
them to their social group. Individuals who are not suited for breeding groups, for
either clinical or behavioral reasons, are reassigned to smaller groups or appropriate
protocols. Additionally, the team discusses social group dynamics and reviews
morbidity data from the previous weeks in an effort to formulate appropriate animal
management plans. Creating an environment in which everyone who works with the
animals is able to openly discuss concerns and contribute to solutions that are agreed
upon leads to improved animal welfare.

3.2 Routine Health Monitoring

Regular physical examinations are another essential part of routine health monitor-
ing. Examinations should be performed at least annually, but quarterly or bi-annually
is preferred. Physical examinations often coincide with tuberculosis testing (see
below). In most situations, hands-on physical examinations are performed on
heavily sedated or anesthetized animals by veterinarians or trained veterinary
technicians. A systematic approach, in which body condition (Clingerman and
Summers 2005), weight, body temperature, coat condition (e.g., Steinmetz et al.
2006; Honess et al. 2005; Baker et al. 2017), and general appearance are assessed,
followed by a comprehensive review of major body systems, ensures completeness
and consistency (Kramer et al. 2012). Females should be palpated for pregnancy if
appropriate. Any abnormalities found during the physical examination should be
documented and treated by clinical staff.

3.3 Disease Prevention

Pathogens can be spread to primates by numerous organisms, including conspecifics,
other primate species, animal care staff (or other humans), and other animals (e.g.,
birds, rodents, insects). Further, disease can also be spread from primates to humans.
There are a wide range of zoonotic agents with varying degrees of morbidity. One of
the most potentially devastating diseases for monkeys is tuberculosis, caused by
Mycobacterium tuberculosis. Tuberculosis (TB) is highly contagious and often fatal
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and can be transmitted to monkeys from humans or other monkeys. Other zoonotic
agents of concern include measles, viral or bacterial pneumonia, and enteric
pathogens, such as Campylobacter spp., Shigella, and Yersinia (Kramer et al.
2012). Enteric diseases may cause severe diarrhea and gastrointestinal distress, and
are a significant cause of morbidity and mortality in many primate colonies, particu-
larly for young animals living outdoors (Prongay et al. 2013). Preventing the
transmission of disease is necessary to the health and welfare of all individuals,
whether human or nonhuman primate. There are several components of a successful
disease prevention program.

3.3.1 Personal Protective Equipment
An important part of preventing transmission of zoonotic agents between humans
and nonhuman primates is personal protective equipment (PPE). Requirements for
the type of PPE vary depending on the species with which one is working, but
generally include a dedicated uniform and/or outer clothing (e.g., laboratory coat or
tyvek), latex gloves, dedicated close-toed shoes, a face mask, and eye protection (eye
shield or safety glasses). In some situations, such as quarantine or when working
with infected subjects, additional respiratory protection (e.g., a powered
air-purifying respirator (PAPR) or N95 mask) may be required. Standards for PPE
are usually established by the institutional Occupational Health and Safety group.
PPE should not be worn outside the facility and should be changed in between
animals of differing viral status, e.g., specific pathogen-free (SPF) to non-SPF. PPE
should also be changed before working with species susceptible to zoonotic agents
from other species of monkeys. For example, squirrel monkeys are carriers of
Herpesvirus saimiri 1, which can be fatal to owl monkeys (Aotus spp.), and thus,
PPE used while working with the former should not be worn in rooms containing the
latter. Similarly, it is often desirable to have dedicated instruments and equipment
(e.g., clinical, surgical, behavioral) for animal groups based on their viral status
and/or species.

3.3.2 Disease Surveillance
Pathogen surveillance is essential to preventing disease and ensuring the health of
the colony. While it may not be feasible to screen the colony for every possible
zoonotic agent, most facilities have some sort of surveillance program. Due to its
virulence, all facilities screen for TB at the very least. Primates undergo TB testing at
least annually, although many facilities screen bi-annually or even quarterly. Most
facilities utilize the tuberculin skin test, an injection of mammalian old tuberculin,
typically administered intradermally at the edge of the upper eyelid. This location is
favored due to ease of observation without restraint (Kramer et al. 2012). Trained
technicians read the tuberculin test 24, 48, and 72 h after administration, looking for
swelling and erythema. The reactions are given scores from 1 to 5, with 1–2
considered negative, 3 considered indeterminate, and 4–5 considered positive
(Kramer et al. 2012). Tests resulting in indeterminate results should be repeated in
the other eyelid. In most cases, animals with confirmed positive TB results (after
confirmation by other sources, see Kramer et al. 2012 for details) are humanely
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euthanized to prevent disease transmission to the rest of the colony. In addition to the
animals, personnel are also screened regularly for TB as part of the institution’s
Occupational Health and Safety program.

Other pathogens that undergo routine surveillance, at least for macaque species,
include Macacine herpesvirus 1 (commonly called “Herpes B virus”). This virus is
endemic in wild macaque populations, although many research facilities have
eliminated it from their colonies (e.g., “specific pathogen-free” colonies). While
infection with this virus does not typically cause serious illness for the macaque,
Herpes B can be fatal to humans and other primate species. In addition to this virus,
colonies housing SPF macaques commonly screen for simian T-lymphotropic virus
(STLV), simian immunodeficiency virus (SIV), and simian retrovirus type D
(SRV-D).

3.3.3 Vaccination
Vaccination is another part of many preventative medicine programs. Both person-
nel working with primates and the primates themselves can be vaccinated against
pathogens, such as the agents that cause measles and tetanus. Some facilities
vaccinate primates against rabies as well, particularly if they house animals in
outdoor enclosures.

3.4 Quarantine

The quarantine process typically begins well before animals arrive at the receiving
facility. Pre-shipment physical examinations and testing for TB and other specified
disease agents should be accomplished by the facility sending the animals. Medical
records should be reviewed by the receiving facility, which may request that the
animals are vaccinated against measles or other diseases. The transfer of information
pertaining to rearing and housing history, as well as behavioral profiles, can support
continuity of behavioral care to meet the needs of individual animals (National
Research Council 2011; Baker et al. 2017). Both parties should confirm completion
of required importation permits. Appropriate transportation following regulatory
requirements should be agreed upon prior to shipment. This has become increasingly
challenging as most commercial airlines will no longer transport primates due to
pressure from animal activist groups (Wadman 2012). This pressure has led to
animals often having to be shipped long distances by truck, resulting in increased
travel time and stress.

The quarantine facility itself should be separated from other animal holding areas
and ideally should have a separate HVAC system and equipment (X-ray, etc.) to
minimize the risk of cross-contamination. Preferably, well-trained, dedicated staff
will care for quarantined animals; alternatively, staff should care for quarantined
primates last and wear PPE dedicated to the quarantine area.

Upon arrival, primates should be visually assessed and treated if indicated. A 2- to
3-day acclimation period is appropriate prior to a comprehensive arrival examina-
tion. The quarantine period should be a minimum of 31 days and may be longer if
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there is any indication of illness (Roberts and Andrews 2008). The arrival evaluation
includes physical examination, TB testing (including with thoracic radiographs), and
typically blood collection for complete blood count and serum chemistry analysis.
Internal and external parasites should be checked for and parasiticides administered
as appropriate or as a part of the quarantine program. A fecal culture for enteric
pathogens such as Shigella spp. should be considered. TB testing is typically
performed three times at 2-week intervals prior to the quarantined group being
released. In the USA, international quarantines are regulated by the Centers for
Disease Control and require more stringent facilities and practices than domestic
quarantines (Roberts and Andrews 2008).

3.5 Sedation/Anesthesia

While physical examinations and zoonotic screening are vital parts of animal care
programs, they need to be done thoughtfully, so as not to negatively impact welfare.
In particular, the sedation typically associated with routine health screening can
impact welfare. Ketamine hydrochloride, a dissociative agent, is commonly used for
immobilization (Murphy et al. 2012). However, while ketamine is routinely
administered, it is not necessarily benign and can have long-lasting effects on the
welfare of the individual. Several studies have shown that ketamine decreases
appetite the day following administration in macaques and African green monkeys
(Crockett et al. 2000; Springer and Baker 2007). While few studies have examined
long-term effects of ketamine, there is evidence that it is associated with alopecia in
rhesus macaques (Lutz et al. 2016). Anesthetics and sedatives may be particularly
harmful for younger animals; ketamine given early in life may produce long-term
cognitive deficits in rhesus macaques (Paule et al. 2011). Reducing the use of
sedatives, either through the strategic scheduling of procedures or through the use
of positive reinforcement training (see Bloomsmith et al. 2022), can improve welfare
for captive primates.

3.6 Identification

Being able to identify individuals is an essential requirement for husbandry
practices. Primates are typically given unique identifiers, often in the form of an
alpha-numeric code, that remain with them for their whole lives. These codes may be
tattooed on the sedated animal, either on the inner thigh or across the chest. Animals
may also have microchips implanted that enable people to more easily monitor food
intake or access their electronic health records. While useful, these microchips do not
provide visual identification. New World Monkeys are often given collars with
attached identification tags. Unique dye marks may be used for group-housed
macaques, which can greatly aid in physical health and behavior observations.

While not universally accepted, many facilities promote naming of individual
monkeys. In some facilities, naming monkeys is discouraged out of concern for
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preferential treatment causing experimental confounds (Erard 2015). However, this
attitude has changed as the scientific community learns more about the effects of
husbandry practices on the behavior and physiology of the monkeys (e.g., Coleman
and Heagerty 2019). Names help staff identify animals and strengthen the animal–
caretaker bond (Rennie and Buchanan-Smith 2006), which likely results in
improved animal care.

4 Nutrition

Meeting the nutritional needs of captive animals and ensuring they are free from
hunger, thirst, and malnutrition are essential to promoting their welfare. Primate
species have diverse feeding ecologies and digestive strategies. Most of the species
used in research facilities are omnivorous, consuming a variety of food including
fruits, leaves, insects, and gum. Dietary requirements for each species are based on
several factors, including gastrointestinal tract structure, natural feeding behavior,
and nutrients found in natural food sources. A detailed list of nutrient requirements
for various primate species can be found in Nutrient Requirements of Nonhuman
Primates (National Research Council 2003).

4.1 Standard Diet

All captive nonhuman primates should receive nutritionally balanced and appropri-
ate food, which is most often commercially produced in pellets or chow. Standard
chow should be provided at least twice a day (Röder and Timmermans 2002),
although many species benefit by being fed small meals throughout the day (e.g.,
Schapiro and Lambeth 2010). This standard diet should be supplemented with items
such as fresh fruit, vegetables, leaves, insects, and/or gum, depending on the species.
Because these supplements tend to be more palatable than chow, they should be
provided in moderation; animals presented with an abundance of palatable items
may gain weight and/or not eat their standard diet. Supplements may be used for
underweight or stressed animals to ensure adequate caloric intake.

Fresh water should be available ad libitum. Water can be provided in bottles or
through automatic watering systems. The latter are easier to maintain than bottles,
although lines must be checked daily and should be flushed at regular intervals to
prevent the growth of biofilm. Water quality should be assessed regularly. Animals
that do not have access to water typically decrease their food consumption; thus, if an
otherwise healthy individual reduces food intake, the water supply should be
checked.
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4.2 Food Presentation

Foraging is a major part of the behavioral repertoire of most species. In the wild,
nonhuman primates spend considerable time searching for and processing food (e.g.,
removing skin from fruit or obtaining meat from nuts). This time is often greatly
reduced in the laboratory setting, where food is readily available. Increasing the
foraging time for animals can provide them with a “job” and can help reduce
boredom and the development of stereotypic behaviors (e.g., Lutz and Novak
2005; Lutz and Baker 2022; Kemp 2022). Even simple practices such as providing
fruits, such as bananas and oranges with their outer skins intact, can increase the time
it takes the animals to process those items. Standard monkey chow can be presented
in a way that promotes foraging as well. Puzzle feeders or other devices used to
provide enrichment can be modified for use with monkey chow (Bennett et al. 2016).

When possible, food should be presented in a way that approximates natural
conditions. For example, New World monkeys are arboreal, rarely coming to the
ground to forage. Therefore, their food should be provided toward the top of the cage
and not scattered on the enclosure floor. Whole fruits can be speared and hung from
the cage, promoting naturalistic foraging behavior (Buchanan-Smith 2010). Exudate
from trees, or gum, is a staple of the callitrichid diet. Marmosets may therefore
benefit from artificial “gum trees” (Röder and Timmermans 2002) in which com-
mercially available gum Arabic is placed on branches in the enclosure (Buchanan-
Smith 2010).

Regardless of the species, standard monkey pellets and all supplements should be
provided in a clean part of the enclosure. When more than one animal is living in a
group or cage, food should be provided in multiple places to avoid monopolization
by one or more individuals (usually the dominant, or alpha, individual).

4.3 Developmental Needs

Energy requirements vary and depend not only on species, but also on the sex and
age of the individual (e.g., Wolfensohn 2010). Growing infants have a higher energy
requirement (per body weight) than adult conspecifics (National Research Council
2003). Further, reproductive status can also affect energy requirements. Lactating
females, for example, have an energy expenditure significantly higher than that of
nonpregnant/lactating females (National Research Council 2003). The amount of
food offered should take these developmental needs into account.

Proper nutrition is especially important to infant primates. Infants typically get
most of their caloric intake through nursing. When infants have to be hand-reared,
for either clinical (e.g., abandonment or death of the mother) or research purposes,
they are often fed human infant formula. It is important to make sure that the formula
utilized has appropriate supplements, as protein or vitamin D levels in human
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formula may be too low for some species (National Research Council 2003).
Formula should also include omega 3-fatty acids, which have been shown to play
a role in enhanced vision (Neuringer et al. 1984; Champoux et al. 2002), motor skills
(Champoux et al. 2002), and brain connectivity (Grayson et al. 2014) in rhesus
macaque infants. Probiotics may also be an important additive. Rhesus macaques
reared on infant formula fortified with probiotics had better immune function and
recovered more quickly from diarrhea than those fed control formula (Kelleher et al.
2002).

There is increasing evidence that the mother’s diet can affect the physiology and
behavior of the offspring. For example, infant Japanese macaques born to mothers
given a high-fat diet (32% of calories from fat) had perturbations in the serotonergic
system and increased anxiety compared to those on a standard diet (12% of calories
from fat; Sullivan et al. 2010). Thus, foods high in fat, as may be the case with
certain enrichment items, should be provided in moderation to pregnant primates.

5 Shelter

One key component to husbandry practices is the provision of adequate housing.
Shelter includes both the microenvironment (the cage or pen) and the
macroenvironment (the room or outdoor location). Appropriate shelter should pro-
vide animals with physical and thermal comfort and the ability to express species-
typical behaviors.

There are many housing options for captive primates. Caged primates are typi-
cally housed singly, or in pairs (for review see Buchanan-Smith et al. 2022), and
group-housed primates are maintained in larger enclosures such as pens, corncribs,
runs, or corrals. Cages are typically maintained indoors, although some facilities
may utilize protected outdoor areas for caged animals. Group enclosures can range in
size from relatively small indoor runs or pens to multi-acre outdoor corrals. The kind
of housing provided can depend on factors such as location of the facility and reason
for housing (e.g., breeding vs experimental purposes). While runs, pens, and corrals
are typically associated with breeding, they may be appropriate for housing research
subjects as well, depending on the degree and frequency of access required to
individual animals. If such enclosures are used for experiments in which individual
animals will need to be removed from and returned to the social group on a frequent
basis, the potential for distress experienced by other group members and the risk of
social destabilization must be weighed against the benefits to the individuals.
Positive reinforcement training (see Bloomsmith et al. 2022) can help reduce this
stress.
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5.1 Microenvironment (Enclosure)

5.1.1 Caging
Much attention has been paid recently to the size and configuration of primate cages
(for a review of the legislation, see Bayne et al. 2022). Standards for cage size both in
the U.S. and Europe mandate that regulations state that cages should allow
individuals to engage in normal posturing, including standing and stretching.
European standards for cage sizes are substantially larger than those in the USA
(European Parliament 2010) and emphasize that caging dimensions should be based
on the specific needs and characteristics of each species.

The effect of cage floor space on welfare has been studied in macaques. Short-
term confinement to smaller cages was associated with stereotypical behavior in
rhesus macaques (Draper and Bernstein 1963), and short-term increases in cage size
decreased these behaviors (Paulk et al. 1977). However, no behavioral effects were
observed when tested over a matter of weeks or more (Line et al. 1990). Cage size
did not alter urinary cortisol measures in either pigtailed (Crockett et al. 2000) or
long-tailed macaques (Crockett et al. 1993), and small increases in available floor
space (with nearly identical height) produced no behavioral changes in either species
(Crockett et al. 1995; Crockett et al. 2000). Male rhesus macaques housed in either a
large cage or pen (with a sixfold increase in floor space over the cage) showed less
anxiety behavior in the larger enclosure (Kaufman et al. 2004). In these studies,
however, animals were single-housed, and the level of environmental complexity
was not clear. It is possible that cage size plays a larger role in welfare when the
environment, including the social environment, is complex. More work is needed to
examine this hypothesis.

In addition to floor space, vertical space is an important component of overall
cage size. The use of vertical space has been studied in rhesus macaques and
callitrichids, both of which have been shown to prefer elevated areas (marmosets:
Buchanan-Smith et al. 2002; macaques: Clarence et al. 2006; Griffis et al. 2013;
MacLean et al. 2009). Vertical space confers benefits by at least two routes,
providing for species-appropriate locomotion and exercise, and moderation of
stressful stimuli by permitting vertical flight. Vertical space could be assumed to
be particularly impactful for species that are highly arboreal and subject to high
levels of predation in the wild, although findings in these species are inconsistent.
For marmosets, taller cage dimensions increased locomotion, foraging, grooming,
and affiliative contact, and decreased abnormal behavior, aggression, and startle
responses (Kitchen and Martin 1996). A study of cotton-top tamarins found no
significant differences in behavior with higher cage ceilings, but when both the
height and floor space were increased, the tamarins displayed higher levels of
activity (Box and Rohrhuber 1993). Rhesus macaques moved to cages that were
significantly smaller in both height and floor space exhibited no changes in abnormal
behavior but tension-related behaviors decreased when they were returned to larger
enclosures (Kaufman et al. 2004). The negative or inconsistent finding concerning
the welfare impacts of cage dimensions may relate to the relatively small magnitude
of change.
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In addition to cage ceiling height, the configuration of cages in an animal room,
i.e., how high cages themselves are mounted relative to the floor, can potentially play
a role in welfare. In the USA and elsewhere caging is often configured in a “two-
tiered” manner consisting of two horizontal rows of cages within an animal room,
such that some animals are housed directly above others. Alternatively, some
facilities use a “one-tiered” configuration, which affords the ability to provide at
least twice the vertical space to individual animals. Several caging companies
manufacture cages that have a removable floor between the upper and lower cages
to allow vertical access. There have been relatively few studies examining the effect
of cage configuration on welfare. Tamarins housed in lower-row cages displayed
less activity and physical contact than those housed in upper rows (Box and
Rohrhuber 1993). In macaques, results are mixed. While some studies detected no
effects of cage location in macaques (Crockett et al. 1993, 2000; Schapiro et al.
2000), another detected lower levels of stereotypic behavior among animal housed in
the upper row (Gottlieb et al. 2013a). This finding was also seen in vervet monkeys
(Seier et al. 2011). There are several potential reasons for these behavioral
differences. Primates housed in research facilities often lack opportunities to with-
draw from stressors, especially humans and their activities. This problem may be
exacerbated for those living on the bottom rows. Further, animals on the bottom tier
may receive less positive attention from humans because the lower rack is somewhat
more difficult for people to attend to. Humans may inadvertently “loom over”
animals in these cages. A potential confound in evaluating mechanisms by which
cage levels influence well-being is the fact that cages in lower rows are darker (see
Sect. 5.2.2 for discussion of the role of light).

Despite the benefits of providing animals with vertical height, one-tiered caging is
often not adopted due to logistical and financial challenges (Bloomsmith 2017). Still,
steps can be taken to periodically provide animals with greater ceiling height. One
method is the provision of exercise cages or enclosures (see below). Additionally,
animals can be rotated between the top and bottom rows, although this may not be
ideal in all situations. Relocations are a risk factor for the development of abnormal
behaviors (Gottlieb et al. 2013a; Novak 2003; Rommeck et al. 2009). Awareness of
the potential link between row height and welfare is best approached in terms of
individual animal needs. For instance, moving animals to the upper tier may help
mitigate abnormal or fearful behavior.

5.1.2 Other Enclosure Types
Primates may be housed in enclosure such as pens, runs, corncribs, and corrals,
which differ from cages in several important respects. They are larger and afford
opportunities for complex structural enrichment and a variety of types of ground
cover. With respect to enclosure sizes, few regulations stipulate minimum size
requirements per se. The U.S. Animal Welfare Act stipulates the minimum space
requirements for individual animals rather than absolute enclosure volume. Typi-
cally, in enclosures such as runs and pens, the space per animal vastly exceeds
regulatory minima for each individual should it be caged alone, so the issue of social
density is more salient than absolute enclosure size. There are also few published
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guidelines for density. For example, the Guide (National Research Council 2011)
states that the enclosure size for a social group may not need to represent sum of the
space required for each individual animal. Instead, the Guide emphasizes functional
standards, such that the enclosure meets the needs of individual animals. In an effort
to socially house as many individuals as possible, the number of animals in groups
often exceeds the number found in natural populations. Space must be sufficient to
hinder monopolization of resources, to allow animals to flee from other group
members, and to permit the inclusion of features such as visual barriers and other
structural complexities necessary to regulate aggression. While captive primates
have conflict avoidance and a tension reduction strategies for moderating aggression
when living in socially dense housing (e.g., Aureli and de Waal 1997; Judge and de
Waal 1993, 1997; van Wolkenten et al. 2006), high density can nonetheless be
stressful (Dettmer et al. 2014; Judge and de Waal 1997; Lee et al. 2018; Pearson
et al. 2015), necessitating features (e.g., visual barriers) that can moderate social
stress.

Providing access to the outside environment can improve welfare for a variety of
species. Outdoor enclosures typically involve social housing and have more space
for exercise and sensory stimulation than indoor housing. Outdoor housing is
associated with reduced physiological signs of stress (Schapiro et al. 1993) and
lower prevalence and expression of abnormal behavior (Fontenot et al. 2006,
Gottlieb et al. 2013a; Schapiro et al. 1995; Vandeleest et al. 2011). However,
outdoor housing is not without risks. For example, there is the risk of potential
disease transmission from rodents or birds. Environmental factors, such as extreme
temperatures, may also be a concern (see Sect. 5.2.1).

5.1.3 Cage Complexity
While cage size is often the focus of animal welfare concerns, cage complexity is
arguably as important in promoting welfare (Line et al. 1991). The primary enclosure
should allow for the expression of species-specific behavior. Resting areas, such as
perches, hammocks, or nest boxes, should be provided. Cage perches should be
mounted at different levels within cages, to promote climbing and to avoid monop-
olization by individuals. Perches are often part of the cage (e.g., metal), but wood
branches and/or other materials (e.g., fire hoses) can be used to make resting areas.
Regardless of the material, resting surfaces should be adapted for the physiology and
behavior of the species; for example, macaques sit on perches, but squirrel monkeys
perch with their hands and feet, and thus should be provided with round rather than
flat perching options (Williams et al. 1988). Nest boxes, for species that utilize them
(e.g., Aotus spp), are also important features of the primary enclosure. Callitrichids
live in small family units (a male and female and their offspring), which sleep
huddled together at night to avoid predation. These species should be provided
with sleeping boxes large enough for the whole family to utilize (Röder and
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Timmermans 2002). Multilevel structures and benches often supplement or replace
perches in larger enclosures.

Primates should have the ability to move normally and climb in their primary
enclosure. Obviously, large enclosures provide more opportunity for walking and
running than small cages. However, cage furniture such as perches or “tunnels” that
connect bottom and upper cages (Fig. 1) can promote climbing in cages. Swings and
moveable objects such as exercise wheels are often found in larger enclosures. These
sorts of items are readily used by most primates and are relatively resistant to
habituation (Coleman et al. 2012). Periodically rearranging these items can help
keep them novel and can foster spatial learning (Honess and Marin 2006). It is
important to ensure that these items are sturdy enough to withstand use, and they
should be replaced when necessary.

Another relatively simple way to increase the complexity of a standard cages is by
including a porch, or cage extender (Fig. 2; Gottlieb et al. 2014). Macaques typically
spend a great deal of time in porches when they are present (personal observation),
presumably because they provide a relatively wide view of the room. Further,
porches have been found to reduce the occurrence of some abnormal behaviors in

Fig. 1 Cynomolgus
macaques (Macaca
fascicularis) with a tunnel
connecting upper- and lower-
level cages
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macaques, including feces painting (Gottlieb et al. 2014) and stereotypy (personal
observation). Play or exercise cages (e.g., Griffis et al. 2013), which can attach
directly to the primary enclosure, can also provide additional complexity for the
animals (Fig. 3). Last, the caging itself can be constructed such that foraging surfaces
are integral to the caging and minimize the workload associated with enrichment
devices, which may require repair or reinstallation when detaching from caging.
Tabs and slots can be constructed for similar purposes.

The primary enclosure should also contain ways for animals to avoid visual
contact with others. Visual barriers, including walls or cylinders, have been found
to reduce aggression in pair (Reinhardt and Reinhardt 1991) and group-housed
(Crast et al. 2015; Maninger et al. 1998) primates. They may be particularly benefi-
cial during group formation, though see Erwin et al. (1976). Some animals, particu-
larly timid or stress-sensitive individuals, living in cages may also benefit from
having a “privacy panel,” which allows them to avoid visual contact with other
individuals in their room. Privacy panels can be made of plastic or other materials
and hung on the cage (Fig. 4). Interconnecting cages and racks can be designed such
that when slides are open between animals, part of the sidewall remains solid.

5.1.4 Flooring and Substrates
Along with the variety of enclosure types housing laboratory primates, there are a
number of different flooring types as well, ranging from sealed artificial flooring

Fig. 2 Caged rhesus macaque (Macaca mulatta) with a “porch”. Photo reprinted from Gottlieb
et al. (2014) (Fig. 1, p. 654) with permission from the Journal of the American Association of
Laboratory Animal Science
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Fig. 3 Exercise pen for squirrel monkeys (Saimiri boliviensis), attached to their home cages

Fig. 4 Caged rhesus
macaque (Macaca mulatta)
utilizing a privacy panel
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(concrete, epoxy, and tile) to naturalistic ground cover. Sealed flooring has some
advantages, including ease of water disposal via drain, the ability to provide heat,
and the prompt detection of clinical problems such as diarrhea. However, sealed
flooring does not provide opportunities for foraging. Adding substrates to concrete
or other smooth flooring has been associated with changes in behavioral indices of
welfare. A number of types of substrates have been studied, including woodchips,
dried ground corncob, wood wool, garden peat, and straw. Benefits of substrate
include higher levels of foraging, activity, and prosocial behavior, as well as lower
levels of abnormal behavior and aggression (Baker 1997; Blois-Heulin and Jubin
2004; Boccia 1989; Boccia and Hijazi 1998; Byrne and Suomi 1991; Chamove et al.
1982; Doane et al. 2013; Ludes and Anderson 1996). While most of these studies
included both substrate and edible foraging material, even those that focused on the
substrate alone found benefits (Blois-Heulin and Jubin 2004; Boccia and Hijazi
1998; Chamove et al. 1982).

Common challenges associated with substrates include plumbing, sanitation, and
workload concerns. However, in the few studies that included a thorough assessment
of these issues, successful drain covers were designed, and microbial analysis
demonstrated that enclosures can be adequately sanitized (Bennett et al. 2010;
Chamove et al. 1982). Furthermore, incorporating substrate reduces water and
chemical use (Bennett et al. 2010; Doane et al. 2013), and has been determined to
either save husbandry time (Bennett et al. 2010) or at least not increase it (Doane
et al. 2013). These are important findings given widespread beliefs that providing
substrates increases the labor associated with husbandry. Another concern regarding
the substrate is that it will be consumed, leading to clinical problems, but to the
authors’ knowledge this has not been demonstrated.

Outdoor-housed primates may be housed directly on the ground as well. The
nature of the ground cover can have differential effects on welfare. Macaques living
in enclosures with natural ground cover foraged more but affiliated less than those
housed with gravel (Beisner and Isbell 2008). Both aggression and hair loss
attributed to excessive grooming are seen at lower levels in the former (Beisner
and Isbell 2011).

5.2 Macroenvironment

5.2.1 Temperature
Failure to maintain an environment consistent with the natural biology of a species
will negatively impact animal health and welfare. For individuals living indoors,
temperature is typically controlled automatically. Appropriate temperature ranges
vary by taxa; for example, recommended temperatures for Old World monkeys are
generally in the 18–24 �C range (Wolfensohn 2010), while those for New World
monkeys are higher (e.g., squirrel monkeys: 24–27 �C, Williams et al. 2010;
marmosets: 23–28 �C, Buchanan-Smith 2010). The range of appropriate humidity
can also vary between species.
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It is clearly more challenging to control temperature for animals living in outdoor
environments. All animals housed outdoors should have access to an environmen-
tally controlled indoor area when temperatures reach a critical point. Heat support
should be provided during periods of low temperatures. Provisions should also be in
place for instances in which temperatures get too warm (e.g., misters, pools, and ice
blocks). Such features that moderate weather extremes should be plentiful enough to
allow use by all animals in a social group and spacious enough to be sufficiently
ventilated and cleaned (National Research Council 2011).

5.2.2 Lighting
Lighting is often automatically controlled for animals living indoors. Light cycles
vary, but typically include a 12:12 cycle, in which lights are on for 12 h a day. This
automatic lighting differs from outdoor lighting, which, in most climates, changes
with time of year. Further, unlike outdoors, where the sun slowly sets and rises,
indoor lights typically turn on and off abruptly, which can result in increased alarm
calls (personal observation). Artificial lights can be configured to simulate dusk and
dawn (e.g., Steinmetz et al. 2006), although there is a paucity of information
regarding the benefit of doing so.

There have been relatively few studies examining the relationship between light
levels and welfare, and many of these are confounded by issues of cage size and
location (i.e., top or bottom tier). Cages in the top tier are typically brighter than
those in the bottom tier. Whether these differences in lighting affect behavior is
unclear; studies have shown no behavioral differences between macaques in top
versus bottom row cages (Crockett et al. 2000; Schapiro and Bloomsmith 2001),
although other studies have found that animals living in cages in the top row are less
likely than those in the bottom to have behavioral issues (Gottlieb et al. 2013a).
However, this finding may be due to the location rather than lighting per se;
cynomolgus macaques prefer to spend time in upper-row cages compared to
lower-row cages regardless of available light (MacLean et al. 2009).

Equally important to welfare is darkness. Constant lightness, as may occur with
broken lighting, faulty timers, or with constant outdoor lights, can interfere with
sleep, causing stress and increased aggression (Morgan and Tromborg 2007). Thus,
it is important to ensure that animals have access to darkness as well as light.

5.2.3 Noise
Noise in research facilities may consist of ambient sound pressure or sudden noises,
which may arise from human activity or inanimate sources such as laboratory
equipment, machinery, or even construction. Unpredictable and startling noise is a
form of environmental perturbation that can have lasting negative effects on welfare.
Offspring of mothers exposed to unpredictable noise during gestation showed
behavioral differences compared to those born to mothers without such noise,
including increased abnormal social behavior and decreased normal social behavior
(Clarke and Schneider 1993). Rhesus macaques exposed to unpredictable loud
noises, including construction, have higher cortisol levels compared to those without
noise or those with control over the noise (Hanson et al. 1976; Westlund et al. 2012)
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Noise engendered by routine husbandry activity can also have negative effects.
Caged rhesus macaques have higher heart rates during times of day in which noises
associated with husbandry activities are pervasive compared to quieter times (Doyle
et al. 2008).

Noise abatement steps can be taken during facility design or as part of modifica-
tion to existing enclosures. Machinery that is noisy or is the focus of noisy human
activity (e.g., cage washers) should not be located close to animal holding rooms.
Noise-generating areas should be separated by multiple doors in an effort to reduce
both overall noise and sudden increases in noise (Bohm et al. 2009). Information on
sound control for behavioral laboratories (Howard and Foucher 2009) may include
strategies that can be adopted for primary housing. Soundproofing rooms, installing
acoustic door seals, or using nonmetal material for caging components may pose a
challenge in light of the need for pathogen control and sanitization, but relatively
straightforward steps such as avoiding doors that slam shut are compatible with these
needs.

Noise can also be reduced by training staff to talk quietly and avoid banging cages
and equipment as much as possible, or by innovations that help make equipment run
more quietly. Further, some sounds are intrinsically more stress invoking than
others. The highest audible frequency for humans is 20 kHz, but it is much higher
(approximately 42 kHz) for many nonhuman primate species, including squirrel
monkeys and macaques. These species can hear ultrasonic sounds such as fluores-
cent lighting, ultrasonic cleaners, and AC adapters, and these sounds can cause stress
and anxiety (Morgan and Tromborg 2007). Thus, monitoring sound levels and
frequencies is an important factor in improving the welfare of captive primates.

5.3 Cleaning

The primary enclosure for captive primates must be clean and sanitized. Cages
should be cleaned daily and disinfected on a regular basis, such as every 14 days.
Chemicals and/or hot water can be used to disinfect the primary enclosure (National
Research Council 2011). Daily cleanings should include removal of soiled bedding,
feces, and uneaten food.

It is important to keep in mind natural behavior of the species when cleaning.
Some New World Monkey species, such as common marmosets (Callithrix
jacchus), rely heavily on scent marking. Frequent cage cleaning can eliminate
olfactory signals, the absence of which may then disrupt social behavior and
dominance hierarchies in these species (National Research Council 1998). There-
fore, enclosures and objects on which these species scent mark, such as branches or
porches, are often cleaned on alternate schedules, to ensure that familiar scents are
not completely eliminated during cleaning (e.g., Buchanan-Smith 2010).
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6 Humane Handling

Many of the husbandry events discussed thus far can be somewhat stressful for
captive animals. In a broad sense, humane handling refers to husbandry practices
designed to reduce fear and distress for the animals. Below, we describe some of
these practices, which we have loosely organized into those that focus on animal
management and those that focus on human–animal interactions.

6.1 Animal Management

6.1.1 Appropriate Rearing
Appropriate early rearing is one of the most important ways to promote psychologi-
cal well-being and decrease distress for primates. Indeed, one of the greatest risk
factors for the development of behavioral pathologies such as self-injurious behavior
and stereotypy is being reared in a nursery (e.g., Novak 2003). Nursery rearing is
also associated with physiological problems including diarrhea (Elmore et al. 1992).
For these reasons, nursery rearing should be avoided when possible. However, there
are situations in which infants are abandoned, neglected, or orphaned by their
mothers, which necessitate intervention. One option in these situations is to find a
lactating female, such as one who recently lost her infant to illness, to serve as “foster
mother.”While many such lactating females are willing, and often eager, to accept a
new infant, the number of such females is often quite low. Another option is to train
non-lactating dams to serve as foster mothers. The ONPRC uses operant condition-
ing to train non-lactating females to allow infants to come to the front of the cage to
nurse from a bottle (Gottlieb et al. 2017). To date, they raised over 23 infants in this
manner, none of whom have developed behavioral problems, such as stereotypies or
self-injurious behavior, suggesting that this type of rearing might be useful for
abandoned or orphaned infants.

Infants reared with their mothers in cages are usually removed (e.g., artificially
weaned) at some point (e.g., 6–12 months of age) for management purposes. Infant
macaques should be allowed to stay with their mothers for at least 10–14 months
(McCann et al. 2007), and longer if the animals are living in a group. This time with
the mother affords infants the opportunity to become behaviorally independent
(Prescott et al. 2012), and to learn appropriate monkey behavior. If young animals
(e.g., weanlings) are grouped together, including an adult female or male can help
reduce aggression and teach them proper adult behavior (Champoux et al. 1989).

6.1.2 Reducing Relocations
In many research facilities, monkeys get relocated on a regular basis. A recent study
(Lutz et al. 2016) found that animals in some facilities may move as often as four
times a year. Such changes in location can include movement of animals from social
groups to cages, from cages to social groups, from one room to another room, or
within a room. These relocations can result from scientific needs, facility needs (e.g.,
repairs), or social needs. Regardless of the reason, relocations often result in animals
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being moved into groups or rooms with unfamiliar individuals, which can be
stressful (e.g., Bethea et al. 2005). Frequent moves have been correlated with
increased hair cortisol levels (Lutz et al. 2016) and increased risk of stereotypical
behavior (Gottlieb et al. 2013a). Further, they can affect immune function. Capitanio
et al. (1998) found that rhesus macaques subjected to frequent housing relocation
and social separations around the time of infection with simian immunodeficiency
virus had shorter survival times compared to those not exposed to these common
stressors. Reducing the number of times individuals must move may help to reduce
stress and improve well-being. Further, when animals do have to be moved, they
should be given time to acclimate to their new environment before taking part in
research projects.

6.1.3 Make Handling Predictable and Consistent
It is widely established that having a sense of control is important to the psychologi-
cal well-being of primates and other animals (e.g., Mineka et al. 1986). Lack of
control, on the other hand, can lead to stress and learned helplessness (e.g., Maier
and Seligman 1976). There are many husbandry events over which research primates
have no control, including cage washing, feeding, restraint for injection, or other
procedures. These events are often preceded by a signal; for example, the sound of a
food cart in the hallway typically indicates that food is about to be delivered.
However, many signals are somewhat ambiguous. A husbandry technician entering
the room can precede a positive event (e.g., feeding), a negative event (e.g., cage
washing), or a neutral event (e.g., daily health observations; although these may be
negative for some individuals). This ambiguity can lead to stress as the animals
cannot predict what will happen to them. Making these events predictable to the
animals can help reduce associated anticipatory stress with them, thus improving
welfare.

One way to increase the predictability of husbandry events is by performing them
at the same time each day (i.e., temporal predictability). Making husbandry events,
such as cage cleaning or feeding, temporally predictable has been found to reduce
stress and improve well-being in capuchins (Ulyan et al. 2006) and macaques
(Gottlieb et al. 2013b; Waitt and Buchanan-Smith 2001). These findings are not
universal; group-housed primates have been found to benefit from an unpredictable
feeding schedule (e.g., Bloomsmith and Lambeth 1995). Importantly, when tempo-
rally predictable schedules are changed (e.g., food that is usually delivered at a
specific time is late), it can increase stress (Waitt and Buchanan-Smith 2001).

It can be challenging to keep husbandry events temporally predictable in a
research setting. Unexpected factors, such as staff call-outs or power failures,
inevitably result in changes in the timing of husbandry events. Another way to
reduce the stress of these events is by providing a signal before the event is to occur
(i.e., signaled predictability). In a study of zoo-housed capuchins, care staff knocked
on the door to the animal’s room prior to husbandry events. This simple signal
reduced anxiety associated with these husbandry events (Rimpley and Buchanan-
Smith 2013). Signals can be auditory (e.g., buzzer or doorbell) or visual (e.g.,
colored sign). The benefits of adding a predictable signal to aversive events have
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largely been explained by the “safety signal hypothesis,” which states that when an
aversive event is reliably preceded by a signal, the absence of the signal
communicates to the animal that it is a “safe” period, and the aversive event is not
about to occur (Seligman 1968). Thus, if animals receive a reliable signal on days in
which a negative event is to occur (e.g., physical exams), they will know on all other
days that they are “safe,” reducing anticipatory stress toward that event.

There are simple ways to increase signal reliability and thus make events more
predictable to the animals. For example, at the ONPRC, technicians may wear
clothing specific to different types of events, i.e., a scrub jacket for observations
and/or giving out treats, and a standard waterproof gown for health examinations. By
wearing the scrub jackets, the technicians are effectively communicating to the
monkeys that they are not going to be doing anything aversive. The technicians
noted that within a few weeks of this change, the monkeys were seemingly less
anxious and reactive while they were in the room doing rounds (personal communi-
cation from A. Kvitky, ONPRC).

6.2 Human–Animal Interactions

6.2.1 Positive Relationship with Care Staff
Perhaps the most important way to improve humane handling is by fostering a
positive relationship between the primates and the people taking care of them.
Once discouraged and considered a potential threat to scientific objectivity (Wolfle
2002), such positive relationships are now encouraged by many facilities (Coleman
2011). Unstructured human interactions such as providing treats (Bayne et al. 1993)
or playing with and/or talking to the animals (Manciocco et al. 2009; Baker 2004)
can foster good relationships between care staff and animals. These unstructured
interactions have been shown to reduce abnormal behavior, increase species-
appropriate behaviors such as grooming, and improve well-being for a variety of
primates, including marmosets, macaques, and chimpanzees (Reinhardt 1997;
Manciocco et al. 2009; Waitt et al. 2002; Baker 2004; Bayne et al. 1993).
Importantly, these relationships can also promote coping skills (Rennie and
Buchanan-Smith 2006) and help mitigate stress reactivity toward novel objects
or situations. For example, Miller et al. (1986) found that chimpanzees were less
anxious when confronted with novelty in the presence of their trusted caretaker
than when this caretaker was absent. The amount of positive interactions does not
have to be great to have an effect; simply handing out treats for a few minutes
several times a week reduced indicators of stress in cynomolgus macaques (Tasker
2012), and sitting quietly in the room observing behavior and occasionally handing
out treats reduced abnormal behavior in rhesus macaques (Markowitz and Line
1989).

There are indirect benefits of promoting a positive relationship between care staff
and primates as well. Primates are more likely to sit calmly in the front of their cage
when they trust their caretakers than when they do not (Lehman 1992). This relaxed
response to humans can facilitate daily observations and health checks as well as
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research procedures. Further, these relationships can also benefit the caretaker (Davis
2002; Rennie and Buchanan-Smith 2006). The opportunity to engage in positive
interactions with the animals leads to increased morale and job satisfaction, which, in
turn, lead to better care and improved animal well-being (Waitt et al. 2002; Coleman
and Heagerty 2019).

6.2.2 Positive Reinforcement Training
Positive reinforcement training (PRT) is another example of a human–animal inter-
action that can foster humane handling. PRT techniques are a form of operant
conditioning. In PRT, the subject is presented with a stimulus (e.g., a verbal
command), responds by performing a specific behavior (e.g., move to the front of
the cage and remain stationary), and is provided with reinforcement (e.g., food treat)
when it has completed the specific behavior (see Bloomsmith et al. 2022).

There are many benefits associated with PRT. It desensitizes animals to poten-
tially stressful stimuli, such as injections (Schapiro et al. 2005), thereby reducing
associated stress. Further, it can reduce the need for physical or chemical restraint,
which can negatively affect welfare. PRT can also allow group-housed animals to
stay in their home environments (e.g., Fig. 5). For these reasons (and others, as
detailed in Bloomsmith et al. 2022), PRT should be incorporated into husbandry
practices whenever possible.

7 Conclusions

Animal care for captive nonhuman primates has undergone major changes in the past
few decades, as the scientific community has learned more about behavioral biology
and the effects of husbandry practices on behavior and physiology of captive
nonhuman primates. Today, husbandry practices cover all aspects of animal care,
from ensuring the animals’ nutritional needs to providing adequate shelter, monitor-
ing the health of the animals, and refining procedures so that they reduce stress and
distress.

Fig. 5 Group-housed male
Hamadryas baboon (Papio
hamadryas) trained to come to
the front of the enclosure and
allow his nails to be trimmed
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Husbandry is not performed in a vacuum; it takes a team to effectively care for
captive primates. Most facilities have highly trained animal care technicians,
veterinarians, and behaviorists working together to address the welfare of the
animals. Having these disparate people, each with unique expertise, working
together can be challenging in itself. However, an increasing number of facilities
are using a team approach toward animal care (e.g., Hawkins et al. 2011; Gottlieb
et al. 2017). Such an approach encourages people with different expertise, such as
care staff, veterinary staff, behavioral staff, and research staff, to have a voice in
decisions. It also provides an opportunity for clear communication among all parties.
One example of how this kind of approach can be useful is the Quality of Life team
established to assist in the decision-making process regarding euthanasia of primates
at the University of Texas MD Anderson Cancer Center (Lambeth et al. 2013). This
team, composed of veterinarians, veterinary technicians, and the trainer, colony
manager, and care staff who work closely with the animal, relies on both quantifiable
behavioral observations and clinical information to determine the quality of life for
individual animals, which can aid in decisions regarding humane euthanasia. The
use of a team approach has empowered care staff and has provided the veterinarian
access to information he or she might not otherwise have from people who are most
familiar with the animals (Lambeth et al. 2013).

Providing for the needs of captive primates is a dynamic process that must be
continuously evaluated and refined. There has been a dramatic increase in the
number of empirical scientific papers addressing different aspects of husbandry in
the past two decades. This information should be incorporated into animal care
programs to the greatest extent possible, to ensure that we are providing the highest
quality of care for the animals.
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Housing and Husbandry for Primates
in Zoos

H. L. Farmer, K. R. Baker, and F. Cabana

Abstract

Where once it was common to house primates singly in concrete enclosures, it has
since been recognized that nonhuman primates have complex behavioral needs.
The purpose of this chapter is to provide an overview of the main housing and
husbandry considerations for zoo-housed primates. We first address the need to
balance zoo goals, ensuring good animal welfare, conservation, education,
research, and entertainment within enclosure design. We then discuss some
specific design considerations such as space and complexity. We end on a brief
discussion regarding diet and nutrition as this is perhaps an area which requires
further investigation when considering the welfare of primates in zoos.

Keywords

Behavior · Enclosure design · Enclosure complexity · Diet and nutrition

1 Overview and Introduction

Finding a single solution to meet housing and husbandry considerations for primate
species in zoos is a difficult if not impossible task. The sheer number of species held
poses a problem; as of the end of 2019, the European Association of Zoos and
Aquaria (EAZA) lists 81 primate species, including representatives from all families
of nonhuman primates, for which breeding programs are established. Moreover,
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there are many primate species for which established conservation breeding
programs have not been established. Given morphological differences and
differences in life histories, we need to devote considerable thought to how to care
for individual species. For example, because of differences in body size, the absolute
exhibit space required for ring-tailed lemurs (Lemur catta) will be less than that
required for chimpanzees (Pan troglodytes). However, both exhibits would need to
house a large social group and ensure space to allow appropriate social interactions
and separation of individuals should that be required. Compare these to the
requirements of orangutans, a primarily solitary, large, great ape, which may require
many large interlinked enclosures to allow for appropriate social encounters while
making it possible to separate individuals when that is required.

There is thus no single approach to primate housing and husbandry, but since
zoos first opened there has been a move from menagerie-type enclosures to natural-
istic and immersive exhibits, which focus on meeting good animal welfare standards
(Coe 2003, Hosey 2022). With this progression, there has also come an emphasis on
producing evidence-based housing and husbandry guidelines for individual primate
species/taxa. These guidelines are often produced through behavioral research and
multizoo questionnaires, or through consultation with industry experts.

2 Regulations, Guidelines, and Accreditation

Zoos operate within varying legislative frameworks, internationally, regionally, and
nationally (Bayne et al. 2022). The legal side of zoo welfare provides a structured
and simplified assessment of animal welfare in zoos. Therefore, species-specific
best-practice guidelines are written for animals managed as part of captive breeding
programs. These guidelines cover aspects of husbandry, such as nutritional
requirements, enclosure facilities, disease intervention, and breeding behaviors.
However, because the zoo industry tries to be inclusive with regard to what individ-
ual zoos can achieve, these guidelines are often produced by surveying current
practice, and so provide only a minimum standard for welfare, and one that is not
backed by scientific evidence (Melfi 2005). A recent paper by Veasey (2017)
reviewed 19 Association of Zoos and Aquariums (AZA) care manuals and found
that within these documents, animal training accounted for 15% of content, veteri-
nary care for 26%, and only 16% was dedicated to the physical and social environ-
ment of the animal. Veasey argued that this imbalance is cause for concern as many
veterinary practices can negatively affect animals’ welfare. The paper concludes by
recommending that zoos prioritize what is meaningful to an animal over what
welfare indices zoos can measure.
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3 Balancing Housing and Husbandry Requirements with Zoo
Mission

As mentioned in our previous chapter (Baker and Farmer 2022), modern zoological
collections have five primary goals, namely animal welfare, conservation, education,
research, and entertainment. In terms of enclosure design, these goals could be
thought of as distinct. For example, zoo visitors want to be able to see animals,
but to achieve good animal welfare, zoos must provide areas where animals can be
“off-show.” These goals should not, however, be considered mutually exclusive for
with careful design and planning, all five goals can be met. For example, Sulawesi
crested macaques (Macaca nigra) are classed as critically endangered by the Inter-
national Union for the Conservation of Nature (Lee et al. 2020). The Wild Planet
Trust currently runs the EAZA Ex situ Programme (EEP) for the species, houses two
breeding groups of M. nigra in their zoos (Paignton Zoo and Newquay Zoo, both in
the UK), and initiated the Selamatkan Yaki in situ conservation project in Sulawesi.
By contributing to in situ conservation efforts and ex situ breeding programs, the
Trust is achieving its conservation aim. The two captive groups of Sulawesi
macaques held in these zoos participate in research projects that cover topics
including behavior and nutrition, and so the Trust also meets their welfare and
research goals. Moreover, the Trust meets educational goals by means of educational
interpretation boards at the enclosures, which convey information about the captive
animals and conservation efforts in the wild, and by keeper talks, which are very
popular. Both enclosures also have separate indoor and outdoor areas, which are
structurally complex and allow individuals to be “off-show” if they choose, thus
meeting animal welfare needs.

In articles that evaluate an extensive exhibit renovation for gorillas and
chimpanzees at Lincoln Park Zoo, Chicago, Illinois, USA, the authors document
how a change from a traditional to a naturalistic exhibit design affects animal
behavior and welfare (Ross et al. 2009, 2011b), visitor behavior (Ross and Lukas
2005; Ross et al. 2012), and visitor knowledge and attitudes (Lukas and Ross 2014).
Briefly, the Lester E. Fisher Great Ape House underwent significant renovation in
2002 and reopened in 2004 as the Regenstein Center for African Apes (RCAA).
While the Great Ape House met the requirements for modern ape enclosures and was
considered an innovative facility, the renovations increased both the available
exhibit space and the complexity of furnishings. These improvements led to a
decrease in abnormal behaviors and visual monitoring of the public and keepers
(attention behaviors) in chimpanzees, and a decrease in agonistic, inactive, and
attention behaviors in gorillas. In addition, visitors spent twice as long at the
naturalistic exhibit than they did at the traditional exhibit. They also spent longer
in absolute terms watching the apes and reading interpretation boards. On the other
hand, the proportion of time visitors spent watching apes was less in the new exhibit.
The authors suggest that the increased proportion of time that visitors spent engaged
in “other” behaviors was due to people interacting with members of their group and
demonstrated a comfort with their surroundings, both of which can be important for
learning (Lukas and Ross 2014). There was also a decline in disruptive behavior by
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the visitors, such as banging on the exhibit’s glass windows. When visitors’ knowl-
edge about and attitudes toward apes were surveyed, visitors demonstrated knowl-
edge gains after their visit, but this gain was no higher than that for the traditional
exhibit (Lukas and Ross 2014). However, visitors to the RCAA demonstrated more
ecoscientistic attitudes, that is, they were more likely to agree with statements such
as “I would enjoy learning about the ecosystem or population dynamics of wild
gorillas/chimpanzees,” toward chimpanzees, suggesting that naturalistic exhibits
may be more effective in raising concerns for nature and conservation (Lukas and
Ross 2014). These examples demonstrate how a shift to more functionally and
aesthetically naturalistic enclosures (Coe 2003) may benefit both animal welfare
and visitor experience alike, thus achieving the goals of modern zoological
collections.

3.1 Behavioral Needs of Zoo-Housed Primates

As previously outlined, the behavioral needs of primates in zoos will differ within
and between species, i.e., ape species ultimately need more space than callitrichid
species, whereas differences in locomotor behavior may influence the furnishings
required to meet behavioral needs; for example, arboreal primates will require tall
climbing structures.

Rather than basing decisions on phylogenetic relatedness by, for example,
assuming that all prosimian species will have similar requirements, enclosures
must be designed (or adapted) for species based on evidence obtained from research
on wild and captive members of that species. An example of this kind of research is a
comparative study by Pomerantz et al. (2013) who identified factors associated with
stereotypic hair pulling and pacing in zoo-housed primate species. They found that
similarity in the degree of stereotypy that individuals exhibited was not affected by
phylogenetic relatedness but by natural group size. This finding suggests that
management decisions should be guided by a species’ biology/ecology and not on
what works for closely related species and what does not work for distantly related
species.

We will next cover some specific issues in zoo primate housing and husbandry.
Other chapters in this volume (e.g., Talbot et al. 2022) address species-specific
cognitive, behavioral, social, and other needs, and each of these must also be
considered in the housing and husbandry of zoo-housed primates.

3.2 Accommodating Zoos’ Exhibition Needs

One of the largest and more unique challenges for zoos is coping with the daily
influx of visitors and meeting their expectations. Visitors want to see animals, but in
most zoos, primate species are behind barriers, such as mesh fencing or glass. Some
smaller-bodied primate species; however, may have free-ranging access to all or
specific parts of an enclosure. In the Secretary of State’s Standards for Modern Zoo
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Practice, UK (DEFRA 2015), zoo animals are categorized into risk levels “on the
basis of the animal’s likely ferocity and ability to cause harm to people, and the scale
of harm if it should do so.” For example, great ape species are classed as category
1 (greater risk), where “contact between the public and animals is likely to cause
serious injury or be a serious threat to life.” They must therefore “be separated from
the public by a barrier of suitable design.” Callitrichids are in category 2 (less risk),
where “contact between the public and animals may result in injury or illness” and
animals “would normally be separated from the public by a barrier” but “given
adequate space and refuge.”

In response to the 2005 International Symposium on Zoo Design, Melfi et al.
(2005) suggested that many modern zoo enclosures do not meet the needs of animals
and they do those of visitors and staff. The authors suggested that the visitor
experience has become the priority for enclosure design considerations. This may
be because visitors are the primary source of income for most zoos and, as such,
visitor perceptions of enclosures are considered high priority, but it may also be
because what an animal requires from an enclosure is mostly based on anecdote and
not evidence.

Visitor perceptions of animal welfare and behavior are particularly important
because the public will often evaluate the welfare of animals through visual inter-
pretation of an enclosure. A survey conducted at Paignton Zoo asked 42 zoo visitors
to evaluate photographs of different tiger and primate enclosures. The photographs
showed enclosures with varying levels of vegetation, barriers, and naturalistic
materials. The survey revealed that respondents viewed more naturalistic enclosures
as being better; all respondents rated the greenest enclosure highly and thought its
inhabitants would have the best welfare (Melfi et al. 2004). In response, it is
suggested that enclosures that have more naturalistic planting and fewer physical
barriers may be perceived by the public as more beneficial to animals; however, such
enclosures, which include free-ranging exhibits, involve a potentially higher level of
interaction between the animals and visitors, which poses welfare problems.

Zoo managers and marketing staff often favor housing primates in free-ranging
exhibits. Their view seems to be that proximity to the animals will enhance the
visitor experience. Research on three free-ranging exhibits at the Singapore Zoo
which housed white-faced sakis (Pithecia pithecia), cotton-top tamarins (Saguinus
oedipus), and orangutans (Pongo pygmaeus) found high rates of visitor–animal
interactions, including negative interactions, at the cotton-top tamarin enclosure
where visitors could get in closest contact with the animals. However, for all species,
visitor responses were positive in terms of enjoyment, learning, and perceptions of
good welfare (Mun et al. 2013). Along the same lines, Bryan et al. (2017) noted that,
in addition to the benefits for visitors, free-ranging exhibits provide primates with a
more naturalistic setting and may therefore promote species-typical behaviors and
animal welfare.
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3.3 Accommodating Zoo’s Research Needs

Primates are popular research subjects and most zoos either carry out research or
allow visiting researchers to use their collections. There have been recent collabora-
tive efforts between zoos and academic institutions that demonstrate ways in which
enclosure design can incorporate research needs and possibly improve welfare. The
Living Links to Human Evolution Research Centre at the Edinburgh Zoo is managed
in collaboration between the Royal Zoological Society of Scotland and the Univer-
sity of St Andrews, and the Scottish Primate Research Group. The center operates as
a research center and educational exhibit, and it has resulted in high-quality research
on mixed-species groups (Buchanan-Smith et al. 2013), social learning and
traditions (e.g., Claidière et al. 2013), and personality (e.g., Morton et al. 2013).
Researchers at Birmingham University are working alongside Twycross Zoo and the
British and Irish Association of Zoos and Aquariums (BIAZA) to devise an Enclo-
sure Design Tool for chimpanzees, to ensure that captive animal behavior mimics
that of wild chimpanzees (University of Birmingham, 2020). These examples
demonstrate the importance of primate research within zoos. Enclosures can be
built or modified to enhance research, but high-quality studies can also be conducted
in existing enclosures.

4 Specific Enclosure Design and Husbandry Considerations

There are a range of resources that need to be included within enclosures to enhance
the management of zoo primates. Best-practice guidelines for primate enclosure
design are achieved through communication between zoos, conference
presentations, stakeholder meetings, and personal communication. Empirical evi-
dence regarding the success or failure of specific resources should also feed into
best-practice guidelines. We outline some of the main considerations below.

4.1 Space

While important resources, such as sleeping and feeding sites, are contained within
enclosures, space itself is a valuable resource. Concerns over too little space in
captive environments are often focused on taxa, such as carnivores, with large
ranging patterns (Clubb and Mason 2003). The relationship between home range
size and travel patterns, and optimal enclosure size, may also be applicable to captive
primates (Pomerantz et al. 2013). While it is generally accepted that there must be
minimum guidelines for space requirements per animal, what these requirements
should be is difficult to agree on. This is true even for species such as chimpanzees,
whose home range sizes and travel patterns in the wild are well-known. The
American Association of Zoos and Aquariums (AZA) Ape Taxon Advisory Group
recommends outdoor space of at least 185 m2 for groups of five or fewer
chimpanzees and an additional 93 m2 for every additional individual. The National
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Institutes of Health recommend that chimpanzees be provided with 23 m2 per animal
and the US Department of Agriculture states that spaces must exceed 2.32 m2 per
animal (Ross and Shender 2016).

While absolute space is important, preventing a perceived reduction in space, that
is, when animals are forced into proximity with each other, is just as important a
consideration in enclosure design. The impact of restricted space on primate species
is complex because of their sophisticated social behavior; primates have numerous
coping strategies that they use in times of social stress (de Waal 1989). Two such
strategies are “tension reduction,” which involves increasing positive social
behaviors, and “conflict avoidance,” which involves avoiding conspecifics in the
same enclosure and increasing the frequency of nonsocial behaviors (Judge et al.
2006).

Individual primates in zoos will, at some point, experience changes in their social
situation. This may happen naturally through births and deaths in the social group or
come about because of the actions of human caregivers, such as zoo transfers.
Ultimately, these changes require not only space for animals to retreat but also
complexity in enclosure design that meets the needs of all individuals. A study
examined the behaviors that took place during the introduction of 11 chimpanzees
from Beekse Bergen Zoo in the Netherlands into Edinburgh Zoo’s Budongo Trail
enclosure, which held 11 chimpanzees. Budongo Trail is a purpose built enclosure
incorporating many enclosure areas to allow for fission–fusion social dynamics. The
researchers found that the number of accessible enclosure areas rather than the
absolute amount of space had a greater effect in reducing the frequency of stress-
related behaviors, such as scratching, when the introductions took place (Herrelko
et al. 2015). This suggests that having an increased choice of locations ameliorates
the impact of increased social density (Herrelko et al. 2015). Incorporating different
areas in new enclosures like Budongo Trail is an important consideration but even in
existing enclosures where development is limited due to physical or financial
constraints, increasing the number of perceived enclosure locations through visual
barriers such as vegetation screens may be a key management tool during social
changes.

Zoos are often required to house animals temporarily within off-show holding
areas for short periods as part of general husbandry procedures, or for longer periods,
such as prior to or after transportation. These areas are often smaller in size than
on-show facilities. During such times, depending on the composition of the group,
there may be a period of stress and aggression. The behavior of gorillas and
chimpanzees housed in Lincoln Park Zoo was compared when the animals were
housed in their indoor on-show enclosure (109 and 124 m2, respectively) to their
comparatively small off-show holding exhibits, comprised of six 10.8 m2 rooms.
The gorillas displayed more activity and more affiliative behavior when housed in
the smaller, off-show exhibit. The chimpanzees, on the other hand, displayed more
aggressive behavior and engaged in more self-directed behavior (Ross et al. 2010)
suggesting that zoo off-show facilities must cater for the behavioral needs of all
animals.
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It is widely recognized that, although the absolute space available must meet
minimum requirements for species’ health and well-being, the quality of the space is
also critical (Hosey 2005; Ross et al. 2011a). Choice and control provided through
exhibit design may be as simple as providing indoor and outdoor areas, to
incorporating technologies that allow animals to control aspects of their environment
such as temperature, humidity, or even whether music is playing. In the following
sections, we discuss broad issues related to increasing the environmental complexity
and the functionality of primate enclosures.

4.2 Retreat Areas

As reported by Baker and Farmer (2022) and above, visitor presence affects
primates’ welfare in positive, neutral, and negative ways. The most commonly
reported visitor effect is negative (Hosey 2005), and so enclosures need to be
designed to mitigate this effect. Kuhar (2008) reported that when they were exposed
to large crowds, the gorillas (Gorilla gorilla gorilla) at Disney’s Animal Kingdom
hid behind denser vegetation in the enclosure. A simple way to reduce visitor effects
is to provide a visual barrier between the visitors and animals; for example, camou-
flage netting was a successful addition to the gorilla enclosure at Belfast Zoo. After
the barrier was implemented, there was a significant decrease in conspecific-directed
aggression and stereotypies (Blaney and Wells 2004). This, and other examples
(e.g., Sherwen et al. 2015), suggests that providing visual refuge may benefit animals
that respond in a negative way to visitors, including animals housed in enclosures
that promote animal–human proximity.

4.3 Indoor Versus Outdoor Facilities

As a rule, most zoos provide both indoor and outdoor areas for their primates.
However, small neotropical primates and/or nocturnal primates can be kept solely
in indoor enclosures, which come with their own challenges (see below).

For the moment, we will consider enclosures that provide indoor and outdoor
space. The provision of indoor and outdoor areas is important for several reasons.
Firstly, allowing animals choice to be inside or outside adds a level of complexity to
the daily lives of the animals. Secondly, it provides areas where animals can escape
to should they need or wish to remove themselves from stressful social situations.
Thirdly, time spent outside exposes individuals to natural sunlight, which is impor-
tant for health and physiological function (Coleman et al. 2022). The resources
provided in indoor and outdoor areas may differ greatly. Indoor areas often have
hard floors that may be covered in substrates, such as bark, or hay, incorporate dens/
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sleeping sites, have artificial furnishings, and are close to management/service areas.
Outdoor enclosures tend to be larger and have more natural substrates, such as grass/
soil, and furnishings may be more natural.

Evaluating how zoo primates utilize indoor and outdoor areas is key to ensuring
welfare and for improving enclosure designs in the future. For example, a multizoo
study of Sulawesi macaques found that the animals spent an average of 44% of their
time indoors regardless of season, yet indoor areas represented only 5% of the total
enclosure area (Melfi and Feistner 2002). In other species or situations, different
preferences may be seen. For example, common marmosets (Callithrix jacchus) at a
university research facility showed a strong preference for outdoor areas, choosing to
spend almost 70% of their time outdoors (Pines et al. 2007).

A recent in-depth study by Ross et al. (2011b) evaluated how two groups of
chimpanzees (n¼ 7 and 12) and two groups of gorillas (n¼ 7 and 4) used enclosures
at the Lincoln Park Zoo. All four groups had naturalistic enclosures consisting of an
indoor dayroom (101.4 m2) and an outdoor yard (585.5 m2). The day rooms had a
deep mulch substrate, 8-m-high meshed ceilings, elevated platforms, artificial
climbing structures, ropes, and vines. The yards had grass substrate, varied topogra-
phy, and both natural and artificial climbing apparatus. Because the apes were
provided access to outdoor areas only when the temperature exceeded 5 �C, the
authors were able to compare enclosure use under two conditions: (i) when access to
the yard was restricted because it was too cold outside and (ii) when the apes had
access to the yard. Over the four-year study period (2004–2008), chimpanzees were
seen in 56% of available quadrants and spent over half of their time in just 3% of
enclosure areas. Gorillas were seen in only 28% of quadrants and spent half their
time in just 2% of the enclosure area. Moreover, when they were given access to
outdoor areas, the chimpanzees spent about a third of their day in outdoor areas
while the gorillas spent only 7% of their day outdoors. A later study compared the
behavior of the same chimpanzees and gorillas at Lincoln Park Zoo when individuals
could utilize outdoor areas and when they could not (Kurtycz et al. 2014). During
times when individuals could access the outdoor areas, the chimpanzees exhibited
more prosocial behavior, less inactivity, and more self-directed behavior during the
same time, the gorillas manipulated objects, fed less often, and were less active.

These findings by Ross et al. (2011b) and Kurtycz et al. (2014) suggest that
captive nonhuman primates may prefer indoor enclosures, which means that, to meet
welfare needs, new enclosure designs must allocate more space to indoor areas, for
example, by making use of vertical space (see below and Morimura et al. 2022).
Moreover, the results of Ross et al. (2011b) and Kurtycz et al. (2014) suggest that,
although the effects may differ between species, for example, between chimpanzees
and gorillas, the ability to access outdoor areas may benefit primate welfare as it
provides them with a choice of environment.
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4.4 Indoor Enclosures

Providing access to outdoor enclosures can benefit the health of captive nonhuman
primates. Exposure to ultraviolet (UV) light has many health benefits as it
encourages the metabolism of vitamin D3. Little research has examined the effect
of UV light on mammals. For many nonhuman primate species, including Japanese
macaques (Macaca fuscata Hanya et al. 2007) and ruffed lemurs (Varecia variegata
Morland 1993), there is evidence that basking is important for thermoregulation.

In the past, because of vitamin D deficiency, captive primates have suffered from
defective bone growth and demineralization (Power et al. 1995), known commonly
as rickets. For example, three juvenile colobus monkeys (Colobus guereza
kikuyuensi) reared solely indoors with no access to UV light were reported to have
developed rickets (Morrisey et al. 1994), with similar findings in chimpanzees
(Junge et al. 2000). In captive primates, vitamin D supplementation reportedly
eradicates and prevents the development of rickets (Power et al. 1995), and so
vitamin D supplementation in captive primates is a common practice. However,
there are risks associated with vitamin D supplementation, including
hypervitaminosis D, hypercalcemia, and hyperphosphatemia, all of which lead to
the mineralization of muscles and other soft tissues, which can be fatal (see review
by Dittmer and Thompson 2011).

Many zoos that house species that are known to get exposure to sunlight in the
wild are located in countries where UV levels are low for many months of the year.
In response, many of these zoos have begun to investigate the benefits of providing
artificial UV lighting. For example, a study at Jersey Zoo found that pied tamarins
(Saguinus bicolor) that were exposed to UV without dietary supplementation had
higher vitamin D3 serum levels than pied tamarins that were given dietary
supplements (López et al. 2001). Findings such as this suggest that it may be
preferable to provide animals with artificial UV lighting than to supplement their
diet. However, there are drawbacks to this approach, including that of chronic
exposure to unsafe levels of UV radiation, which has been shown to cause the
development of corneal clouding, retinal lesions, and lens cataracts in rhesus
macaques (Macaca mulatta; Zuclich 1984). Therefore, further research into the
effects of UV provision is required to provide evidence-based guidelines for its
application in captive settings.

Lighting is also a strong consideration for the exhibition of nocturnal primates
such as potto (Perodicticus potto), aye-aye (Daubentonia madagascariensis), bush
babies (Galago spp.), and species of loris (Loris and Nycticebus spp.). Nocturnal
species are most commonly housed indoors under a reverse lighting system with a
range of colors (red, blue, and/or white) provided in the dark phase. Research on
aye-ayes at two US zoos found that in nocturnal exhibits, time spent active was
significantly lower when animals were housed under blue compared to red light
(Fuller et al. 2016). This study also found that salivary melatonin, which functions as
a “time-keeping” hormone that maintains individuals’ daily rhythms (Mirick and
Davis 2008), was lower in the blue than in the red light condition (Fuller et al. 2016).
A review of husbandry practices in North American zoos reported that loris species
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were exposed to equal amounts of red and blue lighting (Fuller et al. 2013), whereas
the current husbandry manual recommends that captive lorises are exposed to a full
light spectrum during the daytime and full spectrum or red light at night (Fitch-
Snyder and Schultze 2001). These findings suggest that a wider review of the effect
of current lighting practices on nocturnal primate behavior is necessity to promote
animal welfare and the implementation of appropriate husbandry.

4.5 Three-Dimensional Structures

Many primate species are primarily arboreal. Most primate species also have a
vertical flight response in that they climb up when alarmed (Milller and Treves
2006; Caws et al. 2008). Providing three-dimensional space for primate species is
therefore as important as providing large areas in terms of square footage. For
example, gibbon brachiation is an adaptation for life in an arboreal environment
and zoo environments must enable this type of locomotion. Modifications of a
habitat for two siamang gibbons (Symphalangus syndactylus) and six white cheeked
gibbons (Nomascus leucogenys), at the Smithsonian’s National Zoo, Washington,
USA, involved the addition of a log bridge, hammocks, and a pulley system
(to enable feeding at higher levels) within the enclosure. After these modifications
to the enclosure, the gibbons spent more time at higher levels in the enclosure and
more time active (Anderson 2014).

Zoo designers at the Fort Wayne Children’s Zoo, Indiana, USA, came up with a
unique orangutan enclosure in that the floor of the enclosure was flooded to replicate
the orangutans’ natural habitat and to encourage arboreal movement. Researchers
studied the behavior of three adolescents (two females and one male) over a
10-month period. For their analysis, they split the enclosure into four vertical levels:
top, upper canopy, lower canopy, and floor. All the orangutans used the upper
canopy the most, followed by the lower canopy, and the top and bottom levels,
respectively. There were also behavioral differences associated with the different
locations. For example, orangutans were most solitary and inactive in the upper
canopy and most social and active in the lower canopy (Hebert and Bard 2000).

Vertical structures may also meet an important social need as they provide escape
routes for primates which are trying to avoid aggression from conspecifics. For
example, during Sulawesi macaque introductions at Newquay Zoo, UK, keepers
provided branches that would support the weight of adult females and juveniles but
not the weight of the large dominant male (Baker, personal observation). After
adding 50 vertical poles connected by ropes and nets to a chimpanzee exhibit at
Chester Zoo, UK, the proportion of severe aggressive encounters, that is, those that
included biting and physical fighting, initiated indoors, significantly declined
because the recipient of aggression used these structures to escape (Caws et al.
2008).
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4.6 Enclosure Materials and Substrates

The shift to more naturalistic enclosures in zoos is thought to convey a better
message to the public and to better meet animal welfare needs. However, if
enclosures are designed to be more naturalistic purely for aesthetic reasons, they
may offer little to the animals (Sheperdson and Mellen 1999; Melfi 2005). To
illustrate this, Fàbregas et al. (2012) evaluated 1381 enclosures in 63 Spanish zoos
and rated them in terms of how naturalistic they were and whether they were suitable
for the species. The degree of suitability in this instance was based on whether the
enclosures provided environmental resources that were relevant to the species’
biology. Of the 153 enclosures that were considered naturalistic, 78% were deemed
suitable for the species, and of the 1228 enclosures that were considered
non-naturalistic, 40% were deemed as suitable for the species. This suggests that
naturalistic enclosures are better at meeting species needs, although it is worrying
that the complex design process behind naturalistic enclosures is not meeting welfare
needs in 22% of the cases. Moreover, the fact that 40% of non-naturalistic enclosures
were classed as suitable indicates that, if they are designed with the species’ biology
in mind, non-naturalistic enclosures can meet welfare needs, too. Seventy-seven
enclosures were for primate species and the aspect that was most commonly
unfulfilled was the provision of suitable space and structures to allow species-
specific locomotor behaviors. This highlights the need to consider elements such
as three-dimensional space and complexity that we have discussed here.

Depending on a zoo’s design ethos, materials used for structures, shelters, and
other resources within an enclosure may be artificial (e.g., hammocks made from
recycled firehose), natural (e.g., vegetation used as climbing structures), or artificial
materials that are made to look natural (e.g., fake rockwork). Regardless of material,
it is essential that these resources serve a biological purpose. For example, vegeta-
tion, rope, wood, and firehose can all be used for climbing but what is biologically
relevant to the primates is that they can climb regardless of material.

That said, the choice of material should be guided by the species’ biology. For
example, a study of arboreal substrate use by grey mouse lemurs (Microcebus
murinus) showed that their strategy for grasping small, mobile food items, such as
insects, was affected by substrate diameter (Toussaint et al. 2013). Compared to a
narrow substrate (one which individuals could wrap their hands and feet around),
when foraging for prey on a wide substrate (one which individuals could not wrap
their hands and feet around completely), there was greater variability in the grasping
technique (Toussaint et al. 2013). While this study was conducted in an experimental
facility of the Museum National d’Histoire Naturelle, France, for at least this species,
there are implications for the design of zoo exhibits, namely that a range of substrate
diameters should be provided to encourage a range of foraging strategies and
locomotory behaviors.

Flooring substrate is another area of enclosure design that has received attention.
Chamove et al. (1982) provided eight species of primate (moustached guenons
Cercopithecus cephus, vervets C. aethiops, ring-tailed lemurs Lemur catta, stump-
tailed macaquesMacaca arctoides, squirrel monkeys Saimiri sciureus, black-capped
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capuchins Cebus apella, red-bellied tamarins Saguinus labiatus, and common
marmosets Callithric jacchus) with deep litter woodchip substrate across three
conditions: woodchip, woodchip and grain, and woodchip and mealworms. Com-
pared to bare floor, all species spent more time on the ground when it was covered
with woodchip. When grain or mealworms were added, the animals spent even more
time on the ground. In addition, compared to the bare floor condition, the researchers
observed more positive social behavior in the woodchip condition and fewer nega-
tive social interactions in all woodchip and woodchip plus food conditions.

Ensuring that enclosure structures and furnishings are appropriate for each
species is a key task for those involved in enclosure design. While broad
requirements may be similar for some species, consultation of a wide range of
resources is needed to ensure that species-specific and individual needs are met.

4.7 Mixed-Species Exhibits

The housing of multiple primate species within the same exhibit is common practice
for small-bodied species, such as callitrichids and lemurs. It is less common for
larger species, such as apes. The decision on whether to house different species
together is based on many factors. These include whether the species are found in the
same habitat in the wild, the temperament of the species and individuals, and the
ability for the zoo to reduce competition for resources, which may not be as much of
a problem if the different species have different diets in the wild. If a decision is
made to establish this type of exhibit, the housing design is essential to ensure
success of the mix and that welfare needs are met. For example, all species must be
able to use a large proportion of the exhibit area and have the choice to remove
themselves from interspecies interactions if they choose to do so.

Successful mixed-species exhibits often have multiple exhibit areas. For example,
the shared pygmy marmoset and Goeldi’s monkey (Callimico goeldii) exhibit at
Edinburgh Zoo, consists of five sets of enclosures with spacious indoor and outdoor
areas joined by overhead ducting, and a wide variety of furnishings at different
orientations (Dalton and Buchanan-Smith 2005). Even larger primate species can be
successfully housed in mixed-species exhibits with careful management and
planning. In the Adelaide Zoo, Australia, a female orangutan (of a pair) frequently
engages in affiliative behaviors with a pair of siamang gibbons in the mixed exhibit
(Pearson et al. 2010).

Wojciechowski (2004) details what happened when five red-capped mangabeys
were introduced into a tropical house exhibit that housed three African primate
species (black and white colobus monkeys Colobus guereza, mandrills Mandrillus
sphinx, and sooty mangabeys Cercocebus atys). The introduction did not change the
behavior of the mandrills and colobus monkeys, but the behavior of and use of the
enclosure by the sooty mangabeys was significantly affected. An important note in
this study is that all species were locked in species-specific holding areas at night and
fed in these dens to reduce feeding competition. These findings indicate that conflict
may arise when a new species is introduced into an exhibit that houses a closely
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related species. This may occur because both species have similar ecological niches
and so they will tend to compete with one another.

4.8 Environmental Enrichment

Environmental enrichment is the addition of stimuli or the provision of choice and
complexity within an enclosure. The types of enrichment that can be provided and
the importance of a dynamic enrichment program are covered in detail elsewhere in
this volume (Kemp 2022). One important role of enrichment in zoos is to stimulate
natural behaviors, which may increase the likelihood that these animals will survive
when they are introduced into the wild (Reading et al. 2013). Due to their complex
cognitive and behavioral needs, many primate taxa receive extensive environmental
enrichment compared to other mammals (Hoy et al. 2009).

In terms of zoo exhibit design, daily physical enrichment can be achieved by
designing exhibits that are complex, dynamic environments. For an intervention to
be classed as enrichment, it cannot be a constant fixture. Physical enrichment can
therefore be achieved if there is an ability to change features of the exhibit or by the
addition/removal of objects. For example, the use of dynamic branching in golden
lion tamarin (Leontopithecus rosalia) enclosures enabled individuals to develop
appropriate locomotory behaviors, which, alongside pre- and post-release training,
led to the successful reintroduction of this species (Stoinski and Beck 2004).
Similarly, if an enclosure includes natural plants, then seasonal changes in foliage
will provide complexity.

4.9 Diet and Nutrition

Our knowledge of animal nutrition has evolved over the years, starting from
focusing on how to feed agricultural production animals, to pets and laboratory
animals, and finally to zoo animals. The sheer number of species housed in zoos
coupled with the lack of published wild diet information or nutrient requirements
meant that new methods have been developed to learn how to feed these animals.
Relying on the strategies used for domestic or production animals is of little use due
to a lack of reference materials. Physiological model species (usually domestic
animals) have been identified but rather than base a model on their nutritional
requirements or feeding ecology, they are often assigned to an exotic species
based on phylogeny or physical appearance. Limited knowledge in the dietary
requirements of wild primates has led to many captive species commonly being
fed very similar diets (Plowman and Cabana 2019), even if they are completely
different species with different feeding ecologies and feeding niches. Up until very
recently, inadequate diets contributed significantly to chronic health problems,
including heart disease, obesity, diabetes, gastrointestinal disorders, dental disease,
and irritable bowel syndrome (Edwards and Ullrey 1999; Kuhar et al. 2013; Plow-
man 2013; Clayton et al. 2016). There is evidence that diet also has a strong effect on
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behavior and a change in diet can sometimes significantly reduce abnormal behavior
patterns (Less et al. 2014). Fortunately, within the past 20 years, there has been a
boom in research on the natural ecology of primates and on behavior of captive
primates.

Feeding captive primates requires in-depth knowledge about their natural feeding
ecology, digestive morphology, and alternative food items that would supply similar
nutrients in appropriate concentrations. In the latter case, for example, the nutrients
found in fruits eaten by wild primates are different from those available to primates
in zoos (Oftedal and Allen 1997). Care must also be taken to not fall into feeding
niche archetypes, such as frugivorous or insectivorous; well-known primates, such
as gorillas, were assumed to be frugivores, which led to the belief that they should be
fed fruits (Plowman 2013). With a few notable exceptions (such as tarsiers who are
known to be exclusively carnivorous), primates are generalists, and so do not subsist
on one kind of food. Most primates classified as frugivores, for example, will eat
many other food items when fruit is unavailable (Russon et al. 2009).

The nutrients found within wild fruits are best replaced by providing vegetables
(Schwitzer and Kaumanns 2003). Switching from a high fruit diet that is higher in
sugar and lower in fiber to a diet that includes more vegetables and browse (tree
leaves, branches, and other roughage), and thus is lower in sugar and higher in fiber,
has marked health and behavior benefits for captive primates. A diet that includes
more vegetables and browse also more closely matches the nutrient concentration
ingested by wild primates.

Browse is also a great addition to the diet of any primate and is an essential part of
the diet of folivores, such as gorillas (Doran-Sheehy et al. 2009) and colobines
(Edwards and Ullrey 1999). Indeed, the nutrients found in browse are difficult to
replace adequately, so if an institution cannot provide browse throughout the year to
a folivorous primate, the institution should consider keeping a different species.
Insects are another very popular, palatable, and important food for small primates.
They are often dusted with calcium powder to even-out their mineral compositions,
but proper gut loading of insects should also be employed. Gut loading occurs
through feeding a food, which is highly concentrated in the nutrients that insects
themselves lack (e.g., vitamins, calcium, omega-3 fatty acids) (Finke 2003). The
most common food item in captive diets has been pellets (monkey chow). While
pellets are not a bad food to include as part of an adequate diet, their inclusion should
not comprise the majority of the diet. It is possible to have a healthy and even
superior diet without including pellets. Using pellets decreases the variety of food
types in the diet, which has been linked to decreased gut microbe diversity (Clayton
et al. 2016). If adequate whole foods cannot be sourced, however, then pellets are a
popular alternative, some of which may provide adequate nutrient concentration but
rarely support natural feeding behaviors.

Some animals have adapted so that they can process particular foods. For
example, slow lorises (Nycticebus spp.) and callitrichids (Callitrichinae spp.) have
physiological adaptations to be able to harvest and digest tree gum (Cabana et al.
2018a, b) and capuchins have developed tool use behavior to break apart tough nuts
(Wright et al. 2019). Feeding a food that a species has a physiological or behavioral
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adaptation for is essential for meeting welfare needs as they promote the expression
of a natural feeding behavior and/or provide essential nutrients that are difficult to
obtain from other foods.

Feeding naturalistic diets has many benefits, such as preventing diabetes and
reducing the frequency of abnormal behaviors (Cabana et al. 2018c), the likelihood
of wasting syndrome (Cabana et al. 2018e), and parasite load (Cabana et al. 2018d),
support an ideal body condition (Cabana et al. 2018d), and decrease occurrence of
dental disease and aggression (Plowman 2013; Britt et al. 2015). The latest evidence
also shows that a more naturalistic diet selects for a commensal gut microbe
community, and this has a host of benefits relating to health, reproduction, and
behavior (Clayton et al. 2018; Cabana et al. 2019).

5 Summary

The variety of primate species housed in zoos worldwide makes generalizing about
their housing and husbandry difficult. With more evidence-based husbandry
recommendations regarding features, such as space and climbing structures, it
should be easier to design good enclosures. Husbandry considerations such as
moving animals, enrichment, and diet also benefit from increased evidence-based
practice and communication between institutions with similar housing and hus-
bandry requirements.
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Humane Endpoints and End of Life
in Primates Used in Laboratories

Sarah Wolfensohn

Abstract

Deciding when and how to end an animal’s life are critical when managing its
welfare. This chapter gives an overview of the use of nonhuman primates in
science, and of the European regulations and the ethical perspective of justifying
such use with a harm:benefit assessment. It reviews the definitions of a humane
endpoint and considers how to set that endpoint to limit the harms by objectively
assessing the animal’s welfare. The setting of humane endpoints should be
incorporated into management systems with other considerations around the
end of life of nonhuman primates, and applied to their use in other contexts,
such as in zoos and sanctuaries.

Keywords
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1 Introduction

The decisions about when and how to end an animal’s life are perhaps the two most
important ones in terms of managing its welfare, whether it is in a laboratory setting,
captive in a zoo or wild and free ranging (Wolfensohn et al. 2018). For nonhuman
primates, particularly those with higher cognitive abilities, this is considered by
many to become more critical, yet human emotion may delay us from intervening
and preventing, or ending, the animal’s suffering (Wolfensohn 2020). Any animal
that is suffering severe pain, which cannot be alleviated, must be humanely killed
immediately and not simply left to die. Decisions about end of life for primates used
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in research can be particularly complex as there is a need to balance the killing of the
animal with the scientist’s desire to acquire more data, so decisions will rest on the
outcome of a harm:benefit ratio for the work. Objective measures of harms and
benefits are therefore required in order to make the decision about precisely when to
euthanize a primate. Euthanasia is defined as the bringing about of a gentle and easy
death (Oxford English Dictionary); so should not, itself, cause pain or suffering.
Killing an animal is never a pleasant task, but it does not have to be unpleasant for
the animal, provided it is carried out competently and humanely. Having to kill a
primate may be a more emotionally challenging experience for staff than having to
kill some other species. The method of euthanasia must also be considered in the
context of the type of experiment being carried out, the possible requirement to
collect tissue post mortem and how to do so with the minimum suffering for the
animal. However, the humane endpoint is not necessarily only the point at which the
animal is humanely killed; it could be an intervention to alleviate the stress or pain of
an experimental procedure, such as by stopping the procedural intervention earlier or
providing better analgesics for longer. Humane endpoints are not necessarily based
on clinical signs; they can be defined from preclinical signs or from physiological or
molecular biomarkers that are associated with pain or distress that occurs later in the
disease process. Humane endpoints must also be balanced against the scientific
endpoints to be met since pain and distress might be intrinsic to an experimental
model (such as evaluating the efficacy of analgesics), but they should never be
beyond the scientific endpoint or beyond the level of moral justification.

2 An Overview of the Use of Nonhuman Primates in Science

In 2017, the total number of animals used for scientific purposes in the European
Union were 9,388,162 of which 8235 (0.09%) were nonhuman primates. A sum-
mary of laboratory animal usage within the 27 states of the European Union can be
found at https://eur-lex.europa.eu/legal-content/EN/TXT/?qid¼1581689520921&
uri¼CELEX:52020SC0010 and the change in use of nonhuman primates between
2008 and 2017 is summarized in Table 1. Examination of the data relating to the uses
of nonhuman primates shows that in 2017, 65% were to satisfy legislative
requirements for medicinal products for human use (of these 64% are on studies

Table 1 A summary of the use of nonhuman primates comparing 2008, 2011, and 2017 within the
European Union. Ten of the 27 states recorded use of nonhuman primates. No apes were used (from
h t t p s : / / e u r - l e x . e u r o p a . e u / l e g a l - c o n t e n t / EN / TXT / ? q i d¼1 5 8 1 6 8 9 5 2 0 9 2 1&
uri¼CELEX:52020SC0010)

2008 2011 2017
% change
2008–2017

Prosimians 1261 83 98 �92

New World monkeys (Ceboidea) 904 700 476 �47

Old World monkeys (Cercopithecoidea) 7404 5312 7661 +3

Total number of primates 8308 6095 8235 �0.9
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for repeated dose toxicity and 19% for kinetics). In the areas of basic and applied
research, nonhuman primates are mainly used for studying human infectious
disorders (7% of all nonhuman primate uses), nervous system (3%), and
nonregulatory toxicology and ecotoxicology (3%). Routine production, of mostly
blood based products, represents 10% of nonhuman primate use. Some nonhuman
primates were reported to have been used for the purpose of education and training,
but since this is prohibited under the Directive, this may have taken place within the
transitional provisions under Article 64 of the Directive allowed until 31.12.2017. In
2017, 54% of uses of nonhuman primates were reported as being of mild severity
and 1.6% of uses were assessed as severe. For comparison, in the United States
74,498 nonhuman primates were used in 2017 out of a total of 777,960 animals (9%)
https://www.aphis.usda.gov/aphis/ourfocus/animalwelfare/sa_obtain_research_facil
ity_annual_report/ct_research_facility_annual_summary_reports. The regulations,
norms, practices, and standards in animal research are not currently harmonized
(Chatfield and Morton 2018), so comparable data from other countries are not
available.

The source of the primates varies depending on the species. In 2017, the three
main sources of nonhuman primates were Africa, Asia, and EU-registered breeders
representing more than 97% of nonhuman primates used for scientific purposes. Of
the 574 New World monkeys (Ceboidea) used in 2017 in the European Union,
483 (84%) came from within the European Union, and 91 originated from outside
the European Union. About 31% of procedures with New World monkeys involved
reuse. However, of the 7661 Old World monkeys (Cercopithecoidea) used in the
European Union in 2017, only 574 (7%) came from within the European Union and
7087 (92%) originated from elsewhere. About 0.28% of procedures with Old World
monkeys involved reuse. In 2017, cynomolgus monkeys represented 88% of the
nonhuman primates used for the first time. These were sourced almost entirely from
outside of the EU, but the majority of these were sourced either from self-sustaining
colonies (30%) or as second or higher generation purpose-bred (53%). No nonhu-
man primates were sourced from the wild in 2017.

However, the critical question is not just how many animals are being used and
why, but what is the beneficial outcome of that use and how much do the primates
suffer in order to generate that knowledge. Is the use of these primates justified? And
moving forward, how can we reduce any suffering caused and generate better, more
useful data in order to improve the justification, or, even better, find replacements
with less sentient animals lower down the phylogenetic scale or by using human
clinical trials or computer modeling?

3 European Regulations and the Ethical Perspective

The use of animals in scientific procedures in the European Union is controlled by
the Directive 2010/63/EU of the European Parliament and of the Council of
22 September 2010 on the Protection of Animals used for Scientific Purposes.
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Each member state transposed the Directive into its own legislation (see review of
legislation, see Bayne et al. 2022).

In 2007, the European Parliament adopted a written declaration urging the
European Union to end the use of nonhuman primates in scientific experiments
signed by 433 MEPs (out of 626). The European Commission’s response was that,
currently, the use of a limited number of nonhuman primates remained unavoidable
for vital research into immune-mediated diseases such as multiple sclerosis, neuro-
degenerative disorders such as Parkinson’s disease and Alzheimer’s disease, and
infectious diseases such as Human Immunodeficiency Virus, malaria, and tubercu-
losis (see t’Hart et al. 2022, for argument in favor of using primates to study
autoimmune disorders). Furthermore, the European Commission stated that setting
a deadline to phase out use of nonhuman primates was not possible because
technological and scientific developments had not yet reached the stage that would
make such a program realistic (see Bailey 2022, for argument in favor of
alternatives). The revision of the Directive in 2010 was an opportunity to incorporate
strong incentives, combined with a specific review clause, to provide an appropriate
and effective mechanism to move toward the goal of phasing out the use of
nonhuman primates in experiments. The 2010/63 Directive was reviewed in 2017
and no amendments to the Directive were proposed at this stage.

In the current Directive, there are several sections that are specifically relevant to
experiments in nonhuman primates. Article 4, which covers the principle of replace-
ment, reduction, and refinement, requires that member states shall ensure refinement
of breeding, accommodation, and care; and refinement of methods used in
procedures in order to eliminate, or reduce to the minimum, any possible pain,
suffering, distress or lasting harm to the animals. Article 13, on the choice of
methods, requires that death as the endpoint of a procedure shall be avoided as far
as possible and replaced by early and humane endpoints. Where death as the
endpoint is unavoidable, the procedure shall be designed so as to: (a) result in the
deaths of as few animals as possible; and (b) reduce the duration and intensity of
suffering to the animal to the minimum possible and, as far as possible, ensure a
painless death. In Annex VIII to the Directive, it requires that the type of species and
genotype, the maturity, age, and gender of the animal, the training experience of the
animal with respect to the procedure, the actual severity of the previous procedures
(if the animal is to be reused), the methods used to reduce or eliminate pain, suffering
and distress, including refinement of housing, husbandry and care conditions, and
application of humane endpoints will all be taken into account to determine the final
severity classification of the procedure. Article 55 is a safeguard clause which allows
a member state to adopt a provisional measure in order to use a procedure involving
severe pain, suffering, or distress that is likely to be long-lasting and cannot be
ameliorated on a nonhuman primate for exceptional and scientifically justifiable
reasons. In Annex VIII, there are some examples of procedures assigned to the
severe severity category including toxicity testing where death is the endpoint, or
fatalities are to be expected and severe pathophysiological states are induced;
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vaccine potency testing characterized by persistent impairment of the animal’s
condition, progressive disease leading to death, associated with long-lasting moder-
ate pain, distress or suffering; organ transplantation where organ rejection is likely to
lead to severe distress or impairment of the general condition of the animals (e.g.,
xenotransplantation); and complete isolation for prolonged periods of social species
which includes nonhuman primates.

The regulations and legislation therefore clearly define the use of humane
endpoints and the requirement to maximize welfare as much as possible and to
reduce suffering. The use of animals in science requires a balance between the desire
for scientific progress, the impact on animal welfare and the public acceptability of
such work, much of which is funded by the public purse. It is also important to
recognize that any data collected must be of adequate quality to be usable since,
without that, the animal would have been used without leading to any scientific
output and any suffering caused would have been pointless and unethical. The moral
case for controlled experiments using animals can be defended if the harms that these
experiments cause to the animals are outweighed by the benefits that these
experiments bring to society, humans, and/or other animals (Davies et al. 2017).
However, the individual animal’s experience of pain and suffering is the same
regardless of the context or “reason” for its life whether, for example, it is a pet
animal, a farm animal, a wild animal, or an animal being used for research
(Wolfensohn and Honess 2007). A laboratory animal will not have the benefit of
knowing that its harm is “for a good cause” nor can it give informed consent, so the
value of knowledge resulting from experiments cannot be the only determinant of
whether they can be justified. Potential benefits of scientific experiments are easy to
overestimate whereas potential harms may be easier to predict but can be difficult to
measure. Limiting harms effectively are directly dependent on local standards of
animal care put in place by management and the competence of staff to adhere to
those standards. A judgment of the quality of life of animals used in experiments
against the benefits to other animals, including humans, is the basis of the harm–

benefit analysis and this must be carried out prospectively, and regularly reassessed
through the duration of the study to ensure the continued justification for the use of
the primate (Home Office 2015; Brønstad et al. 2016; Animal Science Committee
2017).

Well-designed experiments should detect early signs of any deterioration in the
animal’s welfare, allowing the definition of a point at which adequate data have been
obtained, but ensuring that animal suffering is minimized (Morton 2000). The
precise time at which to kill the animal must be based on appropriate and accurate
clinical judgment, assessing the degree of suffering against the loss of potential data.
This balance will have been assessed as part of the harm:benefit analysis required to
justify the experiment in the first place. To go beyond what is required for a scientific
outcome may cause unnecessary suffering and is therefore inhumane, unjustified,
and unethical (Gilbert and Wolfensohn 2011). Ideally the maximum achievable
information should be obtained from each animal while suffering and distress are
kept to the minimum. Setting humane endpoints will refine the procedure and reduce
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the harms to the animals, improving the justification and the harm-benefit equation
for the experiment.

For both ethical and experimental reasons, it is therefore important to keep
adverse effects to a minimum. In order to demonstrate this, objective methods of
assessing pain and distress in animals are necessary and these are also valuable as
they allow potential refinements and new research techniques to be evaluated
critically; they allow sound judgments to be made about the need for, and efficacy
of, analgesics; and they enable the implementation of humane endpoints. This
ensures a defined set of criteria at which the animal is taken off study, usually by
euthanasia, when its welfare has become compromised beyond a certain point. This
ensures that unnecessary suffering does not occur. It is unusual for laboratory
animals to die in a laboratory as an expected consequence of a procedure without
the intervention of euthanasia, and if they do so this is considered, under the UK
legislation, to bring the protocol within the highest level of severity classification.
Examples of biomedical research areas which can have a relatively high level of pain
and distress, depending on the experimental design and implementation of
refinements, are invasive models of neuroscience and vaccine challenge studies. It
is therefore particularly important for these types of work to define clear humane
endpoints with specific details of euthanasia implementation in order to remain
within the legislative controls and to maintain welfare as much as possible.

4 What Is a Humane Endpoint?

There are three possible endpoints to every experiment: experimental, error, or
humane. The experimental endpoint is when the experiment has run its course,
and adequate experimental data have been collected. However, even when designed
into a study, endpoints should not be slavishly followed if unpredicted events occur
during the experiment. Judgment and experience must be used to halt studies before
the anticipated endpoint if the objectives of the study have already been met, or if the
study will clearly not meet its objectives. The error endpoint occurs when mistakes
happen (such as the administration of the incorrect dose of a drug), which they do
from time to time. Although there may not necessarily be a welfare impact, the errors
may invalidate the experiment and therefore the experiment has to be ended early,
there is no point in continuing the experiment since the data generated will be
erroneous. The definitions of a humane endpoint are shown in Table 2 below with
the references from which they are taken:

All of these definitions have in common the idea of defining a set intervention
point at which to kill the animal. This allows the collection of quality scientific data
but limits the amount of suffering, either contingent or direct (Russell and Burch
1959), to which the animal may be subjected. By definition, procedures carried out
under the UK’s Animals (Scientific Procedures) Act will have the potential to cause
pain, suffering, distress or lasting harm, so it is necessary to address how these
adverse effects might be controlled or, even better, prevented. However, the humane
endpoint is not necessarily the point at which the animal is humanely killed; it could
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be an intervention to alleviate the stress or pain of an experimental procedure, such
as by moving the animal from the experimental cage to a well enriched environment,
or by providing better analgesics for longer. Another type of endpoint is a simple
temporal one; for example, the animal will be killed x hours/days/weeks after a
technique is carried out at which point the adverse effects are not expected to cause a
welfare problem but the time limit is set nonetheless, thus reducing the potential for
contingent suffering. Alternatively there may be a defined measurable point relating
to a physiological parameter, for example, when the blood glucose level reaches
x mmol/l, which indicates that the animal is in the required physiological state to
gather the data, but not yet experiencing deterioration in clinical condition
(Wolfensohn and Lloyd 2013). Or, in some cases, the defined intervention point
uses the alterations to the animal’s usual state such as behavioral changes, changes in
body temperature, body condition or weight loss. It may be based on a collection of
scores cumulatively measured, but sometimes with additional scorings for more
challenging clinical conditions, to ensure that potential suffering is limited to the
minimum consistent with obtaining satisfactory data.

By defining humane endpoints potential suffering can be reduced or avoided. The
application of a defined humane endpoint will thus utilize a lower severity level than
would be needed if the procedure was allowed to run its course. Retrospective
assessment of welfare to determine the level of severity should be carried out at
regular intervals throughout the life of a project. This can be used to demonstrate
how the ongoing implementation of the 3Rs is leading to a lower level severity
classification and improved quality of life for the animals (Lloyd et al. 2008). Indeed

Table 2 Definition of a humane endpoint

References

The earliest indicator in an animal experiment of
(potential) pain and/or distress that, within the context
of moral justification and scientific endpoints to be met,
can be used to avoid or limit pain and/or distress by
taking actions such as humane killing or terminating or
alleviating the pain and distress

Hendriksen et al. (2011)

Clear, predictable, and irreversible criteria that allow
early termination of a procedure before an animal
experiences harm that is not authorized or scientifically
justified

Home Office (2014)

The earliest indicator in an animal of pain, distress,
suffering, or impending death on the basis of which an
animal is killed

Organisation for Economic
Cooperation and Development (2000)

The point at which an experimental animal’s pain and/or
distress is terminated, minimized or reduced, by taking
actions such as killing the animal humanely, terminating
a painful procedure, or giving treatment to relieve pain
and/or distress

Canadian Council on Animal Care
(1998)

The limits placed on the amount of pain and distress any
laboratory animal will be allowed to experience within
the context of the scientific endpoints to be met

Wallace (2000)
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regular assessment of welfare should be carried out throughout the lifetime of any
primate to ensure maintenance of quality of life.

Scientists are often concerned that killing an animal too early when on procedure
might miss the opportunity to observe that a sick animal will indeed respond to and
improve with a new treatment. It is crucial in such cases to identify signs that point to
irreversible decline in the level of welfare. These signs will vary depending on the
species, its mental health, the environment in which it is kept, and the procedures
being carried out. The use of the Animal Welfare Assessment Grid (Wolfensohn
et al. 2015) will assist with identifying the decline in welfare. Some protocols will
specify conditions under which pre-emptive euthanasia will be performed and may
state that animals will be euthanized when they become “moribund.” However, this
term is poorly defined and arbitrary, and different people may have varying
interpretations of its implications. An animal in a moribund state may be beyond
suffering, i.e., they may be comatose, but there is an ongoing dispute over con-
sciousness and awareness in human medicine (Boly et al. 2013). In people, as in
nonhuman primates, lack of behavioral response to painful stimuli does not prove a
lack of consciousness. A state of unresponsiveness can mimic neuromuscular
blockade, in which awareness remains but motor responses cannot be generated
(Sebel et al. 2004). Clinicians refer to this condition as “locked-in” syndrome (Smith
and Delargy 2005). In addition to causing an unacceptable reduction in welfare, data
collected under such conditions could prove variable or impossible to interpret, as
the moribund state and imminent death might modify important physiological
variables. Before the animal gets to the point of being moribund, judgments based
on accurate observations of the animal could have set an earlier endpoint to reduce
distress.

5 Setting the Humane Endpoint: Objective Assessments
of Welfare

The application of the humane endpoint is not simply about recognizing pain. The
harms that the animal experiences, relate to all five domains of animal welfare, i.e.,
nutrition, environment, health, behavior, and mental state (Mellor 2012). A key
element of ensuring good welfare will be to provide an environment that allows the
animals to express their natural repertoire of behaviors as far as possible (Honess and
Wolfensohn 2010b). Welfare assessment should therefore include consideration of
the environment and the behavior of the animals, not simply their physical condition.
To assess the animal’s welfare, it is necessary to have in place objective measures of
suffering or of well-being, such as those described in Main et al. (2003) and Honess
et al. (2005). An objective, quantifiable assessment is necessary to be able to judge
whether welfare has been improved, and to ascertain whether the degree of pain and
distress is within the severity classification of the protocols. The data collected on
welfare must be robust so as to enable consistency over time and across groups and
to remove any interobserver variability in making the assessment. This will ensure
that decisions on euthanasia are consistently applied. The data may involve the use
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of scoring sheets and checklists, and should account for species differences, age or
developmental differences, differences in sex and reproductive status, and
differences in social status.

Welfare measurement can incorporate behavioral and endocrine data, together
with analysis of production records. Schemes for objective assessment of adverse
events have been published (see, e.g., Morton and Griffiths 1985; Carstens and
Moberg 2000). Pain-scoring system for various species using facial expressions has
been described (Langford et al. 2010; Sotocina et al. 2011; Gleerup et al. 2015).
These and similar schemes facilitate monitoring of welfare, allowing an evaluation
of responses to treatment, and logical decision making, on interventions including
euthanasia. Most schemes, however, only record the detailed welfare state of the
animal within a relatively short time frame (Wolfensohn et al. 2018); at one
particular moment, or over the duration of a particular treatment, which is generally
very short in proportion to its lifetime. These schemes rarely reflect cumulative
suffering and the lifetime experience of the animal. When setting humane endpoints,
the cumulative experience must be evaluated, in addition to the welfare at individual
moments in time. This is particularly important since the European Directive 2010/
63 refers to “. . .taking into account the life-time experience of the individual
animal...” (para.25), “. . .to enhance the life-time experience of the animals. . .”
(para.31), and to “...reduce the duration and intensity of suffering to the minimum
possible. . .” (article 13.3b). Experiments are assigned a severity category, which
takes into account the nature and intensity of pain, suffering, distress, and lasting
harm; and the duration, frequency, and multiplicity of techniques and cumulative
suffering within a procedure (Annex VIII). Combining a range of assessment
parameters into one usable tool has been identified as an important goal in providing
practical, objective, and robust assessments of lifetime experience and welfare in
order to be able to use this to determine when it is appropriate to end an animal’s life.

The use of the Animal Welfare Assessment Grid (Wolfensohn and Honess 2007;
Honess and Wolfensohn 2010a; Wolfensohn et al. 2015) offers a schematic of
parameters reflecting the five domains of animal welfare (Mellor 2012), including
nutrition, environment, health, behavior, and mental state, by assessing factors to
measure the physical condition of the animal, its psychological condition, the effect
of procedures being carried out, and the quality of the environment. It records
changes in the state of an animal over time allowing for predictive, retrospective,
or scheduled event monitoring and illustrates the duration of the components of
suffering. The lifetime experience graph can be investigated at any time point to
produce a grid showing the effect of the specific components of the domains of
welfare, allowing the effect of specific refinements to be clearly evaluated (see
Figs. 1 and 2). The grid includes contingent as well as direct suffering to reflect
cumulative harms and allows an evaluation of the animal’s quality of life. It can
demonstrate the welfare implications of research and the effect of refinements, both
at the planning stage and when reviewing finished work to ensure that the harm:
benefit assessment remains in order to justify the work. This assessment method is a
valuable tool for those tasked with ensuring ethical oversight as well as for those
planning the use of, or monitoring of, animals in research. It is particularly applicable
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to animals used in long-term studies. It has also been used to assess the welfare of
primates held in zoological collection (Justice et al. 2017). The use of a welfare
assessment grid can be helpful in balancing some of the difficult decisions about the
future of an animal, whether in research or another context.

6 The Outcome of Welfare Assessment

The interpretation of what is meant by mild, moderate, or severe under the European
Directive 2010/63 classification of procedures can be very variable and subject to
interpretation. Objective assessments of welfare are needed but some researchers
continue to use subjective assessments or indeed no method of assessment at all in
some jurisdictions (Chatfield and Morton 2018). Pain and distress caused by scien-
tific procedures are predictable and should be avoided or relieved, but even if there is
unexpected distress, objectively measuring pain and distress in animals are not
impossible (e.g., behaviorally; see Lutz and Baker 2022). The challenge for animal
caretakers and researchers is to accurately interpret the state of the animal from the
information available. If any doubt exists about how to interpret its behavior and
clinical signs, then the maintenance of good welfare of the animal must come first,
and the responsibility for this lies with the researcher. It is important to remember
that the assessment of welfare alone is not sufficient. If welfare assessment is simply
an academic exercise, it does nothing for the animal. Proper welfare assessment
allows feedback on changes affecting the animal’s welfare and then decisions must
be made about what action should be taken. The outcome could be to do nothing, but

Fig. 1 Cumulative Welfare Assessment Score graph
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if so, there must be clearly articulated reasons based on the harm:benefit justification
about why nothing is done. While we wish to evaluate the animal’s quality of life,
the animal’s perception of its welfare is not affected by the reason it is maintained
(whether it is for experimental or breeding use, for example) or the cause of its
suffering. Welfare assessment can be used to demonstrate the implications of
research and the effects of the implementation of refinements to other users, funders,
and ethical review bodies; but the outcome of monitoring and assessment must be
improvements in welfare; welfare assessment is simply the tool to demonstrate the
action is effective. The entire research team must accept responsibility in delivering
animal welfare; monitoring is simply the tool that demonstrates whether this delivery
is being achieved.

7 Considerations Around End of Life of Primates

Decisions on euthanasia must be reached swiftly and appropriate actions taken
promptly if suffering is to be prevented. Animals used in experiments may need to
be killed for a variety of reasons. The UK Animals (Scientific Procedures) Act
requires that at the end of a series of regulated procedures, the animals used must be
killed, except in certain specified circumstances. Waiting until the animal dies
should not be the endpoint of the experiment and is unacceptable.

Fig. 2 Clicking on the CWAS at one point brings up the Grid for that moment in time and the detail
of the factors contributing to that welfare assessment
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In addition to using euthanasia to apply an experimental humane endpoint,
animals may also be killed if their health gives cause for concern and they fail to
respond to treatment, if they have reached the end of their breeding life, if they are
unwanted stock, or if tissues and blood are required. Euthanasia, if carried out
competently, may be less traumatic and easier on the animal than those parts of a
procedure that may have caused pain, suffering or distress. For additional informa-
tion, there are published guidelines which refer to the animal welfare concerns when
carrying out euthanasia. See Close et al. (1996, 1997), British Veterinary Associa-
tion (2016), American Veterinary Medical Association (2001), and chapter “Eutha-
nasia and other fates for laboratory animals” in the Universities Federation for
Animal Welfare handbook (Wolfensohn 2010a). Staff who euthanize nonhuman
primates must be competent in the chosen method (for example giving an intrave-
nous injection), and it is essential that they receive good training, adequate supervi-
sion, and any necessary compassionate support. Performing euthanasia can be the
most difficult part of the procedure for the researcher, particularly if they have
worked daily with an animal and developed a close working rapport with
it. Indeed, coping with the death of research animals can take a toll on the emotions
of those involved (Pekow 1994; Halpern-Lewis 1996). For further discussion on the
ethics of killing animals which have an inherent value either to themselves or to
others, see Nuffield Council on Bioethics (2005).

The definition of death is “an animal shall be regarded as continuing to live until
the permanent cessation of the circulation or the destruction of the brain” (Animals
Scientific Procedures Act 1986 Section 1(4)). Therefore, any method of euthanasia
must ensure that one or both criteria are met. The person carrying out the killing must
be competent to do so without causing distress to the animals involved. Therefore,
training and competence must be ensured by local management and a register of
those deemed competent should be kept and regularly updated.

There are a number of different methods of euthanasia available and Table 3 lists
the points that should be considered when choosing a particular method
(Wolfensohn 2010a), which should be selected after discussion with veterinary
staff and with due regard for the collection of scientific data of adequate quality.

Table 3 Points that should be considered when choosing a particular method of euthanasia (from
Wolfensohn 2010a)

Death must occur without producing pain

The time required to produce loss of consciousness must be as short as possible

The time required to produce death must be as short as possible

The method must be reliable and nonreversible

There must be minimal psychological stress on the animal

There must be minimal psychological stress to the operators and any observers

It must be safe for personnel carrying out the procedure

It must be compatible with the requirements of the experiment

It must be compatible with any requirement to carry out histology on the tissues

Any drugs used should be readily available and have minimum abuse potential

The method should be economically acceptable

The method should be simple to carry out with little room for error

386 S. Wolfensohn



The most common methods for killing primates include an overdose of an
anesthetic, such as sodium pentobarbital, which is administered intravenously. For
larger primates, such as M. mulatta, it may be necessary to sedate the individual
before attempting any intravenous injection. In the UK, all these drugs are
prescription-only medicines and therefore must only be used under veterinary
direction. Methods of sedation will vary depending on the size of the primate, the
housing environment, the primate’s underlying state of health, and whether the
animal has been trained to take medication or receive injections (Wolfensohn
2010b). Many experimental procedures require gaining access to the individual
animal and since primates are intelligent they can readily be trained to cooperate
(see Bloomsmith et al. 2022), even when they are living in social groups (Honess
et al. 2005). Training is encouraged by the use of positive reinforcement, usually as a
favorite food or drink, and rhesus monkeys also respond to being trained to cooper-
ate using voice commands (Reinhardt et al. 1995; Sauceda and Schmidt 2000;
Reinhardt 2003). They can be trained to present their hindquarters for injection
and this avoids the need to catch them or to use a “restraint” cage in which the back is
pulled gently forward or the front pushed gently backwards. Most animals find the
use of restraint cages very stressful and it is much better to spend time training the
monkey to present its hindquarters for injection of the sedative, which can then be
carried out without stress to animal or handler (Wolfensohn and Finnemore 2006).
Other methods used to catch laboratory primates include net-catching (Luttrell et al.
1994), but this is a significant stress factor and most animals will not respond well to
this method of capture. A useful discussion of the welfare implications of the various
techniques is contained in Rennie and Buchanan-Smith (2006). Whatever the
method of capture, macaques should be safely restrained and their body weight
supported when they are carried.

When primates are euthanized, every effort should be made to make full use of
their tissues and blood, particularly if this will minimize the number of other animals
used in experiments (Jennings and Prescott 2009). This requires good mechanisms
for communication to match supply and demand both within and between scientific
institutes. Establishing tissue banks and data exchange networks is one means of
coordinating, optimizing, reducing, and refining primate use. In the USA, Primate
Info Net (http://pin.primate.wisc.edu/) achieves this objective and in Europe,
EUPRIM-NET http://www.euprim-net.eu/ offers a tissue and gene bank.

8 Incorporation of Humane Endpoints in Management

The researcher is the person who is the most aware of the scientific objectives of the
study, but endpoints should be decided in consultation with the veterinary surgeon,
animal care staff, and the animal welfare and ethical review committee. The
researcher should have in-depth knowledge of previous studies that have been
conducted using the primate model, either from their own efforts or from knowing
the relevant literature. The expertise of the entire team will assist in deciding how to
monitor the animals and to ensure that the appropriate people are present to
humanely end the animals’ lives or otherwise stop the experiment when the end

Humane Endpoints and End of Life in Primates Used in Laboratories 387

http://pin.primate.wisc.edu/
http://www.euprim-net.eu/


point will be reached. A clear chain of command and management structure needs to
be established and communicated to all relevant personnel so that the person who
will decide on the termination of the primate’s life is available and informed.
Animals need to be monitored with sufficient frequency, as guided by thorough
knowledge of the normal behavior and physiology of the species, and the use of
appropriate monitoring and assessment tools as described earlier.

There should be proactive planning of the study when considering the research
design and use of humane endpoints, It may be necessary to use a pilot study to
generate and validate an improved endpoint (for example, detection of a biomarker)
which is better for the animal’s welfare by being implemented earlier before the
welfare deteriorates. Comparing data with prior studies using a previously accepted
endpoint should be encouraged and then included in methodological publication.
The use of humane endpoints should be monitored and recorded throughout the
experiment, and reviewed and changed as required, and this information should
always be included when publishing the results of the study.

Developments in noninvasive technologies, such as imaging, and 24-h remote
monitoring of behavior, and movement detection by automated recording are
becoming more sophisticated. Use of these technologies and physiological monitor-
ing via biotelemetry may enable pain and distress to be avoided by identifying
nonclinical humane endpoint criteria that occur prior to observable suffering or
clinical manifestations of a condition.
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Primate Personality and Welfare

Lauren M. Robinson and Alexander Weiss

Abstract

Like most species, primates display stable individual differences in their behav-
ior, perceptions, cognition, and emotions. In this chapter, we examine the rela-
tionship between these traits and different measures of welfare. To this end, we
first review the work on the measurement, validation, and structure of personality
in nonhuman primates. We then review research on the association between
personality traits and physiological, behavioral, and psychological measures of
primate welfare. Finally, we introduce possible applications of personality
measures and discuss new directions that this field could take. We conclude
that, while no one approach will meet the welfare needs of all individuals of a
particular primate species, to move primate welfare and care forward it is vital to
increase our understanding of personality and welfare.
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1 Primate Personality and Welfare

Individuals within any species of nonhuman primate vary in traits related to temper-
ament or personality. Some of these traits appear to be related to better or poorer
welfare, and so understanding how and which personality traits impact welfare can
aid us in meeting, and possibly exceeding, the standard of care for captive primates.
Because the study of personality and welfare is at a fairly early stage, the goal of this
chapter is to introduce the findings of this work and their implications. Thus, we first
describe what is meant by personality and how it can be measured. We then review
the literature on associations between personality and welfare. Finally, we discuss
ways in which measures of personality can be used to improve welfare, highlight
limitations of this literature, and note some promising future directions.

2 Personality

In the human and the animal literature, personality traits are defined as stable
individual differences in ways of behaving, feeling, and thinking (McCrae and
Costa 1997; Pervin and John 1999; Gosling 2001). Personality traits, then, are
characteristics of the individual and not the situation or transient mood states.

Even if one applies this definition of what a personality trait is, as we are sure the
reader can imagine, the English language alone contains a large number of words
that refer to the personalities of humans and/or animals. This fact was established in
a seminal 1936 study by Gordon Allport and Henry S. Odbert, who combed through
Webster’s New International Dictionary and found 17,953 words that could be used
to describe peoples’ personalities. If each of these words described a unique aspect of
an individual’s personalities, it would be difficult to conduct personality research
unless researchers limited themselves to a manageable number, and then one would
be missing out on all of the other terms. Fortunately, and we expect that this will
come as no surprise to the reader, there is overlap between many of these terms that
can be used to describe people. For instance, individuals who are described as
“fragile” are very likely also described as “sad” and less likely to be described as
“resilient”.

In addition to testing whether personality traits were characteristics of the indi-
vidual being measured (Kenrick and Funder 1988 for a review), early studies of
human personality examined the overlap between personality traits to determine just
how many domains were needed to adequately describe a person (Goldberg 1993;
John et al. 2008 for a review). Although there is still some disagreement (e.g.,
Ashton and Lee 2007), a general consensus was reached that five domains—
Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness—
were sufficient (Digman 1990; McCrae and Costa 2008). With these questions
(mostly) behind it, human personality research has flourished and turned to other
questions, including whether personality is associated with life outcomes, including
physical and mental health and well-being (see, e.g., Strickhouser et al. 2017).
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Research into nonhuman primate personality no doubt benefited from this exten-
sive human literature. Researchers up until the last years of the previous century, for
instance, tested whether measures of personality traits in primates were reliable,
stable, related to behavior, heritable, and/or examined the structure of these measures
(Crawford 1938; Hebb 1946, 1949; Chamove et al. 1972; Buirski et al. 1973, 1978;
Stevenson-Hinde and Zunz 1978; Stevenson-Hinde et al. 1980a, b; Buirski and
Plutchik 1991; Gold and Maple 1994; King and Figueredo 1997; Capitanio 1999;
Weiss et al. 2000). Building on these successes, researchers studying primate
personality have begun to move forward to other questions, including whether
animal personality traits are associated with individual differences in health and
well-being.

3 Measuring Personality

This volume includes chapters devoted to different ways to measure welfare in
primates (see, for example, Lutz and Baker 2022; Capitanio et al. 2022; Gartner
2022). Although many of the lessons apply to personality, we thought it would be a
good idea to summarize how one goes about measuring personality in primates. The
answer to this question turns out to differ depending on who you ask. This is because
different disciplines, and even researchers within disciplines, often use different
methods. These methods typically fall under one of two broad categories: behavioral
coding and ratings (Freeman and Gosling 2010).

Behavioral coding involves recording (coding) what an individual primate does.
Of course, it is not possible to record everything that a primate does, so researchers
who use this method have to decide in advance which behaviors to focus on and then
devise a set of operational definitions, known as an ethogram. Depending on the
questions being asked, behaviors may be recorded for their duration, frequency,
intensity, and/or latency (Martin and Bateson 2007).

The methods used to assess personality via behavioral coding differ with regard
to the context in which behaviors are observed. One method involves coding
behaviors that are freely expressed (Freeman and Gosling 2010). For example, van
Hooff (1970) observed 25 semi-free ranging chimpanzees for 53 naturally occurring
behaviors, such as touching, pouting, and grooming. The other behavioral cod-
ing method involves recording behaviors that are expressed in response to one or
more behavioral tests (Fairbanks and Jorgensen 2011). A behavioral test can
involve, for instance, introducing the animal to a stimulus such as an unfamiliar
object (e.g., human toys, kitchen instruments, anything that is not commonly found
in their environment) or person (Capitanio et al. 2017). Another kind of behavioral
test involves placing that animal in a novel environment (Perals et al. 2017). For
example, Johnson et al. (2015) recorded the behaviors of olive (Papio anubis) and
yellow baboons (P. cynocephalus) who were put into individual cages and presented
with a mirror and two novel objects (a plastic truck and a plastic bear). The ethogram
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included 73 behaviors relating to frequency and duration of aggression, abnormal
behavior, and interactions with each object.

In its most common form, measuring personality by ratings, also known as
“observer ratings” or “trait ratings”, involves asking people who are familiar with
the individual animals to complete a questionnaire (Wemelsfelder et al. 2000;
Gosling and Vazire 2002; Freeman and Gosling 2010; Carter et al. 2012a; Freeman
et al. 2013). Researchers, in this instance, can use an existing questionnaire or design
their own. Using an existing questionnaire may be a good option if a questionnaire
exists for the species under study or for a similar species. For example, the Emotions
Profile Index (Plutchik 1962, 1980), Madingley Questionnaire (Stevenson-Hinde
and Zunz 1978), and the Chimpanzee Personality Questionnaire (King and
Figueredo 1997) have all been used to assess personality in nonhuman primates. If
there is no existing survey for the given species or a researcher is interested in
studying traits that they do not think are captured by existing questionnaires, then
they can modify an existing questionnaire or develop a new one.

3.1 Reliability

Regardless of whether one uses behavioral coding or trait ratings, it is important to
establish the reliability of one’s measures. Which method of estimating reliability
one uses depends on how one measures personality, the research question and
design, and practical considerations. When personality is assessed via behavioral
codings, and especially when behavioral tests are used, reliability is often assessed
by collecting the measure on two or more occasions and then computing the
repeatability of the measure (Boake 1989; Nakagawa and Schielzeth 2010). When
personality is assessed via ratings, reliability is often assessed by obtaining measures
from multiple raters and then computing the interrater reliability (Shrout and Fleiss
1979). Both types of reliability estimates are a form of intraclass correlation and so
indicate the proportion of the variation in the measure that is attributable to
differences between the animals. As such, it is possible (and even desirable) to
estimate reliability by using a research design in which, for example, multiple coders
are recording the behavior of the animal in response to multiple applications of a
behavioral test or where multiple raters rate each animal on multiple occasions. In
either of these situations, it is possible to compute intraclass correlations that indicate
the degree to which the measure generalizes over different observers/raters and/or
different occasions (Shavelson et al. 1989; Hernández-Lloreda and Colmenares
2006).

3.2 Validity

In addition to ensuring that one’s personality measures are reliable, it is important to
demonstrate that they are measuring what one thinks they are measuring. To do so,
one first needs to develop hypotheses regarding what measures should and should
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not be correlated with the trait of interest (Campbell and Fiske 1959; Carter et al.
2012b, 2013). For example, if one wanted to validate a measure of fearfulness, one
might expect that it would be correlated with a tendency to avoid risky situations and
not a tendency to avoid grooming conspecifics, because grooming is probably more
indicative of sociability. One would then collect data on their new measure of
fearfulness, other purported measures of fearfulness, and measures of sociability,
and perhaps other traits, too. If the new measure of fearfulness is valid, it should be
highly correlated with other measures of fearfulness, but only negligibly
(or uncorrelated) with the other personality traits (Campbell and Fiske 1959).

3.3 Structure

Oftentimes, researchers who wish to study personality will collect data on multiple
measures: questionnaires used in rating studies typically include multiple items,
multiple behavioral tests may be administered, multiple measures may be taken from
a single behavioral test, or multiple behaviors may be included in an ethogram. Like
the dictionary terms investigated by Allport and Odbert (1936), these measures are
bound to not be independent of one another. As such, it is useful and important to
examine the underlying structure of these measures. To do so, researchers can use
data reduction, which is a family of statistical analyses that includes principal
components analysis and different kinds of factor analyses (Gorsuch 1983). These
analyses are useful in that they inform the researcher which variables can be grouped
together to form more reliable measures, that is, composites or scales.

It is beyond the scope of this chapter to go into detail about how to conduct data
reduction analyses and there are various guides to conducting these analyses (e.g.,
Costello and Osborne 2005; Budaev 2010). However, some words of caution on
these guides are warranted. It has been our observation that some people have been
misled by these guides. That is not to say that these guides are “wrong”. Instead, they
are often, by necessity, oversimplified. Unlike many statistical techniques, in factor
analysis, there are many nuances and calls for judgment at every step, and what
constitutes good judgment is borne from experience. We therefore advise prospec-
tive users of these methods to not exclusively rely on these guides, but to familiarize
themselves with the literature, including specialist texts (e.g., Gorsuch 1983). We
would also advise consulting somebody with experience in data reduction and to
build up one’s own experience, perhaps by using simulated data or data with known
properties.

4 Personality and Welfare

Because this book contains a section dedicated to the different ways that one can
measure welfare, we will move straight into a review of the associations between
personality and welfare. However, before we do so, we thought it would be worth
highlighting the need to consider welfare as a psychological construct. That is, these
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measures are based on definitions of welfare that focus on the experiences of
individual animals and quantify welfare by measuring signs and signals that an
animal uses to show how well it is coping (Broom 1991, 2001). These signs may
include biological function, emotional experience, and the relationships between
them (Hemsworth et al. 2015), as well as other ones discussed elsewhere in this
volume. Different measures are thus manifestations of some underlying welfare state
and can thus be used to “check” one another. In other words, by incorporating
multiple measures in our studies, we can check the convergent and discriminant
validities of any purported measure of welfare (see our discussion of validity in the
context of personality measures).

So why would we expect to find associations between personality and primate
welfare? First, stable traits related to how an individual behaves in, perceives, and
reacts to the world will influence whether and what kind of mischief they can get into
and whether and how they react to and experience bad and good things that happen
to them. Second, there is a large literature showing that personality is related to
outcomes in humans that would be considered welfare outcomes if they were
measured in animals. Personality traits in humans are related to subjective well-
being (see reviews by DeNeve and Cooper 1998; Steel et al. 2008; Anglim et al.
2020), coping (Carver and Connor-Smith 2010), and better mental and physical
health (Strickhouser et al. 2017).

4.1 Ratings

King and Landau (2003) developed a four-item subjective well-being questionnaire.
Each item was an attempt to measure an aspect of well-being that had been identified
in studies of human happiness. The interrater reliability of ratings on these items by
keepers and volunteers was satisfactory and the items loaded on a single subjective
well-being factor, which was stable over time (King and Landau 2003). After
establishing that subjective well-being can be measured in chimpanzees (Pan
troglodytes), King and Landau, as part of the same study, tested whether subjective
well-being was related to personality and behavior. Chimpanzees with higher sub-
jective well-being scores were more likely to engage in submissive behaviors.
Moreover, higher dominance, extraversion, and dependability (later termed “consci-
entiousness”) were independently related to higher subjective well-being. The latter
findings are notable in that they are broadly consistent with findings from studies of
humans (again, see reviews by DeNeve and Cooper 1998; Steel et al. 2008; Anglim
et al. 2020). One exception, however, was that, instead of there being a negative
association between emotionality (later termed “neuroticism”) and subjective well-
being, King and Landau found a positive association between dominance, a person-
ality factor seemingly absent in humans (King and Weiss 2011; Weiss 2018), and
subjective well-being (King and Landau 2003).

The discrepancy between some personality and subjective well-being
relationships in King and Landau’s study and those in studies of humans may
have been attributable to the items that made up the emotionality and dominance
factors. Just three items related to human neuroticism—excitable, stable (reversed),
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and unemotional (reversed)—loaded on emotionality. On the other hand, five items,
including, perhaps crucially, fearful, timid, and cautious, related to human neuroti-
cism, had negative loadings on dominance. Two studies, each involving an indepen-
dent sample of chimpanzees, supported this explanation. In the first study, Weiss
et al. (2009) measured personality using an expanded version of the questionnaire,
which included more items related to neuroticism (Weiss 2017). They found that, of
the six personality factors, higher dominance, extraversion, agreeableness, and open-
ness, and lower neuroticism, were related to higher subjective well-being. In the
second study, Robinson et al. (2017) found associations between higher extraversion
and lower neuroticism, and higher subjective well-being. Personality and subjective
well-being in this study were measured using the same questionnaire as in Weiss
et al. (2009).

Studies of other nonhuman primates have also revealed evidence for associations
between personality and subjective well-being ratings. These studies mostly relied
on the same expanded personality questionnaire used by Weiss et al. (2009) and the
subjective well-being items devised by King and Landau (2003). Overall, the
findings of these studies are broadly consistent with those of the chimpanzee studies
described above. In zoo-housed orangutans (Pongo pygmaeus and P. abelii), higher
subjective well-being was positively correlated with extraversion and agreeableness
and negatively correlated with neuroticism; subjective well-being was not associated
with orangutan dominance or intellect (Weiss et al. 2006). In semi-free-ranging
rhesus macaques (Macaca mulatta) that lived on Cayo Santiago, subjective well-
being was positively correlated with confidence and friendliness, and negatively
correlated with anxiety, but not with the openness, dominance, or activity factors of
this species (Weiss et al. 2011). A later study, one of laboratory-housed infant rhesus
macaques, found that lower anxiety and higher dominance were associated with
higher subjective well-being (Simpson et al. 2019). In a study of zoo-housed brown
capuchin monkeys (Sapajus apella), both bivariate correlations and models in which
the authors adjusted for sex, age, and the presence of motor stereotypies, higher
subjective well-being was associated with higher sociability and assertiveness, but
not neuroticism, openness, or attentiveness (Robinson et al. 2016). Finally, a study
of common marmosets (Callithrix jacchus) housed in a laboratory facility found that
subjective well-being was positively correlated with sociability and negatively
correlated with neuroticism (Inoue-Murayama et al. 2018).

In addition to testing for associations between personality and welfare, as
measured using the subjective well-being scale, some of the studies above have
examined these associations using a scale designed specifically to assess welfare.
Robinson et al. designed a 12-item (2016, 2017) and a 16-item (2021) welfare survey
based on the five contributors to animal quality of life: social relationships, mental
stimulation, physical health, stress, and control of one’s physical and social environ-
ment (McMillan 2005). They tested this questionnaire in chimpanzees, rhesus
macaques, and brown capuchin monkeys. Robinson et al. found that, in all three
species, the welfare ratings were highly intercorrelated and that a single component
loaded on the welfare and subjective well-being items. Brown capuchins rated as
being higher on welfare and subjective well-being were rated as being higher in
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sociability, higher in assertiveness, and lower in neuroticism and attentiveness
(Robinson et al. 2016). Chimpanzees rated as being higher in welfare and subjective
well-being were rated as being higher in extraversion and openness, and lower in
neuroticism (Robinson et al. 2017). Rhesus macaques rated as being higher in
welfare and subjective well-being were rated as being higher in confidence, open-
ness, dominance, and friendliness (Robinson et al. 2021).

4.2 Behavior

One study that examined the relationships between personality traits and behaviors
was conducted by Vandeleest et al. (2011). Although they did not find main effects
for personality, they did find a significant interaction effect between personality and
rearing: rhesus macaques that were reared indoors were at greater risk of stereotypies
if they were rated as being more gentle or more nervous.

A pair of studies found evidence that appeared to contradict Vandeleest et al.’s
findings. These studies used behavioral tests, behavioral observations, and ratings to
measure the degree to which rhesus macaques that were housed indoors were gentle,
active, and likely to make contact with a novel object (Gottlieb et al. 2013). The first
of these studies found that macaques that were less gentle, more active, and more
likely to touch a novel object were more likely to display stereotypies (Gottlieb et al.
2013). The second showed that, among indoor-housed Chinese and Indian rhesus
macaques, individuals that did not touch a novel food item in a behavioral test
(“inhibited”monkeys) were less likely to develop stereotypies (Gottlieb et al. 2015).
To explain the latter findings, the authors suggested that the monkeys that did touch
the novel object were those that used stereotypies as a coping mechanism (cf. Ijichi
et al. 2013 cited in Gottlieb et al. 2015).

A recent study of rhesus macaques that were housed indoors at the Washington
National Research Center supported the notion that stereotypies are coping
mechanisms that are related to certain personality traits. In this study, Peterson
et al. (2017) examined the reactions of rhesus macaques to a human intruder test.
Compared to macaques that did not engage in self-injurious behaviors, those that
engaged in these behaviors displayed less threatening behavior and less anxious
behavior during the test. These monkeys also showed a lower overall number of
behavioral events. Evidence to support the notion that stereotypies are personality-
linked coping methods has also emerged in zoo-housed chimpanzees. For instance,
one study found that animals rated as being higher in neuroticism displayed more
self-directed behaviors, such as rough scratching (Herrelko et al. 2012).

4.3 Health and Physiology

Personality traits, and particularly those related to social interactions, are associated
with physical health outcomes in nonhuman primates. A study of personality ratings
and veterinary records revealed that golden snub-nosed monkeys (Rhinopithecus
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roxellana) rated as less agreeable had more frequent and longer lasting illnesses (Jin
et al. 2013). Another study of veterinary records, which also controlled for sex,
observed behaviors related to welfare, and rank, found that rhesus macaques rated as
more confident and more anxious accumulated fewer injuries throughout their lives
(Robinson et al. 2018).

Two long-term follow-up studies have found associations between personality
and longevity. The first study found that zoo-housed western lowland gorillas
(Gorilla gorilla gorilla) rated as being higher in extraversion were less likely to
have died over an 18.5-year follow-up period (Weiss et al. 2013). The second study,
which was of zoo-housed chimpanzees found that males who were rated as higher in
agreeableness were less likely to die over the follow-up period as well as a possible
association between openness and longevity in females (Altschul et al. 2018).

Given that the diets of captive nonhuman primates are controlled and that these
primates receive regular veterinary checkups, the findings on personality and health
may very well come about because personality traits are related to the functioning of
the immune systems of these animals. Studies of rhesus macaques support this
possibility. A study by Maninger et al. (2003), for example, found that rhesus
macaques rated as more sociable had an increased tetanus-specific antibody
response. A study by Capitanio et al. (1999) found that, among rhesus macaques
experimentally inoculated with the Simian Immunodeficiency Virus, ratings of
sociability were positively associated with immune system response and negatively
associated with viral load. These findings mirrored those of a nonexperimental study
of humans who had contracted the human immunodeficiency virus (O’Cleirigh et al.
2007).

Along with the main effects of personality on health, there is evidence that
personality may buffer individuals against stressors. Boyce et al. (1998) found that
rhesus macaques rated as highly behaviorally inhibited were more prone to being
injured during periods of group confinement. Another study, this one by Gottlieb
et al. (2018), examined whether temperament was related to diarrhea in rhesus
macaques and whether temperament traits moderated the association between expo-
sure to a known stressor (relocation; Davenport et al. 2008) and diarrhea. Monkeys
that were more nervous, gentle, vigilant, and confident were at greater risk of
diarrhea and had diarrhea more often. Risk of having diarrhea was also associated
with being relocated more often and this association was greater for animals that
were less nervous, less gentle, and more confident (Gottlieb et al. 2018).

Associations between personality and cortisol have also been examined in non-
human primate species. Byrne and Suomi (2002) found that personality ratings were
associated with cortisol in tufted capuchin monkeys (Sapajus apella) in much the
same way as behavioral observations. Specifically, they found that cortisol reactivity
was positively associated with the traits aggressive, confident, effective, curious, and
opportunistic, and positively related to the traits apprehensive, fearful, insecure,
submissive, and tense. In chimpanzees, Anestis (2005) found that individuals who
used coalitions more during aggressive interactions received more grooming and had
their play offers accepted more frequently, that is, chimpanzees with a “smart”

Primate Personality and Welfare 403



personality type, had higher urinary cortisol levels. In a later study, Anestis et al.
(2006) found that chimpanzees that used coalitions more often during aggressive
interactions had a greater stress response to sedation than those lower in this
personality style. Finally, a study of common marmosets by Inoue-Murayama
et al. (2018) found that individuals rated as being higher in sociability had higher
levels of cortisol, which was measured in hair.

In addition to these relationships between personality traits and physiological
variables that are collected invasively, recent evidence suggests that there is also a
relationship between personality and hair loss (alopecia). In perhaps the only study
published at this time, Coleman et al. (2017) found that rhesus monkeys whose
temperaments were characterized as being either more inhibited or more anxious on
the basis of behavioral observations and tests were less likely to have alopecia.

5 Applications

In humans and in nonhuman primates, there thus appear to be consistent associations
between individual differences in personality and in outcomes related to physical
and psychological well-being, including welfare. The major findings to come out of
these areas of research are that (a) the gregarious, active, and socially connected fare
better than the shy, inactive, and socially disconnected; and (b) the fearful, emo-
tional, and unstable fare more poorly than the fearless, even-tempered, and stable.
We would like to think that these findings can be put to use in such a way as to
maximize individual primate welfare. Unfortunately, although there have been
recommendations for how personality may be used to improve primate welfare
(e.g., Tetley and O’Hara 2012; Gartner and Weiss 2018), little attention has been
paid to how the personality and welfare relationship can be used in this regard. It
seems to us that one major means of improving welfare stem from these results.

Speaking from experience, upon entering a primate facility, one is often told to
avoid a certain animal because that animal is reactive to, fearful of, or aggressive to
newcomers. This information is often part of the “institutional memory” of a captive
facility. If these data were systematized, say by asking staff to rate individuals or by
behavioral observations, and digitized, facilities would have some idea of which
animals might be more (or less) at risk of poor health, injuries, or low well-being.
Individual animals deemed “at-risk” could be closely monitored, and staff could
intervene early and minimize the adverse impact of any problems that might arise.
More “resilient” animals, on the other hand, that may not need human intervention or
checks as often, are likely to be identified, too, and these animals would benefit by
having less unnecessary contact with caretakers. This system might benefit espe-
cially those primates transferred from one facility to another; staff at the new facility
would have a snapshot of what these animals are like. Moreover, by transferring the
“institutional memory” to an “institutional cloud,” additional ratings or observations
over time could be used to update animals’ personality profiles. Likewise, if detailed
pedigrees are available, it would be possible estimate the levels of different
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personality traits of individuals who have not been reported on yet and even those
individuals who have not been born (Lynch and Walsh 1998).

In addition to assisting with the daily monitoring of individual animals, these data
could generate new findings. For example, because the relationships between per-
sonality and welfare measures are not perfect, along with primates whose welfare is
exactly where one would expect it to be given their personality, there will be
individuals whose welfare is better or worse than expected. Identifying these
individuals and determining whether these deviations are attributable to measure-
ment error or are systematic may yield insights into how differences between
facilities impact welfare. For example, one could identify whether institutions that
use some kind of innovative housing have primates that experience better (or poorer)
welfare, on average, than they would expect in their animals.

6 Future Improvements

The area of primate welfare and well-being research has yielded multiple tantalizing
findings. However, there are ways that the field could be improved.

First, the research to date has focused on a handful of primate species, and many
of the studies have been based in zoos. For obvious reasons, this limits the general-
izability of the findings. The solution to this problem is to expand the research to
other species of primates and primates kept in research facilities, and those in the
field.

Another shortcoming is that most studies of personality and welfare are cross-
sectional. As such, we are limited with respect to understanding the direction of
causation (Cook and Campbell 1979). Although longitudinal studies cannot exclude
the possibility that poor welfare causes personality, and it could not rule out the
possibility that a third variable is causing both, it would be a good first step.

A third shortcoming is that we do not know the extent to which the “file-drawer
problem” (Rosenthal 1979) plagues personality and welfare research. That is to say,
to what extent is the current state of knowledge biased by the tendency of journals to
not report nonsignificant findings and even for authors to not submit such papers to
journals? If, as we suspect, it is considerable in some areas, then the strength of some
of the relationships may be overstated at best and null at worst. Addressing this will
mean preregistering studies and changing the publication culture. At the very least,
researchers should submit reports on their findings, whether null or otherwise, to
preprint servers, such as BioRxiV.

There are also opportunities for research that have, so far as we know, not yet
been explored. For one, there has been, so far as we are aware, just one study that
even hinted at whether personality traits are related to cognitive bias tests (see
Bethell and Pfefferle 2022). In that study, Bateson and Nettle (2015) found that,
among three chimpanzees, the individual with the highest rank was less pessimistic.
This is consistent with the findings of rating-based studies of chimpanzees that we
discussed earlier (King and Landau 2003; Weiss et al. 2009; Robinson et al. 2017).

Primate Personality and Welfare 405



Additional studies in this area will undoubtedly advance our understanding of
personality and of cognitive bias in nonhuman primates.

In addition, there has been a call in studies of personality and health in humans to
consider long-term causal models to better understand the mechanisms by which
personality traits end of helping or hindering us (Friedman et al. 2014). There has
also been a call to examine the associations between lower-levels of personality and
health (Weiss and Deary 2020). With increasing sample sizes, better measures, and
aging populations, it should eventually be possible to conduct similar studies in
nonhuman primates.

7 Conclusions

If anything, the findings described here suggest that we cannot expect a “one size fits
all” approach to primate welfare to work. Moreover, the links between mostly stable
personality traits and different measures of primate welfare suggest that the best way
to improve welfare may be to work toward attending to individual personalities and
their concomitant needs. Our understanding of personality’s relationship with wel-
fare has increased, but there is much left to be done if we are to maximize the
potential of this field to increase our knowledge of the welfare of nonhuman primates
and humans alike.
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Sociality, Health, and Welfare in Nonhuman
Primates

Brianne A. Beisner, Darcy L. Hannibal, Jessica J. Vandeleest,
and Brenda McCowan

Abstract

Herein we provide a review of the importance of social relationships on health
and welfare of nonhuman primates. Social relationships are a key component of
life for most primates. Sociality, however, comes with costs and benefits to health
and welfare. When examining these benefits and costs we can look at two main
types of primate relationships: dominance relationships/social status and
affiliative relationships/social bonds. Over millions of years of evolution, many
primate species experienced selection for larger brains (relative to body size) and
living in cohesive social groups, which has resulted in a social life that is
fundamentally linked to their welfare. These two evolutionary characteristics
lead to complexity in both the dominance relationships and social bonds that
develop in many primate societies. Individual dominance rank may be associated
with differential risk of injury, exposure to stress, and other welfare-related
outcomes because dominance relationships govern competitive interactions
over access to resources and mating opportunities. Similarly, the affiliative social
bonds between primates can also impact welfare because such interactions offer a
way to cope with social stress yet increase risk of disease transmission via
contact. Zoos, sanctuaries, research facilities, and other institutions that house
nonhuman primates in captivity must take into consideration such social
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relationships in their management strategies and procedures to promote good
welfare. Here we discuss these social relationships in relation to individual health,
fitness, and well-being.

Keywords

Social bonds · Aggression · Hierarchy · Health · Affiliation · Grooming

1 Introduction

Animal behavior is largely driven by three major selection pressures that animals are
evolved to cope with: obtaining enough food to eat, finding mates for reproduction,
and avoiding predation (e.g., Papio cynocephalus: Bertram 1978; Darwin 1871;
Clutton-Brock 1974; Bradbury and Vehrencamp 1976; Kay et al. 1988; Janson and
Goldsmith 1995). Primates are distinguished from other orders of mammals by their
social, behavioral, and cognitive adaptations for coping with these three selective
pressures (Byrne and Whiten 1988; Cheney and Seyfarth 1990; Dunbar 1998).
Therefore, in captivity, a beneficial social environment buffers against stress and
provides an appropriate context to engage social adaptations, while an absent or poor
social environment lacks these and can even result in physical injury or abnormal
changes to both behavioral and biological systems (e.g., digestive, immune, cardio-
vascular, endocrine) that impact welfare (e.g., Harlow and Harlow 1962; Clarke
et al. 1995; Kempes et al. 2008; Gilbert and Baker 2011; Beisner et al. 2012; Gottlieb
et al. 2013; Capitanio and Cole 2015). Deleterious effects of a poor social environ-
ment can be transient and reversible, longer-lasting, or permanent depending on
several key and interacting factors (e.g., sex, personality, length, and scale of change,
whether experienced during growth and development, etc.; Suomi et al. 1973; Coe
1993; Capitanio et al. 1998; Schapiro et al. 2000; Vandeleest et al. 2011; Gottlieb
et al. 2013; McCowan et al. 2016). Because a species-appropriate social environ-
ment is the most important enrichment that can be provided for good welfare in
captive primates, research facilities are mandated by national, international, and
professional institutions to provide socialization in captivity (NC3Rs 2006; The
Commission of European Communities 2007; European Commission 2010; National
Research Council 2011; U.S. Department of Agriculture 2013; Association for
Assessment and Accreditation of Laboratory Animal Care Internatonal 2015; Office
of Laboratory Animal Welfare 2015).

Animal welfare has both physical and psychological components, and these
components are often intertwined (e.g., poor psychological welfare may be
associated with poor physical welfare). For primates, psychological welfare has
taken center stage since the 1985 amendment to the Animal Welfare Act requiring
“a physical environment adequate to promote the psychological well-being of
primates.” (Novak and Suomi 1988, Sec. 43(a)(2)(A)). Given primates’ adaptations
for social complexity and intelligence, it is not surprising that social housing is
regarded to be the best form of enrichment for captive primates (Lutz and Novak
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2005). Indeed, research facilities endeavor to pair house their research subjects (e.g.,
macaques) whenever possible. Furthermore, some research facilities, as well as most
sanctuaries and zoos, provide more species-appropriate social housing (e.g., mixed-
sex, age-graded groups for baboons, capuchins, chimpanzees, and macaques; male-
female pairs with immature offspring for monogamous species such as owl monkeys
and titi monkeys) which goes further to meet primates’ psychological well-being.
Given this chapter’s emphasis on the welfare implications of social status and social
bonds, we focus here on animals living in social groups, specifically addressing the
physical and/or psychological welfare issues that may arise due to forming typical
dominance and affiliative relationships with their group mates. Despite primates’
(particularly monkeys and apes) clear need for social housing, social relationships
are not without cost; navigating social relationships includes risks of aggression,
harassment, trauma, and psychosocial stress, all of which have implications for both
psychological and physical well-being. Finally, because the overwhelming majority
of welfare research on primates in captivity is based on members of the genus
Macaca, much of the literature is based on macaque models; however, where
possible, we include examples from other primate species as well.

Primates evolved to live in cohesive social groups because of the fitness benefits
from cooperative defense of food resources (Wrangham 1980), reduced risk of
predation or infanticide (van Schaik 1983, 1989; Sterck et al. 1997), and/or avoiding
the costs of dispersal for the philopatric sex (Isbell 2004). And although group-living
comes with costs (e.g., within group competition for resources and increased risk of
exposure to diseases and parasites: Alexander 1974; Isbell 1991; Chapman and
Chapman 2000; Vitone et al. 2004), primates are adapted to develop and maintain
different types of complex and clearly defined social relationships that mitigate the
costs of group-living. For example, dominance relationships govern priority of
access to defensible food resources (Whitten 1983; van Schaik and van Noordwijk
1988; Barton and Whiten 1993), which minimize the frequency of aggressive
competitive interactions. Additionally, beneficial grooming activity may be
exchanged for tolerance at feeding sites (Kapsalis and Berman 1996; Chancellor
and Isbell 2009). These behaviors are exhibited across a variety of habitats and tend
to persist even in the captive environment where predation is absent and food is
abundant (Brennan and Anderson 1988; Deutsch and Lee 1991).

Therefore, primates’ social behavioral interactions and relationships constitute a
major part of primate daily life (e.g., Dunbar 1991; Lehmann et al. 2007). As such, a
wealth of research has shown that social relationships impact a wide range of
physical and mental aspects of health and well-being (for summary see McCowan
et al. 2016; Hannibal et al. 2017). We divide social relationships into two main
categories for the purposes of understanding individual health and welfare: social
status or dominance rank and affiliative social bonds. Below we summarize the
beneficial and costly implications of both types of social relationships on welfare in
nonhuman primates and highlight where such relationships may intersect with
management approaches.
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2 Social Status, Dominance Relationships, and Welfare

Many, if not most, primate societies are organized around a dominance hierarchy,
including most members of the taxonomic groups representing lemurs, New World
monkeys, Old World monkeys, and apes (Smuts et al. 1987; Campbell et al. 2011).
Dominance relationships are generally maintained via regular, but usually
noninjurious, agonistic interactions. These relationships serve to mitigate conflict
among members of a social group by allowing individuals to predict the outcome of
potential contests (Bernstein and Gordon 1974; Rowell 1974). Both dominant and
subordinate animals can use this relationship information to avoid potential injury
from a more serious physical contest. Therefore, a certain level of aggression, and
even injury (e.g., among macaques and baboons), is normal in stable social groups,
although what can be considered normal in terms of frequency and severity of
aggression depends on the species (Ruehlmann et al. 1988; Alford et al. 1995;
Byrne et al. 1996; McCowan et al. 2008; Beisner et al. 2012).

2.1 Potential Costs of Being Subordinate

The relative costs and benefits of high versus low status among social living animals
have been extensively studied, particularly with respect to agonistic interactions over
access to high-quality, defensible food resources: (Whitten 1983; Saito 1996; Isbell
et al. 1999; Stahl and Kaumanns 2003; Scott and Lockard 2006), reproductive
success and/or access to mating opportunities (Harcourt 1987; Cowlishaw and
Dunbar 1991; Pusey et al. 1997; van Noordwijk and van Schaik 1999), and psycho-
social stress and stress-related disease (Creel 2001; Abbott et al. 2003; Sapolsky
2005). Both psychosocial stress and agonistic and/or competitive interactions have
implications for welfare (whereas there is no evidence to suggest that welfare is
reduced by absence of mating opportunities), thus we explore primarily the first two
topics here. The picture that has emerged from this body of literature is that
subordinates generally experience greater costs than dominants (see section on
Psychosocial Stress and Welfare for details), suggesting that the frequency and
type of welfare issues related to social status are greater for subordinates than
dominants. However, in a given social group, subordinates do not always experience
greater psychosocial stress or reduced access to food resources. For example, among
studies of stress and stress-related disease in primates and other animals, whether
evidence of stress is greater in subordinates or dominants depends upon species’
social structure and the type of health measure examined (Sapolsky 2005; Creel et al.
2013; Marmot and Sapolsky 2014; Habig and Archie 2015; Vandeleest et al. 2016).
In other words, being subordinate does not automatically imply poor welfare, nor
does being dominant automatically imply good welfare.
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2.2 Resource Competition, Aggressive Interactions, and Welfare

A consequence of having dominance relationships is that subordinates can be
competitively excluded from important resources, such as high-quality food (defined
by Schoener 1971 as providing a high net energy gain) that is clumped in distribution
and worth monopolizing, as is true with most fruit and seed foods (Boccia et al.
1988; Stahl and Kaumanns 2003; Scott and Lockard 2006). Further, dominance
relationships must be maintained through occasional or regular agonistic interactions
that can range from displacements (a subordinate animal relinquishes their spot to an
approaching dominant), to mild threats (facial and/or vocal aggressive signal with no
physical contact), to attacks or bites. Both social processes can potentially influence
the welfare of subordinates in captive settings and we discuss these in more detail
below.

Generally, when food resources are high-quality and distributed in discrete
pockets, such as monkey chow being provided in a single location, dominant
animals can monopolize the food resource and reduce subordinates’ access to this
food (e.g., Boccia et al. 1988). Clumped and desirable resources also increase the
frequency and intensity of aggression as animals become increasingly likely to resort
to aggression to access or defend these resources (Barton et al. 1996; Goldberg et al.
2001). Long-term, pervasive exclusion from food has the potential to result in
serious nutritional and caloric deficiencies in subordinate animals if not managed
appropriately. Providing food in such a large abundance that there is enough food to
satiate all individuals is one strategy (e.g., observed at multiple National Primate
Research Centers) to ensure that subordinates do not suffer from poor nutritional
status or body condition. Indeed, the impact of dominance on feeding behavior (e.g.,
relative food intake, feeding rate) is greatest when the group receives the least
amount of food relative to overall group nutritional needs (Deutsch and Lee 1991).
However, even under conditions of abundant food (where malnutrition is rarely an
issue), discrepancies in nutritional status can arise since most primates are energy
maximizers (Sensu Schoener 1971) and are adapted to eat more calories than needed
to store fat for future calorie deficits. For example, in a social group of captive rhesus
macaques given abundant monkey chow in a single location, higher-ranking females
show higher body fat than lower-ranking females (Small 1981). Such rank-related
differences in body fat and body weight can further impact onset of puberty and
potentially reproductive success (Fairbanks and McGuire 1984; Bercovitch and
Strum 1993; Zehr et al. 2005), which may be of interest to facilities with breeding
programs, such as zoos or research centers. Furthermore, providing overly abundant
food resources runs the risk of causing obesity in captive animals. Obesity is a
common problem among animals in captivity (Leigh 1994; Schwitzer and
Kaumanns 2001; Videan et al. 2007), suggesting that alternative feeding regimes
might be considered to maximize welfare of all social group members.

A potentially more effective feeding strategy to promote good welfare for both
subordinate and dominant individuals is to spread food out over a large area and/or
provide alternative food resources, thereby discouraging or preventing contest
competition over food. For example, providing foraging materials or vegetation
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can reduce rates of aggression in captive primates (Chamove et al. 1982; Beisner and
Isbell 2011), suggesting that competitive interactions over food are reduced. Widely
distributing food has similar beneficial effects (Boccia et al. 1988). Although widely
distributed and/or alternative food resources mimic wild conditions, it is worth
noting that many studies of wild groups find little to no difference between
dominants and subordinates in nutritional and/or caloric intake (Majolo et al.
2012; Heesen et al. 2013). It may be that dominant animals in wild groups cannot
competitively exclude subordinates from all food resources all the time when food
patches vary in number, size, and seasonal availability/abundance. Another method
that has the potential to mitigate feeding competition in captivity is the use of
automated feeders that portion food dispensed according to information in each
animal’s electronic chip (e.g., RFID chip implanted beneath the skin on an animal’s
hand: Wilson et al. 2008; Ethun et al. 2015). However, these systems are costly and a
similar setup and monitoring may be important to replicate the surprisingly low theft
rate of food by dominants reported by these investigators.

Another consequence of dominance relationships that impacts animal welfare is
injury from social aggression. The simple acts of exercising one’s dominance status
(e.g., to obtain a resource) and regular maintenance of dominance relationships can
place individuals, and particularly subordinate animals, at risk of injury from social
aggression. Subordinates are at greatest risk of injury from social aggression in
species where subordinates are (1) frequent targets of redirected aggression by
dominants, (2) frequently excluded competitively from resources, and (3) regularly
subject to physical contests with dominants. For example, among wild female
baboons (Archie et al. 2014) and captive rhesus macaques (McCowan unpublished
data; Fig. 1), subordinate animals are injured more frequently than dominant
animals.

2.2.1 AddressingWelfare Concerns Related to Aggression and Trauma
While some amount of aggression and injury is considered normal and expected for
some species, such as macaques, chimpanzees, and capuchins (Ruehlmann et al.
1988; Alford et al. 1995; Byrne et al. 1996), occasionally the frequency and/or
severity of aggressive interactions reaches a level that is unhealthy for both
individuals targeted by the aggression and for the social group (e.g., Oates-O’Brien
et al. 2010). Determining whether an individual should be removed from the social
group based on either receipt or instigation of aggressive incidents; however, is not
always obvious. These decisions involve not only consideration of the animal’s
current social situation but also what future social opportunities are available and
whether they offer improvement over current conditions. Among macaques, for
example, it is difficult to introduce an adult female into an existing social group
(and possible, though dangerous, to introduce an adult male). Therefore, the housing
options for a macaque that has been removed from its social group generally include
(a) being pair-housed indoors or, if no suitable partners are available, being singly
housed, and (b) occasionally, being included in a new group formation, but these
formations are typically infrequent and labor-intensive to manage until well-
established.

418 B. A. Beisner et al.



Such dramatic change in social housing conditions can negatively impact welfare
and must be balanced against the current welfare concerns in the animal’s current
social group. For example, relocating a macaque from an outdoor social group to
indoor pair housing or single housing can diminish the animals’ psychological
welfare by reducing the opportunity to form a variety of complex and well-
differentiated social relationships with a variety of conspecifics. Relocation from
group housing to pair or single housing has other negative impacts, such as increas-
ing the incidence of abnormal behavior such as stereotypies and self-injurious
behavior (Suomi et al. 1971; Anderson and Chamove 1980; Eaton et al. 1994;
Fontenot et al. 2006; Gottlieb et al. 2013). Further, the welfare impacts of relocation
to single housing are also demonstrated in physiological changes, with alterations to
cortisol and leukocyte levels that can take 1–5 months to reach a new set point which
affects both the animal’s welfare as well as its utility as a research subject in research
institutions (Capitanio et al. 1998). Returning subjects to a social group after several
months of absence or introducing them to a new group as part of a new social group
formation have similarly disruptive effects on physiology that take weeks or months
to normalize (Gust et al. 1991, 1993). When group membership is unstable and
unpredictable, the altered physiology of individuals can be so dramatic, and welfare
can be so compromised, that it can hasten the progress to disease states (Cohen et al.
1992; Gordon et al. 1992; Gust et al. 1992, 1994; Capitanio et al. 1998). Finally, if
removal of an animal is deemed necessary, it is important to remember that its effect
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Fig. 1 Trauma rate for high versus low rank across five captive groups (A, B, C, D, and E) of
rhesus macaques (McCowan unpublished data). According to Poisson regression models of trauma
rate, low-ranking animals are 1.2 to 5.5 more likely to receive trauma than high ranked animals
(A: p = 0.36; B: p = 0.05; C: p = 0.06; D: p < 0.001; E: p < 0.001)
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on the net welfare of the individual’s former social group is difficult to anticipate
because individuals that serve a keystone role in the group can have a disproportion-
ate impact on social dynamics (good or bad) with emergent properties that are only
detectable once the keystone is absent (Modlmeier et al. 2014). For example,
individuals that connect two otherwise-separate clusters of the social group or
individuals that are one of a few highly connected “hubs” in a social network are
likely to hold keystone roles. Although social connections are expected to “rewire”
after removal of any individual, the ability to fully recover depends on how critical
the individuals were to the global social structure of the group. For instance, natural
systems, such as social groups, often exhibit scale-free structure in their connectivity
in which few individuals are the well-connected hubs that unite all remaining
members of the group. While such networks are resilient to removal of random
individuals, they are extremely vulnerable to removal of a well-connected hub
because the pre-existing social structure (such as a dominance hierarchy) may not
have enough redundant information among remaining members to allow social ties
to reconnect (Albert et al. 2000; Whitacre 2010). As with food competition, man-
agement strategies and procedures can be adjusted to reduce wounding and aggres-
sion, thereby reducing the need to consider whether social relocation is necessary
and improving both individual-level and group-level welfare. Strategies for reducing
aggression and wounding involve keeping animals occupied (e.g., structural enrich-
ment, foraging enrichment: Chamove et al. 1982), reducing opportunities for aggres-
sive competition over resources (e.g., change feeding practices to minimize feeding
competition, including alternate food sources: Beisner and Isbell 2008), spreading
food over a large area, or providing smaller units of a high-quality food resource
(Mathy and Isbell 2001), and providing opportunities for subordinates to avoid or
escape aggression from dominant individuals (Erwin et al. 1976; Estep and Baker
1991).

2.3 Psychosocial Stress and Welfare

A less obvious potential impact of social status on welfare is via psychosocial stress
and diseases related to chronic stress. The experience of acute, manageable stress is a
fact of everyday living and, in fact, can lead to resilience in the face of future
stressors (Lyons and Parker 2007). Chronic stress, however, has been linked to
many poor psychological and physical outcomes, including increased susceptibility
to infectious disease, cardiovascular disease, depression, and hippocampal dysfunc-
tion among others (McEwen 1998; Cohen et al. 2007). Glucocorticoid
(GC) concentration is the most commonly investigated measure of stress, partially
because when GCs are chronically released they can suppress the immune system
and can leave individuals vulnerable to a variety of diseases and infectious agents
(Sapolsky et al. 2000). However, GCs represent only one aspect of the stress
response, and systems other than the hypothalamic-pituitary-adrenal (HPA) axis
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are also affected by chronic stress (see Capitanio et al. 2022). For example, stress
causes activation of the sympathetic nervous system. Repeated activation of the
sympathetic nervous system can lead to cardiovascular “wear and tear” and an
increased risk of atherosclerosis and cardiovascular disease (Shively and Day 2015).

Perhaps the most familiar hypothesis regarding the impact of social status on
physiological health is that individuals exposed to chronic psychosocial stress may
show greater incidence of stress-related disease and thus poorer health and welfare
(Sapolsky 1982; Dhabhar 2014; Habig and Archie 2015). Typically, it is subordinate
animals that experience chronic psychosocial stress as they tend to experience more
frequent and unpredictable aggression and have fewer social outlets to help them
cope (see below). Although elevated levels of glucocorticoids have been reported in
both high-ranked and low-ranked individuals in many primate species, the literature
points to a greater number of potential health costs for low-status individuals than for
high-status individuals, such as higher basal levels of GCs (Sapolsky 1982), poorer
cardiovascular function (Sapolsky and Share 1994; Shively and Clarkson 1994), and
greater risk of infection (Cohen et al. 1997; Foerster et al. 2015).

The social dynamics of rank acquisition and maintenance strongly influence
which group members experience greater stress. Subordinates are exposed to greater
psychosocial stress in societies where (a) their daily activities are frequently
disrupted (e.g., unpredictable displacement aggression or disrupted feeding by
dominants: Ray and Sapolsky 1992; Sapolsky and Spencer 1997), (b) they have
reduced access to social support for coping with stress (e.g., grooming partners:
Keverne et al. 1984; Sapolsky and Ray 1992; Abbott et al. 2003), and (c) resource
inequity is great, with subordinates being competitively excluded from resources
(Sapolsky 2005; Cavigelli and Caruso 2015). These factors can be ameliorated in
captivity via the same management strategies for reducing feeding competition,
aggression, and social trauma (see above) by ensuring that there is enough physical
space and variation in structural enrichment (e.g., vertical perching, visual barriers)
for subordinates to avoid stressful interactions with dominants (Erwin 1977;
Fairbanks et al. 1978) and that important resources, such as food, water, enrichment,
and desirable resting substrates are plentiful enough and/or distributed in such a way
that subordinates can access these (Boccia et al. 1988; Scott and Lockard 2006).
Further, for some taxa whose natural social structure involves complicated fission-
fusion dynamics, such as chimpanzees, the risk of aggression, and injury to
subordinates (and presumably the incidence of psychosocial stress) may be reduced
through active management of social housing to emulate fission-fusion by regularly
shuffling group membership (see Morimura et al. 2022).

Evidence of chronic stress in subordinates comes from a variety of measures,
species, and environments. Subordinates may show higher basal levels of GCs
(Sapolsky 1982; Yodyingyuad et al. 1985; Gust et al. 1993; Ostner et al. 2008),
although this pattern is not universally true (Table 1; e.g., Bercovitch and Clarke
1995; Smith and French 1997; Setchell et al. 2008). Further, subordinates may
experience increased susceptibility to disease and infectious agents to due immune
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suppression (Cohen et al. 1997; Foerster et al. 2015) and poorer cardiovascular
function (Adams et al. 1985; Sapolsky and Mott 1987; Sapolsky and Share 1994;
Shively and Clarkson 1994). Although elevated GC levels are generally interpreted
as evidence of chronic stress, it is important to be cautious when using GC concen-
tration to assess animal welfare. Chronically high levels of GCs can alter the
regulation of the HPA axis which can also lead to a blunting of the cortisol response

Table 1 Studies of glucocorticoid levels by dominance rank in nonhuman primate species

Species GC pattern Sex
Study
condition

Sample
medium Citations

Lemur catta Dom > Subord f Wild Feces Cavigelli (1999)

Callithrix
jacchus

Dom > Subord f Captive Urine Saltzman et al. (1998); as
found in Abbott et al.
(2003)

Saguinus
oedipus

Dom > Subord m, f Captive Urine Ziegler et al. (1995); as
found in Abbott et al.
(2003)

Saimiri
sciurius

Dom > Subord m Captive Coe et al. (1979)

Macaca
fuscata

Dom > Subord m Wild Feces Barrett et al. (2002)

Pan
troglodytes

Dom > Subord m Wild Urine Muller and Wrangham
(2004)

Saimiri
sciurius

Subord > Dom m Captive Blood Manogue (1975)

Macaca
assamensis

Subord > Dom m Wild Feces Ostner et al. (2008)

Macaca
fascicularis

Subord > Dom f Captive Urine Abbott et al. (2003)

Macaca
mulatta

Subord > Dom f Captive Gust et al. (1993)

Miopithecus
talapoin

Subord > Dom f Captive Urine Yodyingyuad et al.
(1985), Abbott et al.
(2003)

Papio anubis Subord > Dom m Wild Blood Sapolsky (1983)

Papio
cynocephalus

Subord > Dom m Wild Feces Gesquiere et al. (2011)

Callithrix
kuhli

Dom ¼ Subord f Captive Smith and French (1997)

Macaca
mulatta

Dom ¼ Subord m Captive Blood Bercovitch and Clarke
(1995)

Microcebus
murinus

Dom ¼ Subord m Captive Perrett (1992)

Mandrillus
sphinx

Dom ¼ Subord f Semicaptive Feces Setchell et al. (2008)

Papio
hamadryas
ursinus

Dom ¼ Subord f Wild Feces Weingrill et al. (2004)

422 B. A. Beisner et al.



after exposure to long-term social stress. Under such conditions of long-term stress,
it is expected that an animal would have low levels of GCs even though they may
continue to experience high levels of stress (Capitanio et al. 1998). Therefore, other
indicators of welfare (e.g., avoidance of social interactions, anxiety and abnormal
behaviors, parasite load, biomarkers of inflammation, evidence of stress-related
disease) should also be assessed. Given the number of potential negative health
outcomes from exposure to chronic stress, establishing surveillance methods to
detect individuals experiencing chronic stress and stress-related disease is obviously
important, but also challenging.

One potentially effective health surveillance strategy, targeted at subordinates,
may be to collect biological samples during regular animal health checks, such as
during annual or semiannual health round-ups when animals are thoroughly exam-
ined by veterinarians. If behavioral observation data are available, biological sample
collection and/or processing may be targeted at individuals showing evidence of
exposure to chronic stress (e.g., being frequent targets of aggression by conspecifics)
and/or lack of ability to cope with social stress (e.g., few or no grooming or huddling
partners; few locations to escape or avoid dominant individuals). Examples of
biological sample collection and processing might include drawing blood samples
with which to measure biomarkers of inflammation (e.g., C-reactive protein:
Vandeleest et al. 2016) or glucocorticoids, getting a urine sample to measure
catecholamines, or obtaining a fecal sample to test for gastrointestinal infection
(e.g., Shigella: Balasubramaniam et al. 2016). Repeated physiological evidence of
stress may warrant increased monitoring for health decline.

If an animal is found to be experiencing chronic psychosocial stress (especially if
no evidence of other disease is found), we suggest that, given the importance of the
social environment delineated above, the best course of action is to continue to
monitor them for behavioral and/or physical signs of further welfare issues. For
example, subordinates with elevated GCs but who also groom and huddle frequently
with others in their social group (such as adult offspring, mother, or other close
affiliates) are demonstrating an ability to cope with the stresses of their social
environment (see Social Bonds and Welfare section below). So long as there is no
evidence of serious infection, poor cardiovascular function, psychological disorders
such as depression, or other disease, the benefits of group living still likely outweigh
the costs, and social relocation (being moved to a new enclosure and social setting,
such as indoor pair housing) is likely not necessary. Importantly, social relocation is
also stressful, particularly if the new social situation is dramatically different from
the animal’s current social group, such as relocation from group housing to pair
housing (Capitanio et al. 1998). In other words, the psychosocial stresses of the new
social environment, as well as the relocation process, should be weighed against the
psychosocial stress an animal is experiencing in its social group when deciding
whether social relocation is necessary. In contrast, if behavioral observation of a
subordinate with elevated GCs reveals that group members repeatedly aggressively
target the animal, and/or the animal appears to have no social affiliates to help it cope
with this social stress, social relocation may offer greater benefits than costs. For
species that evolved to live in cohesive social groups, the benefits of remaining in a
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social group, on average, outweigh the costs of sociality even for subordinates
experiencing psychosocial stress—evidence for this comes from both field work,
such as the finding that subordinate male baboons experiencing chronic psychosocial
stress yet choose to remain in their social group, as well as decades of captive
research on comparing group-housed monkeys to single- and pair-housed monkeys
in research facilities (e.g., Gust et al. 1992; Clarke et al. 1995; Baker et al. 2012).

2.4 Potential Costs of High Rank

High social status generally comes with numerous advantages, ranging from greater
access to high-quality food resources and mating opportunities, to lower risk of
social trauma, to lower incidence of chronic stress, and its associated health issues
(see above). Thus, many of the welfare concerns that we have for subordinate
animals do not typically apply to dominant animals. However, dominance is not
without cost, and managers of captive social groups should not assume that there are
no welfare concerns for high-ranking individuals. There are circumstances where
dominant animals have higher GC levels, greater parasitism, or reduced immune
function than subordinates (Manogue 1975; Hausfater and Watson 1976; Abbott
et al. 2003; Melfi and Poyser 2007; Habig and Archie 2015). For example, high-
ranking males (particularly alpha males) may show higher levels of GCs than
low-ranking males (Manogue 1975; Cavigelli 1999; Barrett et al. 2002; Muller
and Wrangham 2004; Gesquiere et al. 2011). Most of these reports come from
wild populations of primates and are likely applicable to captive settings as well.
Importantly, these costs are generally not interpreted as evidence of chronic stress,
but rather are thought to reflect greater energetic demands of either acquiring/
maintaining high rank or of engaging in extensive reproductive effort (Cavigelli
1999; Barrett et al. 2002; Muller and Wrangham 2004).

The greater energetic demands of dominance are thought to be achieved, in part,
by reducing energetic investment in other bodily systems, such as immune function,
which can have downstream consequences. Consistent with this is the finding that
parasitism is greater in dominant individuals than subordinates in nearly every
population examined (but see Foerster et al. 2015; Habig and Archie 2015). For
example, high-ranking individuals exhibit greater parasite richness (e.g., Macaca
mulatta: MacIntosh et al. 2012), higher prevalence for certain parasite species,
(P. cynocephauls Hausfater and Watson 1976; e.g., M. fuscatta: MacIntosh et al.
2012) greater helminth burden (e.g., Pan troglodytes: Muehlenbein andWatts 2010),
higher tick loads (e.g., P. cynocephalus: Akinyi et al. 2013), and higher prevalence
of SIV infection (Cercocebus atys: Santiago et al. 2005). This evidence suggests that
welfare surveillance of high-ranking individuals might focus on parasitism. Such
parasite surveillance might be incorporated into annual or semiannual health
examinations; fecal samples could be collected from high-ranking individuals and
examined for evidence of parasites such as helminths or bacterial pathogens. In
addition, veterinarians could administer regular antiparasite treatments for
high-ranking individuals. The increased risk for parasitism puts high-ranking
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animals at health risk because ectoparasites such as ticks may carry diseases (tick-
borne hemoprotozoan Babesia microti: Akinyi et al. 2013) and gastrointestinal
parasites such as nematodes place an additional energetic burden on the host animal
by sapping calories and nutrients that would otherwise support host growth and
homeostasis.

Notably there may be rare occasions when dominant individuals do experience
greater psychosocial stress than subordinates. For example, constant changes to
party membership in fission-fusion societies may prevent dominants from observing
others’ political interactions in their absence, which may cause some instability in
the hierarchy and heightened psychosocial stress for those who need to continually
reassert their dominance (Muller and Wrangham 2004). Thus, captive housing
options for fission-fusion species such as chimpanzees, bonobos, and spider
monkeys, might consider whether mimicking the constantly changing subgroup
composition of wild groups, which has been successfully implemented with
chimpanzees at Kumamoto Sanctuary in Japan (Morimura et al. 2022), may cause
dominant individuals to unnecessarily reassert their dominance more often, which
may contribute to stress.

Cooperatively breeding species, where reproduction is reduced or suppressed in
subordinates, are an interesting exception to the trade-offs model. Among coopera-
tive breeders, such as marmosets and tamarins as well as many nonprimates,
dominants show higher GC levels than subordinates (Ziegler et al. 1995; Saltzman
et al. 1998; Creel 2001), but this likely reflects suppression of reproduction in
subordinates rather than status-related variation in psychosocial stress levels
(Smith and French 1997; Abbott et al. 2003).

2.5 Rank Stability and Certainty

The impact of social status on welfare goes beyond the effect of high versus low rank
and includes the relative predictability or certainty of one’s status relationships.
Within a stable hierarchy, evidence of rank instability or ambiguity is more stressful
for dominants, who stand to drop in rank, than it is for subordinates, who stand to rise
in rank. In adjacently ranked pairs of male baboons whose dominance interactions
were highly ambiguous in direction, only the more dominant males (who were about
to lose rank) showed elevated basal levels of GCs (Sapolsky 1992). However,
evidence of rank instability or ambiguity need not come from direct interactions or
adjacently ranked pairs. Recent work on multiple social groups of captive rhesus
macaques used a novel network approach to examine each individual’s “fit” within
the group hierarchy, a measure called dominance certainty (Vandeleest et al. 2016).
High-ranking macaques whose dominance relationships are more ambiguous, on
average, have higher levels of biomarkers of inflammation (C-reactive protein, IL-6,
and TNF-alpha) than adult females and other males, whereas these same biomarker
levels are much lower in high-ranking macaques with high certainty about their rank
compared to all other adult group members (Vandeleest et al. 2016).
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The welfare implications of these elevations in stress due to rank instability or
ambiguity are likely minimal so long as the individual is experiencing brief rank
instability (e.g., a rank reversal eventually occurs, and the new rank relationship
becomes well-established). Occasional bouts of extreme stress are a normal part of
social life, and brief elevations in GCs and/or biomarkers of inflammation likely do
not pose significant health risks, and in fact could lead to brief enhancements of
immunity (Dhabhar 2014). However, perpetual rank instability or ambiguity, and the
associated psychosocial stress, would be cause for concern, and in captive
populations, human intervention to remove the recipient or instigator of aggression
might be necessary. Further investigation of individuals with greater ambiguity in
their dominance relationships (but with no observed rank reversals) has also shown
that this ambiguity is associated with more frequent injury from social aggression
(Beisner and McCowan 2014) and may be symptomatic of other health or welfare
risks. Regular behavioral observations of dominance interactions over an extended
period offer the best possibility of detecting such long-term instabilities in rank
relationships, and therefore identifying which individuals may be at risk of poor
welfare.

2.5.1 Group-Level Aspects of the Status-Welfare Relationship
Up to this point we have focused on individual health and welfare. However, there
are group-level dynamics that are relevant to both individual welfare and group-level
welfare. When animals are socially housed, the distribution of the costs and benefits
of sociality differs across individuals, and it is not always possible to achieve the
same level of welfare for all group members. Further, single individuals can have a
disproportionate impact on the welfare of the rest of the group via their impact on
group dynamics such as conflict policers who quell fights among group members
and thereby reduce rates of severe aggression and trauma in the group (Flack et al.
2005b; McCowan et al. 2011; von Rohr et al. 2012; Beisner and McCowan 2013).

Social stability and its association with group-level welfare have perhaps been
best studied in captive macaques. Macaques are overwhelmingly the most com-
monly maintained nonhuman primates at captive research facilities (Smith 2012;
Lankau et al. 2014), especially rhesus macaques. Group-housed rhesus macaques are
highly aggressive toward one another and severe aggression often results in
wounding of one or more individuals (Thierry et al. 2004; McCowan et al. 2008),
which compromises the welfare of injured individuals. In extreme circumstances,
social instability can result in social overthrow, with equally extreme impact on
welfare as it typically leads to severe injuries of multiple group members and often
relocation to indoor housing. Individual-level welfare can therefore be improved, for
most group members, by managing macaque social groups in such a way that
preserves long-term group-level stability.

Although the end result of uncorrected social instability in macaques is severe
aggression, aggression and trauma rates are not reliable measures of a group’s social
stability. Evidence of a fully connected acyclic subordination signaling network with
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multiple tiers (i.e., a network in which all animals participate and where no signals
go against the hierarchy; Fig. 2) is associated with stability in captive rhesus
macaque groups (Fushing et al. 2014) and this pattern may also be present in other
macaque societies in which subordination signals play a critical role in communicat-
ing status relationships (although an acyclic pattern was not found in a group of
pigtailed macaques M. nemestrina: Flack and Krakauer 2006, nor in a group of
Barabary macaques M. sylvanus: Preuschoft 1992). Individuals that receive formal
subordination signals (e.g., peaceful silent-bared-teeth signals) from many other
group members have more social power, but this power is distinct from social
rank even though individuals with high social power tend to have high rank (Flack
and Krakauer 2006; Flack and de Waal 2007; Beisner and McCowan 2014; Beisner
et al. 2016). By having a large number of group members that all signal their
subordinate status to a few powerful dominant individuals, those powerful
dominants have the ability to intervene to stop the fights of other group members
with little risk of retaliation or injury (Flack et al. 2005a; Beisner and McCowan
2013). This is known as conflict policing, and the presence of one or more conflict
policers in a social group offers a significant welfare advantage to all members of the
social group via reduced exposure to social instability and its associated costs, such
as social stress, deleterious aggression, and injury (Beisner et al. 2012; von Rohr
et al. 2012; Beisner and McCowan 2013). Thus, social stability in macaque groups
stems from two interconnected behavioral systems: (1) a skewed distribution of
social power across group members (communicated via subordination signals) in
which a few high-ranking individuals (typically adult males) have very high social
power (Flack and Krakauer 2006; Beisner et al. 2016) while most other group
members have very little social power, and (2) conflict policing by powerful
individuals to stop group fights (Flack et al. 2005a, b; Beisner and McCowan
2013; Beisner et al. 2016). Monitoring group stability requires regular behavioral
observation of both subordination signaling, to estimate social power of individuals
at or near the top of the subordination signaling network, and conflict policing
behavior.

Although conflict policing is not necessarily linked to subordination signaling in
other species, it is a stabilizing mechanism, primarily performed by dominant males
(Beisner and McCowan 2013; Ehardt and Bernstein 1992; macaques: Flack et al.

Fig. 2 Subordination signaling (i.e., peaceful silent-bared-teeth displays) network for a captive
group of rhesus macaques. Ovals represent individuals and arrows between them represent
observed peaceful silent-bared-teeth signals. Arrows are drawn from the signaler to the receiver
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2005a; hamadryas baboons P. hamadryas: Kummer 1967; Petit and Thierry 1994;
mountain gorillas Gorilla beringei beringei: Sicotte 1995; orangutans Pongo
pygmaeus: Tajiama and Kurotori 2010, e.g., chimpanzees: von Rohr et al. 2012).
The clear sex bias in the performance of conflict policing, combined with the finding
that low male:female adult sex ratio is associated with reduced policing behavior and
social instability (Beisner et al. 2012), indicates that maintaining an adequate
number of dominant adult males is important to preventing social instability and
overthrow. If sufficient behavioral observation effort cannot be performed due to
time constraints, sex ratio can at a minimum be maintained so that the dominant
males are not overwhelmed by too many individuals to monitor (Beisner et al. 2012;
von Rohr et al. 2012). However, even occasional observations of group conflicts
may reveal important information, such as whether certain animals intervene in a
manner that limits aggression or whether certain individuals exacerbate aggression.
Knowing the identities of individuals that are either good interveners or the
instigators/agitators of aggression can inform efforts to maintain the social stability
of populations.

Take-home messages regarding social status and welfare
• Most primates evolved to function within complex social environments, and a

rich social environment produces a more physically and psychologically healthy
primate than an inadequate social environment, regardless of social status.

• Subordinates experience a greater range of potential welfare issues than
dominants including greater risk of receiving social aggression and trauma,
being excluded from critical resources, being exposed to psychosocial stress
and its associated disease states, and having fewer avenues for coping with
psychosocial stress, such as social grooming. However, subordinate status alone
does not lead to poor welfare in the social group and individuals should not be
removed simply because of the downsides associated with low social status.

• Management strategies to improve welfare of subordinates across this range of
potential issues are largely the same: (a) provide visual barriers or other structural
enrichment that allows subordinates to escape harassment from dominants, and
(b) provide critical resources (e.g., food, shelter, water) in sufficient abundance,
distribute widely, and/or provide alternative resources to reduce aggressive and
stressful competition for access to these resources.

• Both behavioral observation and health surveillance strategies can provide key
information about the welfare status of individuals. Behavior observation is
critical for identifying individual’s approximate social status in the group, as
well as identifying whether they have friends and allies to help them cope with
stress and whether they hold a keystone position in the social group. Biological
samples obtained during regular health examinations are critical for identifying
individuals experiencing disease states (e.g., parasitic infection; poor cardiovas-
cular function) that are not observable behaviorally.
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3 Social Bonds and Welfare

Affiliative social interactions play a key role in the daily lives of primates, and
individuals develop close social bonds with one or more members of their group.
Both affiliative interactions and strong social bonds can positively impact health and
welfare in a variety of species in both captive and wild settings. For example, there
are benefits to giving and receiving grooming (Boccia et al. 1989; Shutt et al. 2007)
and having consistent, long-standing social partners (Silk et al. 2010). Further, there
may be benefits to one’s network position or the group-level patterning of affiliative
interactions (Tung et al. 2015; Balasubramaniam et al. 2016). Yet there are also
potential costs of affiliative interactions and relationships because having many
different close affiliates increase an individual’s exposure to communicable diseases,
which is a commonly cited cost of group living (MacIntosh et al. 2012). We discuss
these costs and benefits below.

3.1 Affiliative Interactions and Stress Physiology

Affiliative interactions, such as social grooming (distinct from self-grooming), are
linked to stress and physiological indicators of welfare. Grooming is a known
mechanism for coping with social tension and has been found to have physiological
benefits in both captive and wild populations. Among captive populations of
macaques, heart rate decreases while receiving grooming from conspecifics (and is
lower than during matched control periods and self-grooming) (Boccia et al. 1989;
Aureli et al. 1999). In addition, individuals who receive frequent grooming
(M. mulatta: Gust et al. 1993), and in some cases those that frequently groom others
(M. sylvanus: Shutt et al. 2007), have lower GC levels, suggesting that both
receiving and giving grooming can serve to help individuals cope with social stress.
In fact, a study of talapoin monkeys showed that both giving and receiving grooming
increased β-endorphin production, an endogenous opioid, which is a biomarker of
good psychological well-being (Keverne et al. 1989).

Given the psychological value of social grooming in many primate species, the
presence of social grooming in captive social groups is one positive indicator of
well-being. If systematic behavioral observation reveals that certain individuals
rarely, if ever, participate in social grooming, it may be worth investigating whether
these individuals are experiencing psychosocial stress and/or have insufficient
avenues for coping with stress (see section on social status and stress above). It is
worth noting, however, that due to personality differences, some individuals may not
want to participate in social grooming very often.

3.2 Strong Social Bonds

In addition to grooming interactions, the presence of a particular social partner (e.g.,
a mate, offspring, or “friend”) can reduce the impact of a stressful event through
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social buffering (Kikusui et al. 2006). Even auditory contact with a pairmate has
been shown to buffer against a stressor (Rukstalis and French 2005). Importantly,
not all conspecifics can buffer individuals from stress: there needs to be a strong
connection like that of mother-infant, pairmate, or preferred social partner.
Affiliative interactions are often used to assess the strength of a social bond (Silk
et al. 2003). In the wild, social bonds offer individuals a coping mechanism for
dealing with social stressors that are a normal part of social life for both males and
females. For example, during periods of social instability, such as alpha male turn
over, female chacma baboons (P. ursinus) with small, focused grooming networks
(Wittig et al. 2008) showed less dramatic increases in GCs than females with more
diverse grooming networks. Furthermore, females who narrowed their grooming
networks in response to social instability reduced the extent of the rise in GC levels.
Similarly, members of a captive group of pigtailed macaques also narrowed their
social networks (e.g., smaller mean degree centrality) when conflict policers were
experimentally removed (Flack et al. 2006).

Even during socially stable periods, the strength and patterning of social bonds
can mitigate stress. In wild Barbary macaques faced with frequent receipt of social
aggression, males with strong social bonds have lower fecal GC levels (Young et al.
2014), and female chacma baboons have lower GC levels during months when their
grooming networks are small and focused compared to months with a greater
diversity of grooming partners (Crockford et al. 2008).

Social bonds can further impact physiological state, susceptibility to disease, and
fitness, as the presence, patterning, and quality of social bonds have been linked to a
variety of health and welfare metrics. For example, gut microbiome composition is
linked to many different health outcomes and disease states in humans and primates
(colitis: McKenna et al. 2008; obesity: Turnbaugh et al. 2009; immune function:
Hooper et al. 2012), and research in wild baboons shows that close grooming
partners have a similar gut microbiome composition (Tung et al. 2015). Thus,
one’s close grooming partners stand to significantly impact aspects of health that
are linked to host-microbe interactions. Furthermore, differential gene expression is
predicted by social connectedness and rank (Runcie et al. 2013). Finally, strong
social bonds, such as those measured via grooming relationships and proximity, are
linked to survival and reproductive success in baboon females. Both infant survival
(Silk et al. 2003, 2009) and adult female longevity (Silk et al. 2010) are enhanced by
having strong social bonds, especially with close kin such as mothers and daughters.

The absence of key social bonds can also impact health. Work on social isolation
and loneliness in macaques has identified a class of individuals that appear to
experience loneliness—individuals who, despite initiating as many social
interactions as highly sociable individuals, rarely succeed in translating these
attempts into actual interaction with others (Capitanio et al. 2014). In humans,
being socially isolated increases the risk of physical and mental illness as well as
mortality (House et al. 1988; Cacioppo et al. 2010; Holt-Lunstad et al. 2010). Thus,
evidence of social isolation or loneliness in socially housed animals is noteworthy
because it has the potential to cause or contribute to poor welfare.
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3.3 Social Network Position and Structure and Welfare

The impact of affiliative interactions and social bonds on welfare goes beyond that of
direct ties. An individual’s social network position, which incorporates direct and
indirect ties, as well as the patterning of social relationships in the group, can also
significantly influence health and welfare. Disease transmission is viewed as one of
the primary costs of group living (Alexander 1974; Freeland 1976). Both theoretical
and empirical evidence suggest that greater social connectedness puts individuals at
greater risk of contact-mediated transmission of pathogens (Corner et al. 2003;
Christley et al. 2005; MacIntosh et al. 2012; Drewe and Perkins 2015). Among
primates, for example, high-ranking female Japanese macaques are both the most
central in the grooming network and also show higher prevalence of nematode
parasite infection (MacIntosh et al. 2012). And in brown spider monkeys Ateles
hybridus, well-connected individuals in the physical contact network show higher
gastrointestinal parasite species richness than less-connected individuals (Rimbach
et al. 2015). Further evidence from nonprimates also illustrates the potential costs of
holding a highly central network position (for a review see Drewe and Perkins 2015).

Despite the increased risk of contact-mediated pathogen transmission that
socially well-connected individuals face, there is evidence that social network
position and structure can mitigate infection risk. Modularity is a structural feature
of the network that describes the extent of community structure or local connected-
ness. In highly modular networks there exist subsets of highly connected nodes (i.e.,
a module) which are not well connected to nodes outside the module. Disease can
spread rapidly among members of the same module (within a social network that has
modular structure), but disease transmission between modules is limited because
infections tend to die out before spreading to other modules (Salathe and Jones 2010;
Griffin and Nunn 2012). Work by Griffin and Nunn (2012) demonstrates that the
presence of modular network structure in large primate social groups is associated
with lower parasite richness (i.e., smaller number of parasite species).

There are other aspects of an individual’s position in their network that can
mitigate infection risk such as access to social support. Just as the presence of a
pairmate or preferred social partner can socially buffer one against psychosocial
and/or environmental stressors, so can one’s network centrality. Sociopositive
interactions such as grooming are important ways of alleviating stress, suggesting
that being well-connected in your social network may decrease susceptibility to
infection (as opposed to increasing risk of infection through contact transmission). In
captive social groups of rhesus macaques, for example, individuals with more direct
and especially indirect connections in their grooming and huddling social networks
were less susceptible to Shigella infection (Balasubramaniam et al. 2016). In other
words, social buffering can include the effects of having a well-connected social
circle of both primary and secondary connections to elicit support.
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3.4 Welfare Implications of Affiliative Interactions
and Social Bonds

The value of social bonds and affiliative interactions is apparent when considering
how animals cope with the daily stressors they experience in captive settings, such as
disruptions due to routine colony management (e.g., health checks, feeding, and
cleaning). Therefore, social housing is the first step toward reaping the welfare
benefits of affiliative interactions and social bonds because the presence of
conspecifics gives captive animals an opportunity to develop beneficial
relationships. Furthermore, negotiating social relationships, both through affiliative
and aggressive interactions, stimulates normal cognitive and behavioral functions
and allows captive primates to meet the social and socio-ecological challenges they
are evolved to cope with (Hinde 1976; van Schaik and van Hooff 1983; Dunbar
1988, 1998; Thierry et al. 2000).

In circumstances where animals must be temporarily separated from their group,
such as for veterinary care, it may be beneficial to bring along a preferred social
partner or pair-mate of the targeted animal. For example, the time it takes to heal
after severe injury or after surgery may be accelerated with the presence of a social
partner due to reduced social stress. However, the presence of a preferred social
partner is not without difficulty, as the social partner takes up additional space in the
veterinary hospital, may interfere with treatment of the ill or injured animal (e.g.,
picking at stiches and bandages), and will also experience separation from the social
group (Flack et al. 2005b; McCowan et al. 2011; Beisner et al. 2016).

Alternatively, veterinarians might favor home-cage treatments for less serious
illness or injury to keep animals in their social group rather than temporarily
relocating them in the hospital. Keeping animals in their normal social environment
for the duration of veterinary care has the added benefit of avoiding removal of key
individuals that uphold the stability of the group.

Take-home messages regarding affiliative relationships and welfare
• Affiliative interactions such as grooming offer physiological benefits including

lower heart rate, increased endorphin production, and reduced GC levels.
• Having strong social bonds can allow social buffering against the negative effects

of stressful conditions and improve longevity and survival.
• An animal’s position in the network and the higher-order structure of the network

affect welfare by influencing both disease transmission and susceptibility to
infection. Animals with more social connections, both direct and indirect, have
greater potential exposure to infect others, yet by having more social connections
they may also be socially buffered against infection by preventing immune
suppression and thereby lowering susceptibility.

• Colony managers can promote good welfare by monitoring whether animals have
access to social partners to allow them to cope with daily stressors. Further,
during particularly stressful situations, such as transport to the hospital for
veterinary care, technicians and veterinarians should consider whether home-
cage treatment or allowing access to a preferred partner in the hospital is possible.
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4 Conclusions/Summary

Primates evolved to live in cohesive social groups, and they exhibit complex social,
behavioral, and cognitive adaptations. A species-appropriate social environment is
the most valuable form of enrichment for promoting good welfare in captive
primates. Such environments provide an appropriate context to engage social
adaptations, buffer against stress, and, for research subjects, ensure that subjects
exhibit normal ranges of behavioral, biological, and physiological functioning that
enhance external validity of biomedical research conducted on those animals. The
costs and benefits of sociality vary across individuals, and two primary domains of
social relationships contribute to this balance: social status (a.k.a. dominance) and
affiliative relationships. We have the ability leverage our knowledge of the
relationships between sociality and health and welfare to maximize welfare for
each animal by implementing preventative management strategies (e.g., reducing
competitive interactions by changing distribution of food) and adopting systematic
surveillance methods to detect evidence of individuals experiencing poor welfare.
Ultimately, good welfare benefits not only the captive animals themselves, but also
the various human stakeholders that stand to benefit from these captive populations
of primates.
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Research Benefits of Improving Welfare
in Captive Primates

Steven J. Schapiro and Jann Hau

Abstract

The maintenance of high levels of welfare in captive nonhuman primates is
essential to research. Behavioral management techniques, incorporating sociali-
zation strategies, environmental enrichment procedures, and positive reinforce-
ment training techniques typically result in high levels of species-appropriate
behaviors and low levels of abnormal behaviors. Additionally, these techniques
can yield physiological and immunological response patterns indicative of the
suitability of nonhuman primate subjects for use in biomedical and other types of
research projects. Similarly, subject selection procedures that account for relevant
characteristics of the nonhuman primates (disease status, species, temperament,
etc.) are also likely to positively influence data quality. Behavioral management
procedures and subject selection strategies typically result in fewer confounding
influences on experimental data, resulting in less problematic interindividual
variation in studies that employ appropriate behavioral management techniques.
The implementation of behavioral management refinements results in enhanced
welfare for the subjects, higher quality data, more reliable and robust results, and
potentially, a reduction in the number of subjects required for research projects.
Using positive reinforcement training techniques that allow socially housed,
appropriately selected, nonhuman primates living in enriched environments to
participate in research procedures is critical, if not imperative, to the collection of
reliable and valid data, the foundation of all types of scientific investigations.
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1 Introduction

Managers of animals in captivity are ethically obligated to ensure that the animals in
their care live a good life, in conditions that promote a high state of welfare (Schapiro
2017, other chapters this volume). The present chapter discusses the welfare of
captive nonhuman primates, but rather than focusing on the ways in which particular
management manipulations, e.g., socially housing animals, affect general welfare-
related behavioral measures (e.g., time spent engaged in social behaviors), we will
focus more on the importance of the welfare of the primates as a fundamental
prerequisite for the generation of reliable and valid scientific data. We will identify
specific conditions, manipulations, and/or refinements that are likely to result in
good welfare and therefore good data; and conditions and/or manipulations that are
likely to result in compromised welfare, and therefore, potentially compromised data
(Schapiro et al. 2000). Throughout the chapter, we will discuss several other welfare-
and data-related issues (e.g., animal characteristics, including temperament; gentle
handling) that are associated with ensuring the utility of research findings, and
hence, the value of the scientific contributions made by the animals.

Because this chapter emphasizes the implications of enhanced welfare on the
collection of reliable and valid data, much of the information contained herein will
be derived from studies of nonhuman primates living in laboratories rather than from
nonhuman primates living in the wild, in sanctuaries, or in zoos. However, most of
the findings and implications of the cited work will be applicable to the collection of
data from nonhuman primates in most captive settings.

The majority of this chapter will be organized around the concept of behavioral
management: a system that focuses on refinements to the captive environment that
are intended to influence and enhance the welfare of the animals (Coleman et al.
2012). We will discuss the ways in which socialization strategies, environmental
enrichment plans, and positive reinforcement training techniques affect behavioral
and physiological measures associated with animal welfare (Schapiro et al. 1993).
We will especially emphasize how socialization, enrichment, and training influence
the suitability of nonhuman primates as research models; and even more specifically,
how these types of manipulations and refinements affect the dependent variables that
are likely to be measured in research projects involving captive nonhuman primates
(Schapiro 2002). For example, if nonhuman primates are used for immunodeficiency
virus research, where immunological variables (lymphocyte subsets, cytokines,
proliferation assays, etc.) are of great interest, we will discuss how behavioral
management strategies (e.g., single vs. pair vs. group housing; Schapiro et al.
2000), independent of the experimental manipulations, are related to changes in
immunological parameters.
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To put it rather simply (but quite accurately), “happy animals make good science”
(Poole 1997), and the present chapter is intended to address why competent and kind
care, and attention to the enhancement of primate welfare, is vital for the production
of high-quality science.

It is important to note that the classification of specific behaviors exhibited by
nonhuman primates as abnormal (for review of behavioral assessment see Lutz and
Baker 2022) is vital for assessing welfare and can be accomplished in two ways
(Erwin and Deni 1979; Novak et al. 2017). The first is to consider behaviors that are
observed in captive nonhuman primates, but are never observed in their wild
conspecifics, as abnormal. Repetitive locomotion (pacing) and self-injurious behav-
ior might be two reasonable examples. The second approach is to consider behaviors
that occur in captivity at significantly different (higher or lower) frequencies than
they do in the wild as abnormal, with higher levels of self-grooming as a prime
example. Virtually all primates self-groom in the wild, but relatively few groom
themselves bald. Most ethograms for studying captive primates include both types of
classifications of abnormal behaviors (Honess 2017). It is necessary to consider the
potential effects of abnormal behavior patterns on the integrity of scientific data for
all species of laboratory animals (Garner 2005), not just for nonhuman primates.

Without detailed observations and analyses, many of the more subtle behavioral
abnormalities, especially those related to changes in behavioral frequencies, which
might have clinical implications, would not be recognized. However, such behav-
ioral alterations may be important and adversely affect the value of nonhuman
primate models for certain types of investigations, including the development and
testing of drugs that affect the central nervous system (Shively 2017). For example, it
has been demonstrated that people suffering from anxiety or depression interpret
ambiguous events more negatively than healthy people, a condition referred to as
cognitive bias (Holmes et al. 2008; in relation to primates: Bethell and Pfefferle
2022). Singly housed rhesus monkeys seem to display a similar response, as Bethell
et al. (2012) demonstrated, i.e. a negative shift in cognitive bias following mildly
stressful events compared to periods following feeding enrichment. These data
emphasize the importance of attempting to make certain that nonhuman primate
subjects are minimally stressed, and healthy, when they are used for biomedical
research.

2 Welfare, Behavioral Management, and Scientific Data

As other chapters in this volume and numerous other studies have demonstrated,
nonhuman primates that (1) perform many abnormal behaviors, (2) have heightened
glucocorticoid levels, and/or (3) have “diminished” immune responses (among other
detrimental effects) are likely to be experiencing compromised welfare (Schapiro
2002; Novak et al. 2017). In many cases, we have a very good understanding of the
types of captive environments and management programs that (1) are likely to result
in these kinds of problematic responses and (2) are likely to prevent the development
of these kinds of responses. When nonhuman primates are subjects in scientific
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investigations, it is of the utmost importance, from a data quality perspective, that
they be maintained in environments and conditions that enhance, rather than com-
promise, welfare. Compromised welfare is likely to be associated with a high
potential for the introduction of uncontrolled, confounding factors into the experi-
mental procedures, potentially affecting the interpretation and validity of the data
(Hopkins and Latzman 2017; Shively 2017). Animals that are overly fearful or
stressed, or that are depressed and experiencing other psychological or somatic
problems, may make it difficult, if not impossible, to accurately identify the true
effects of an experimental treatment, and erroneous conclusions may be drawn from
the study (Shively et al. 2005; Shively 2017). In other words, variability in welfare
across subjects and/or treatments may result in increased interindividual variation in
experimental responses, potentially resulting in studies that are less statistically
powerful (more prone to certain types of statistical errors), while requiring more
subjects (Capitanio 2017). Efforts to enhance the welfare of nonhuman primate
subjects, through behavioral management refinements, should result in lower inter-
individual variation (Schapiro et al. 2005; Lambeth et al. 2006), addressing one of
the 3Rs (for review see Prescott 2022) by leading to a reduction in the number of
subjects necessary for many studies (Schapiro et al. 2005; although see Capitanio’s
2017 discussion of the value of individual differences in primate research).

As mentioned previously, we have some reasonably good understanding of the
types of captive environments and management plans that are likely to result in
compromised welfare, and therefore, compromised data. For over 50 years, since
Harry Harlow published his social deprivation work with rhesus monkeys (Harlow
and Harlow 1962), it has been well known that infant monkeys need to be reared in
social circumstances to develop normally (Suomi et al. 1975) and to be appropriate
subjects for scientific investigations. Similarly, more recent work has shown that
nonhuman primates living in nonenriched environments, in which they have large
quantities of empty time, relatively few opportunities to perform species-typical
behaviors, and little or no control over what happens to them, also experience
diminished welfare (Schapiro and Bloomsmith 1995; Xie et al. 2014). And finally,
nonhuman primates that do not participate in positive reinforcement training
programs are likely to exhibit behavioral and physiological responses that differ
from those that have the chance to participate, through training, in aspects of their
care and research experiences (Bloomsmith et al. 2022; Lambeth et al. 2006;
Schapiro et al. 2017).

Not only do we have ideas related to the types of management plans that are likely
to result in compromised data, we also have an ever-expanding understanding of the
types of captive environments and management plans that are likely to result in
enhanced welfare, and therefore, subjects that are likely to yield valuable data
(Schapiro 2017). Again, Harlow’s work (Harlow and Harlow 1962) taught us how
not to rear infant macaques, if they were going to be used in scientific research
projects. Nonhuman primate subjects are now reared and housed socially (McGrew
2017; Truelove et al. 2017), so as to provide data that are useful. Similarly, most
nonhuman primates used in research live in enriched environments (e.g., structurally
complex environments with multiple opportunities to perform species-typical
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behaviors; Coleman et al. 2012; Schapiro et al. 2014, see also Kemp 2022;
Morimura et al. 2022) that seek to minimize the “empty time” experienced by the
animals. Additionally, many nonhuman primates now participate in positive rein-
forcement training programs (Baker 2016) in which the animals voluntarily cooper-
ate in a variety of husbandry, veterinary, and research procedures (Coleman et al.
2008; Magden et al. 2013; Schapiro et al. 2014; Magden et al. 2016; Schapiro et al.
2018).

2.1 Socialization and Data

There are considerable data available that demonstrate that early social deprivation
of nonhuman primates results in a variety of lifelong effects on multiple parameters
likely to diminish the suitability of socially deprived individuals as viable models for
human conditions (Laudenslager et al. 2013; Brunelli et al. 2014). Given the
substantial literature available on the effects of social restriction in nonhuman
primates, including chapters in this volume, there is little need to go into detail
concerning this issue.

Relatively few nonhuman primates live solitarily in the wild, and a social partner
in captivity provides many opportunities for variable, species-typical interactions
(Schapiro et al. 1996), one of the objective measures of good welfare. There are
many examples of single housing being associated with stress responses, and altered
values for the dependent variables that typically comprise the data in many different
types of investigations (Schapiro et al. 2000; Schapiro 2002; Doyle et al. 2008).
Having said this, there are, however, a few other lines of inquiry, specifically some
neuroscience investigations, that can be conducted with nonhuman primates that
take part in, e.g., cognitive tests and/or are housed singly, and that appear unstressed
by living and/or working alone (Slater et al. 2016). Additionally, numerous studies
have demonstrated that social rearing results not only in enhanced welfare, but in
enhanced research suitability as well, with most socially reared animals exhibiting
values for many important parameters that are more representative of the species’
norms (Rommeck et al. 2009, 2011). Perhaps more importantly, comparisons of
singly housed to socially housed older animals that were reared socially when young
indicate that social housing positively affects the utility of these animals as research
subjects (Benton et al. 2013). Schapiro et al. (2000) compared single-, pair-, and
group-housed adult rhesus monkeys on a variety of immunological responses
relevant for immunodeficiency virus vaccine research, identifying numerous statis-
tically significant differences across housing conditions. For most parameters, the
socially housed subjects appeared to yield more relevant data; data that are indicative
of both greater scientific utility/translatability and enhanced welfare.

The stability of social groupings is also important for the collection of data that
are valid and reliable. Capitanio et al. (1998) have shown that male rhesus macaques
living in social groups that were manipulated to be unstable were more likely to be
adversely affected by immunodeficiency viruses than were male rhesus that lived in
stable social groups. Therefore, unstable group composition is another social factor
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that contributes to reduced welfare and hence, scientific data that may be of limited
value. Again, unless one is interested in studying the effects of group instability,
maintaining research subjects in stable social groups is important for promoting
subject health and for obtaining reliable and valid data. This work by Capitanio and
colleagues demonstrates that the composition, and especially the stability, of social
groupings can introduce confounds that can affect the interpretation of research
findings.

Shively and colleagues (Shively et al. 2005; Shively 2017) have identified
“depression” in captive cynomolgus monkeys (Macaca fasciularis), operationalized
as a set of very specific postures and behaviors, which is likely to be indicative of
diminished welfare, and appears to also be affected by social group instability,
among other factors (Shively et al. 2005). Shively and her group have clearly
demonstrated that there are many data- and research-relevant implications of includ-
ing depressed monkeys in non-depression-related research (Shively 2017). These
involve well-documented physiological and neurobiological differences between
depressed and non-depressed monkeys associated with the Hypothalamus-Pituitary-
Adrenal axis (Shively 2002), ovarian function (Shively et al. 2005), atherosclerosis
(Shively et al. 2009), and hippocampal volume (Willard et al. 2009), to name just a
few. This work highlights the importance of using welfare-related behavioral criteria
(depressed posture and behavior) when selecting subjects for scientific studies. The
selection of subjects should be performed carefully to prevent the introduction of
depression as a confounding factor in investigations of other independent variables.

2.2 Enrichment and Data

While a reasonable quantity of data exist that connect environmental enrichment
with enhanced welfare, there are relatively few studies in the literature that directly
connect environmental enrichment practices with the reliability and validity of
scientific data from nonhuman primates (Schapiro et al. 1998; Bayne 2005; Weed
and Raber 2005; Bayne and Wurbel 2014). Among those studying rodents, some
question whether environmental enrichment is beneficial for achieving reliable and
valid data (Eskola et al. 1999; Baumans et al. 2010). Environmental enrichment
practices that promote the performance of appropriate levels of species-typical
(normal) behaviors positively impact nonhuman primate welfare (Schapiro et al.
1998; Coleman et al. 2012) and seem likely to enhance the quality of the data
collected from these animals.

2.3 Positive Reinforcement Training and Data

Positive reinforcement training (reviewed by Bloomsmith et al. 2022), a behavioral
management technique that allows captive nonhuman primates to (1) exert some
control over aspects of their environment by making meaningful choices concerning
the way they are treated and (2) participate in different procedures, has been shown
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to result in behavioral and physiological changes that suggest enhanced welfare
(Schapiro et al. 2001, 2005; Laule et al. 2003; Lambeth et al. 2006; Magden et al.
2013). More importantly, positive reinforcement training can result in data that are
less variable across individuals, which may mean that fewer potential confounds
may influence the analysis and interpretation of the findings.

Training nonhuman primates using positive reinforcement training techniques
generally enhances the welfare of captive nonhuman primates (Laule et al. 2003;
Magden et al. 2013), but more importantly for this chapter, the training enhances the
utility of the data attainable from trained subjects. Training nonhuman primates to
participate in research procedures (1) decreases procedure-related stress for the
subjects and for the people; (2) allows for the analysis of parameters that might
not be measurable in untrained subjects; and again, most importantly for this chapter,
(3) minimizes variability between subjects due to minimizing potential confounds
related to trained behaviors. Melanie Graham’s diabetes-related research program at
the University of Minnesota is an extremely relevant example of the value of training
macaques to participate in mildly invasive research protocols (Graham et al. 2012;
Graham 2017). Physical and chemical restraint of nonhuman primates affects many
of the physiological parameters important for the assessment of treatment effects in
diabetes-related studies. By training nonhuman primate subjects to participate in
drug administration and biological sampling procedures, Graham and colleagues
(Graham et al. 2012; Graham 2017) were able to minimize the potential confounding
effects of restraint on their data.

Lambeth et al. (2006) have also found that positive reinforcement training can
influence general physiological parameters (i.e., complete blood counts, chemistry,
immune responses), and especially immunological parameters, that are assessed in
many research programs. In this study, the method of administering anesthetic to
chimpanzees Pan troglodytes (voluntary present for the anesthetic injection versus a
nonvoluntary injection) affected these stress-sensitive and research-relevant variables.
Subjects trained to voluntarily receive the anesthetic injection had significantly lower
mean total white blood cell counts and glucose levels than did subjects that were
nonvoluntarily anesthetized. Additionally, many physiological and immunological
parameters differed when blood samples obtained from chimpanzees voluntarily,
using the blood sleeve and no anesthesia, were compared to blood samples that were
obtained from chimpanzees after they had been anesthetized (Schapiro et al. 2005).
These results demonstrate that positive reinforcement training can significantly
improve the animals’ utility as biomedical models. Positive reinforcement training,
as a component of a comprehensive behavioral management program, is now practiced
at most primate facilities in the USA (Baker 2016) and is an integral part of Primtrain
(www.primtrain.eu), a European transnational primate center initiative.

It is important to note that in most successful positive reinforcement training
programs, food or fluid control is rarely, if ever, necessary to enhance the motivation
of nonhuman primate subjects. Neither the macaques at the University of Minnesota
(Graham 2017) nor the chimpanzees at the National Center for Chimpanzee Care
(Schapiro et al. 2018), for example, are food- or fluid-deprived. While food or fluid
control is a complicated issue (Prescott et al. 2010; Westlund 2012), such procedures
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are likely to have welfare consequences and seem unlikely to yield experimental data
of the highest quality.

3 Nonhuman Primate Subject Characteristics and Their
Effects on Data

The nonhuman primates that are maintained at most primate research facilities and
that are used in most scientific investigations are, in general, outbred animals that
exhibit considerably more interindividual variation than the genetically defined
rodent strains that are used in the vast majority (nonhuman primates comprise less
than 0.5% of animals that are used in research) of studies involving research animals.
Such genetic variation typically results in variation in how animals respond to both
(1) stressors in the environment that affect measures of welfare and (2) experimental
treatments, and potentially reduce statistical power, thus necessitating the use of
larger sample sizes to test hypotheses. This is contrary to one of the 3Rs (reduction)
and should be avoided when possible. However, the consequences of increased
interindividual variation may not be all bad (Capitanio 2017), and a recent article by
Vallender and Miller (2013) suggests that the genetic variability of nonhuman
primates makes them particularly useful as translational research models. The
development of personalized biological therapies, combined with advancements in
functional genomics and studies of genetic variation in nonhuman primates
(Hopkins and Latzman 2017), allow for the establishment of better, targeted models
and techniques to evaluate therapies for human diseases.

Different species of nonhuman primates are differentially affected by captive
management procedures in general, and especially by behavioral management
procedures (Schapiro 2017). Socialization, enrichment, and training techniques
that work for rhesus macaques (Macaca mulatta; Gottlieb et al. 2017) may not be
as successful for African green monkeys (Chlorocebus spp.; Jorgensen 2017) or owl
monkeys (Aotus; Williams and Ross 2017). Even closely related species, such as
rhesus, cynomolgus, and bonnet macaques (M. radiata) differ with respect to their
(hormonal) responsiveness to certain stressors (Clarke et al. 1988; Gottlieb et al.
2017; Honess 2017). Similarly, titi (Callicebus spp.) and squirrel (Saimiri spp.)
monkeys show very different hormonal responses to stressors (Mendoza and Mason
1984) with titi monkeys being considerably less adaptable to some captive manage-
ment protocols (Poole 1997), especially single housing.

3.1 Pathogens and Data

Although nonhuman primates can be reasonably conveniently obtained from high-
quality, microbiologically defined (Specific-Pathogen-Free, SPF) breeding colonies,
the situation is considerably different from the situation for laboratory rodents. SPF
rodents are routinely used in research, and there are relatively few welfare problems
reported. SPF nonhuman primates, however, must be carefully “derived” and
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subsequently housed, with strict attention paid to the welfare consequences and
pathogen-related consequences of the derivation techniques and housing strategies
employed. Animals that are pathogen-free, but behaviorally abnormal, may not be
particularly useful for research. Derivation techniques that account for both favor-
able welfare and pathogen outcomes exist and have been successfully employed by
our group (Schapiro et al. 1994; Schapiro and Bernacky 2012) and by others
(Hilliard and Ward 1999; Budda et al. 2013).

Nonhuman primates that are not SPF, and that enter research colonies or projects,
could be carriers of clinically silent or dormant infections. Different species of
nonhuman primates are natural hosts for several exogenous retroviruses, including
gibbon-ape leukemia virus, simian sarcoma virus, simian T-cell lymphotropic virus,
simian immunodeficiency virus, simian type D retrovirus, and simian foamy virus
(Wolf et al. 2010). These viruses may establish persistent infections, the effects of
which can range from high levels of pathogenesis to no pathogenesis, depending on
various host, virus, and environmental factors. Latent or subclinical infections are
common, and stress associated with research procedures may stimulate virus activation
and consequently, clinical disease. Lerche and Osborn (2003) reviewed the adverse
effects of undetected retroviral infections on toxicological research and found that such
infections occur and may result in the loss of experimental subjects and statistical
power, due to increased morbidity and mortality. Toxicological findings were discov-
ered to be confounded by virus-associated abnormalities, such as pathological lesions
and alteration of physiologic parameters. Macaques are hosts to a range of herpes
viruses that cause persistent, latent, lifelong infections. Primary infection of macaques
with normal immune responses is typically subclinical, with associated morbidity and
mortality being quite rare. However, among affected animals, immune modulation or
suppression can result in disease, and even death (Simmons 2010). Immunosuppres-
sive drugs, like tacrolimus, and irradiation may also reactivate viruses (Mahalingam
et al. 2010). For these reasons, SPF primates are highly desirable subjects for many
nonhuman primate research projects, with behaviorally normal SPF primates the most
desirable, and, in some cases, the only suitable, subjects.

3.2 Temperament and Data

Recently, considerable effort has been devoted to studying the temperament, or
personality, of animals, particularly nonhuman primates (Capitanio et al. 2011;
Freeman et al. 2013; Coleman and Pierre 2014). While many of these investigations
originally focused on theoretical issues associated with temperament (Freeman et al.
2013; Latzman et al. 2017), more recent publications have emphasized applied
aspects of understanding nonhuman primate temperament (Robinson et al. 2016,
Capitanio 2017; Coleman 2017; reviewed by Robinson and Weiss 2022). One
applied area has revolved around selecting subjects identifying those animals that
are best suited for particular types of research protocols; for instance, animals that
score highly on exploratory temperament dimensions may be more appropriate for
certain studies compared with animals that do not (Capitanio 2017). Some of the
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motivation for this approach has been to enhance welfare by not selecting
individuals to be used in projects and procedures that they may be ill-equipped to
deal with. An example of this would be to avoid individuals exhibiting a nervous
temperament for infectious disease studies, because these individuals show evidence
of glucocorticoid desensitization and have physiological characteristics with a
potential impact on their inflammatory responses to infection. Another aspect
motivating the application of temperament assessments for subject selection has
been to minimize interindividual variation by matching temperaments across control
and experimental subjects. This work suggests quite clearly that evaluating temper-
ament can enhance both the welfare of nonhuman primate subjects and the utility of
the data which they “produce” (Capitanio 2017; Coleman 2017).

4 Acclimation and Data Quality

Capture and confinement of wild nonhuman primates is associated with severe
stress, as demonstrated in some detail by studies of newly captured African green
monkeys (C. aethiops; Else 1985), which are more stress-prone than, for example,
baboons (Papio spp.). Recently captured African green monkeys exhibited a wide
range of abnormal biological characteristics when maintained in captivity, including
persistently high cortisol levels, immunosuppression, enlarged adrenal glands, gas-
tric ulcers, and hippocampal damage (Uno et al. 1989; Suleman et al. 1999, 2000,
2004). An investigation of fluctuations in hematological values of 50 wild-caught
African green monkeys during habituation to captivity demonstrated that adaptation
periods of at least several months appear to be necessary (Kagira et al. 2007). The
large variations observed between individuals on many parameters suggest that
within-subjects designs, employing comparisons to baseline values for each individ-
ual, may be required to minimize interindividual variance when African green
monkeys are used in research projects. This confirms earlier findings (Else 1985)
that complete adjustment to captivity took a minimum of one year. Additionally, the
establishment of stable breeding groups of adult African green monkeys was initially
difficult due to fighting among females (Else 1985). These findings clearly demon-
strate that wild-caught African green monkeys show stress-induced biological
abnormalities during the early phases of their adaptation to captivity that are so
severe that they should not be considered suitable as animal models in biomedical
research until they have spent approximately one year in captivity. Consequently,
from an ethical point of view, the use of wild-caught African green monkeys in
biomedical research is criticizable.

While the stress associated with capture from the wild and relocation to captive
conditions is likely to be considerably more severe than the stress associated with
transport and relocation from one captive setting to another, there is evidence from
multiple nonhuman primate species that such relocation-related manipulations are
also likely to adversely affect the quality of research data. Chimpanzees (Schapiro
et al. 2012; Neal Webb et al. 2018), macaques (Capitanio et al. 2005; Fernström et al.
2008; Koban et al. 2010; Nehete et al. 2017; Shelton et al. 2019), owl monkeys
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(Williams et al. 2010), and squirrel monkeys (Williams et al. 2010) all display
behavioral and/or physiological changes as a function of relocation to different/
new captive conditions. It would not be appropriate in any of these circumstances to
begin a study immediately upon the animals’ arrival in their new research setting. In
general, acclimation periods, ranging from 6 weeks to 6 months, which involve the
implementation of numerous behavioral management techniques (e.g., enrichment,
socialization, training), should be required prior to study enrollment and the initia-
tion of data collection. Even social separations for periods as short as three hours can
result in changes in immunological responses (e.g., proliferation responses to con-
canavalin A in juvenile squirrel monkeys; Friedman et al. 1991). Efforts must be
made to restore, maintain, and enhance the welfare of nonhuman primates, prior to
their use in research projects, when moving from one facility to another. Such efforts
should include behavioral conditioning (see above) at the facility of origin
(Fernandez et al. 2017), any intermediate facilities, and of course, at the facility at
which the research is taking place (Schapiro et al. 2014).

5 Animal Handling and Data Quality

Nonhuman primates are naturally fearful of people and kind, gentle, confident
handling is crucial to avoid unnecessarily stressing the animals. Even routine hus-
bandry procedures may cause nervousness and increases in heart rate for up to two
hours after the event (Line et al. 1989). When possible, minor procedures should be
carried out with (1) minimal disturbance and restraint and (2) the use of positive
reinforcement training techniques, because the animals are likely to respond with a
stress response to restraint and/or unfamiliar surroundings/procedures. The cortisol
response of single-caged adult female rhesus monkeys during venipuncture in a
restraint apparatus was compared with the cortisol response of 10 paired and five
single-caged adult female rhesus monkeys during venipuncture in the home-cage.
Results demonstrated that in-home-cage venipuncture offers a methodological refine-
ment for research protocols that require blood collection from undisturbed animals
(Reinhardt et al. 1990). Using positive reinforcement training to allow nonhuman
primate subjects to participate in blood sampling procedures (Schapiro et al. 2005;
Lambeth et al. 2006; Coleman et al. 2008; Graham et al. 2012; Reamer et al. 2014;
Graham 2017; Magden 2017) is simply the next refinement in animal handling.

6 Multiple Protocols, Re-Use, and Data Quality

Nonhuman primates often are used in multiple research projects during their lifetime.
Protocols early in the nonhuman primates’ life may influence the animals’ mental and
physical health, and the quality of the data they generate later in life. Hau and Schapiro
(2007) advocated the importance of maintaining records for individual nonhuman
primates that contain not just their medical and experimental protocol histories, but
also critical aspects of their psychological histories. Such psychological factors might
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include the nonhuman primates’ social housing experiences, personality/temperament
assessments, any special behavioral tendencies they may exhibit, and the numbers and
types of studies in which they have been used (Neal Webb et al. 2019b). These data will
facilitate the process of monitoring individual cumulative severity (lifetime experience,
Wolfensohn et al. 2015) and the potential welfare effects of using nonhuman primates
in experimental protocols. The extended welfare assessment grid, as conceived and
developed by Honess and Wolfensohn (Wolfensohn 2022; Honess and Wolfensohn
2010), is designed to facilitate ethical oversight, and to draw attention to the temporal
and cumulative effects on welfare that may be overlooked during the planning and
implementation of research projects when nonhuman primate subjects are used in
multiple (sequential) protocols.

In addition, maintaining the welfare of research veteran and/or aged nonhuman
primates requires a considerable amount of special attention. Nonhuman primates
develop many of the same diseases and maladies that older humans do, including
type 2 diabetes (Reamer et al. 2014; Graham 2017), obesity, arthritis (Magden et al.
2013), and dementia (Darusman et al. 2013, 2019; Edler et al. 2017). Consequently,
special care must be provided to aging nonhuman primates to maintain their welfare
and scientific value, including the use of acupuncture, laser therapy, implantable
cardiac monitors, and weight management (Magden et al. 2013, 2016; Lambeth et al.
2013; Neal Webb et al. 2019a).

7 Conclusions

A focus on the maintenance of high levels of welfare among captive nonhuman
primates is essential to generate reliable and robust research data when they are used
as models in biomedical research. Behavioral management techniques, incorporating
socialization strategies, environmental enrichment procedures, and positive reinforce-
ment training techniques typically result in high levels of species-appropriate behaviors
and low levels of abnormal behaviors. Additionally, these techniques can also yield
physiological and immunological response patterns indicative of the suitability of
nonhuman primate subjects for use in biomedical and other types of research projects.
Similarly, subject selection procedures that account for relevant characteristics of the
nonhuman primates (disease status, species, temperament, etc.) are also likely to
positively influence data quality. Behavioral management procedures and subject
selection strategies typically result in fewer confounding influences on experimental
data, resulting in less problematic interindividual variation in studies that employ
appropriate behavioral management techniques. The implementation of behavioral
management refinements results in enhanced welfare for the subjects, higher quality
data, and eventually, an increase in scientific robustness of the studies and a potential
for reduction in the number of subjects required for research projects. Using positive
reinforcement training techniques that allow socially housed, appropriately selected,
nonhuman primates living in enriched environments to participate in research
procedures is critical, if not imperative, to the collection of reliable and valid data,
the foundation of all types of scientific investigations.
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Enrichment

Caralyn Kemp

Abstract

Enrichment is a vital component of husbandry and housing practices for captive
primates. Primates in enriched environments are better equipped to cope with the
challenges of captivity, make for more reliable research subjects, and are physi-
cally and psychologically healthier compared to animals in unenriched
environments. Enrichment is more than just “giving animals toys.” At best
practice, the application of enrichment occurs as part of a well-thought-out
program with set goals and consideration of the five main types of enrichment
(social, physical, food-based, sensory, and cognitive), and is modified using an
evidence-based approach. This latter point is particularly important as without
assessment it is not possible to determine if an enrichment item is actually
enriching the lives of the target animal or animals. In this chapter, I discuss
what enrichment is and is not, the principles for developing effective enrichment
programs, and a range of ways enrichment can be applied easily and cheaply.
Enrichment should be assessed for effectiveness, with results, whether positive or
negative, published to help inform the primate care community in making more
appropriate decisions when designing and applying enrichment.

Keywords

Enrichment · Animal welfare · Assessment · Animal husbandry

C. Kemp (*)
School of Environmental and Animal Sciences, Unitec Institute of Technology, Auckland,
New Zealand
e-mail: ckemp2@unitec.ac.nz

# Springer Nature Switzerland AG 2023
L. M. Robinson, A. Weiss (eds.), Nonhuman Primate Welfare,
https://doi.org/10.1007/978-3-030-82708-3_20

463

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-82708-3_20&domain=pdf
mailto:ckemp2@unitec.ac.nz
https://doi.org/10.1007/978-3-030-82708-3_20#DOI


1 Introduction

The provision of stimuli to enhance the captive environment for primates is essential
for their physical and psychological wellbeing (Shepherdson et al. 1998). These
stimuli are commonly known as “enrichment,” but, as will be discussed, enrichment
is more than just the provision of “toys” and other items to make an environment
seem complex and interesting. Given the topic of this book, I am specifically
referring to primates and enrichment for primate species; however, the guidelines
and principles outlined in this chapter are relevant to captive animals in general and
can be applied widely regardless of species. The use of enrichment traditionally
stems from an identified need to combat abnormal, stereotypic, and repetitive
behaviors in captive animals (Swaisgood and Shepherdson 2006). However, at
best practice, it is a husbandry principle, aiming to enhance the quality of the captive
environment (Shepherdson et al. 1998) and facilitate natural behaviors (Hosey
2005). Ultimately, prevention of the development of abnormal behaviors is better
than treatment. Thus, the application of enrichment stimuli should aim to reduce the
likelihood that negative and unwanted behaviors will arise by encouraging species-
appropriate behavior, meeting physical and psychological needs, and adding an
element of control and predictability to the captive environment. Enrichment does
not just improve behavioral diversity; enriched primates have fewer health
complications compared to animals in unenriched environments, which leads to
lower medical upkeep, and enriched primates are more likely to breed successfully
and produce healthy offspring (Newberry 1995; Ventura and Buchanan-Smith
2003). Furthermore, enrichment demonstrates to the general public that an active
approach to the improvement of the welfare of animals in our care is taking place
(Kutska 2009).

Enrichment is often viewed as an “add-on.” That is, it is something to be
considered, created, and applied when care staff have spare time. Yet, enrichment
has been the cornerstone of the improvements we have seen in the housing of
primates in all types of facilities (zoos, research laboratories, and breeding facilities)
in recent decades. Without enrichment, primates would still be housed in barren
cages. To suggest that enrichment is not a vital component of husbandry is
underestimating its importance and value. Effective enrichment does not need to
be complex or expensive. In fact, enrichment items should be easy to set up, apply,
remove, and/or clean as necessary to encourage continued use. Simple, cost-
effective items can be applied for the purpose of enrichment and have a large impact
on animal welfare. However, it is not just a matter of throwing in some “toys” and
assuming that this will be sufficient. Instead, an enrichment program with carefully
set goals should be designed. Without goals, there is no guarantee that the animals
and their environments are being enriched appropriately. It is important to note that
any stimulus or item used for the purpose of enriching the captive environment
should not be called “enrichment” unless evidence has demonstrated that it is used
by the animal or animals in the manner in which it was intended and achieves an
appropriate goal (Newberry 1995; Hosey et al. 2013). The overuse of the term
“enrichment” has led to a widespread belief that enrichment is commonly actively
applied in captive settings and is occurring simply because a stimulus is named as
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such. This is obviously a misnomer; giving an item the name of enrichment does not
make it enrichment. Stimuli can only be considered as alleged enrichment until an
assessment has confirmed the desired effect (Clark et al. 2005; Clark and King 2008;
Hosey et al. 2013). Good intentions and assumptions are not enough. Assessment of
how the primates use the stimuli will help to get the best out of the enrichment, and
these positive outcomes should inspire further application (see Sect. 6).

In this chapter I examine the aims of enrichment, the development of enrichment
programs, safety considerations, and the five main different types of enrichment
(social, physical, food-based, sensory, and cognitive). Novel approaches to enrich-
ment are discussed, including the use of comparative psychology experiments to
provide more complex challenges than can otherwise be designed using more
naturalistic and traditional approaches. The chapter concludes with a discussion on
the assessment of the effectiveness of enrichment items.

2 Aims of Enrichment

Enrichment is used to create a complex captive environment (Buchanan-Smith
2010). More specifically, the use of enrichment should improve or maintain a
primate’s physical and psychological health, provide opportunities for a diversity
of species-specific behaviors to be displayed, increase the utilization of the environ-
ment, prevent or reduce the frequency of abnormal and unwanted behaviors such as
stereotypies (Mason et al. 2007), and increase an individual’s ability to cope with the
challenges of captivity (Jennings and Prescott 2009; Young 2003). Enrichment
increases the options for choice; choice is linked to control and predictability,
which are important for welfare (Buchanan-Smith 2010; Gottlieb et al. 2013; Videan
et al. 2005).

Enrichment provides opportunities for primates to make choices about how,
when, and where they will interact with their environment (Buchanan-Smith
2010). It is important to note that choice within the enrichment context requires
the application of multiple stimuli within the same category of enrichment. That is,
having a choice of nesting areas, for example, where one area has a soil substrate,
another is a fire hose hammock, and a third can be made by the primate from browse,
is not the same as having multiple soil-based nesting areas and multiple browse- and
hammock-based nests. By providing options, we are asking the primate to show us
what they prefer. Preference testing is an ideal method to determine what an
individual would choose if given the choice (Buchanan-Smith 2010) and creates
an opportunity to determine consumer-demand (Schapiro and Lambeth 2007). It is
important to note that the primate’s preferences can be moderated by the presence of
other options and factors (Bateson 2004; Hubrecht 2010; Buchanan-Smith 2010).
The preference is not ultimate; it is only based on what is available.

The most common aim for enrichment is the generation of a behavioral change in
the target animal or animals (Hosey et al. 2013). This is a very broad aim and can
result in the application of unsuitable and ineffective stimuli. Therefore, the specifics
of these aims need to be clarified. For example, care staff for an orangutan set a goal
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to increase the time the orangutan spends locomoting each day. They set up climbing
ropes in the animal’s enclosure. However, across the first fortnight, the orangutan
was observed pacing more than she had done so prior to the introduction of the ropes
and does not use the new climbing features. Given the goal was to increase the time
the orangutan spent locomoting, the rope can be considered as successful enrich-
ment, as pacing is a form of locomotion. If the goal had been to encourage an
increase in climbing-based locomotion, then the rope would be deemed as ineffec-
tive. This is why having specific goals, and avoiding vague and broad aims, is
important.

Consideration of these details in the target behavior will help to set achievable,
measurable goals. When we begin to think about applying stimuli, it is easy to
become caught up in the “what”—What will I give to these animals? However, there
are other questions which should be asked first; the answers generated will help to
guide the goals and determine what stimulus or stimuli will be most appropriate
(Table 1). When these questions are asked, enrichment is considered in more holistic
terms and allows for the development of an enrichment program.

3 Enrichment Program

Developing an enrichment program helps to fulfill the overall aims described above,
reduce the likelihood that stimuli become boring, and ensures that the various types
of enrichment (see Sect. 5) are covered. An enrichment program aids in the applica-
tion of stimuli using a pre-determined roster, rather than applying items ad libitum.
The rotation of items can be on a weekly, fortnightly, monthly, or even yearly basis,
and is dependent on the type of enrichment. For example, food-based enrichment
will most likely have a weekly or fortnightly rotation, while a pile of snow may only
be applied once a year (in areas where snow is not part of the normal environment).

Table 1 Questions to consider when determining the most appropriate item to achieve any
given goal

Question Example

Why Why do these animals need enriching? Why is this behavior occurring/not occurring?

When When do these animals need to be enriched? When is an undesirable behavior most
likely to occur? When was enrichment last given to this animal or animals?

How How will the enrichment be applied? How does the enrichment need to look
(naturalistic versus artificial)? How many items will be needed? How long should the
enrichment be made available to the animal or animals? How many animals are in the
group? How will the enrichment be assessed?

Where Where should I apply the enrichment? Where does an undesirable behavior occur?

Who Who is receiving the enrichment? Who might monopolize the enrichment? Who
might be adversely affected by this enrichment?

What What type of enrichment will encourage natural behaviors? What enrichment is
suitable for this environment? What are the potential risks of this stimulus? What
should this item achieve? What are the physical requirements of the animal or
animals?
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Variability in access to an enrichment device is the most effective way to maintain
long-term interest (Csatádi et al. 2008; Kuczaj et al. 2002). The enrichment program
also aids in the adjustment of goals over time for both groups of animals and
individuals; these goals need to be evaluated and updated throughout an animal’s
lifetime, according to its needs (Coleman and Novak 2017).

The S.P.I.D.E.R. Framework (Set Goals—Plan—Implement—Document—Eval-
uate—Readjust; Colahan and Breder 2003), developed at Disney’s Animal King-
dom, is a step-by-step method which can be incorporated within an enrichment
program and aids in the development of appropriate and effective enrichment
stimuli. This tool guides the user through the process of considering which behavior
or behaviors to target, setting goals for increasing or decreasing the prevalence of
performance of the behavior or behaviors, planning the creation and implementation
of enrichment, applying the enrichment item, recording how an animal uses the item,
and evaluating the effectiveness of the item in achieving the original goal. Using this,
or a similar, method, the application of enrichment becomes a thoroughly thought-
out process, rather than a haphazard approach.

An enrichment program should ideally be designed by a committee representing a
variety of agendas and viewpoints. Care staff/keepers, veterinarians, behavioral
researchers, welfare officers, and nutritionists will all have important inputs into
the type of enrichment needed. Brain-storming and the development or use of
established, goal-setting tools, forms and databases will help this process (e.g.,
Disney n.d.). Table 2 lists questions and considerations the committee should
consider while designing an enrichment program.

While the specifics may change between species, there are general principles of
successful enrichment programs (American Society of Primatologists 2016). These
include awareness of the species’ natural history, the housing facility, safety
concerns (Sect. 4), appropriate goals, the needs of individual animals, and evaluation
of effectiveness (Sect. 6). The species’ normal behavior, activity levels, ecological
niche, natural foraging behavior, social system, environment (e.g., terrestrial or
arboreal), and sensory system will help to determine which stimuli are suitable
(Lutz and Novak 2005). Due to overlaps in natural history, some enrichment may
be applicable to multiple primate taxa. However, generalizations cannot always be
made and success with one species or even group may not translate to another
(Jennings and Prescott 2009; Lutz and Novak 2005; Maple and Finlay 1989;
National Research Council 2011).

Enrichment programs also need to consider the housing facility. Many zoos
prefer the use of naturalistic enrichment when their exhibits are designed to resemble
a primate’s natural habitat. While animals require complex environments, there is
limited evidence to suggest that this environment needs to be naturalistic (Jacobson
et al. 2017); however, zoo visitors certainly prefer naturalistic enclosures when
viewing animals, and their assessment of welfare is influenced by this setting
(Davey 2006; Ross et al. 2012; Lukas and Ross 2014; Razal and Miller 2019).
This preference has certainly had a large influence on the development of more
natural-appearing enclosures in zoos. Primate research and breeding facilities are
less likely to be affected by these viewpoints. However, it is important to note that
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Table 2 Questions to consider when developing an enrichment program

Questions Considerations

What are the overarching goals? Ideally, enrichment should provide
opportunities for animals to display their full
behavioral repertoire and prevent the
development of abnormal behavior. However,
enrichment is most commonly applied
retrospectively.

What items should be considered for use?

What are the goals for individual items?

Should items go through a wider approval
process?

If a committee represents only one or two
viewpoints (e.g., care staff only), items can be
assessed for their suitability and
appropriateness with an application form. The
form should detail:

• The species in question
• The behavior the enrichment is designed to
encourage

• The type of item
• Estimated set-up time and financial costs
• Safety concerns
• Improvements to previously rejected or
questioned items

• Staff from whom approval is being sought

Where will items be placed?

Do additional items need to be purchased or
created?

• How will new items be generated?
• Is there a budget?
• Redundancy in the case of overlap with
already established items

What are the safety considerations for each
item (see Sect. 4)?

What are the ideal behaviors the species should
be exhibiting?

What behaviors need to be targeted by
enrichment to try to increase or decrease their
frequency?

All components of the behavior need to be
considered. For example, eating is the end
result of foraging for food. Foraging may
include physical and visual searching of the
environment and solving tasks to gain access to
the food. The process of eating and the
mechanical requirements will be dependent on
the type of food.

How will enrichment items be assessed and
documented to determine their effectiveness
for both the general goals and for individual
animals (see Lutz and Novak 2005)? The
committee should generate a general
enrichment analysis datasheet which can be
used for any item.

(continued)
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Table 2 (continued)

Questions Considerations

What are the size limitations?

How might husbandry (e.g., ease of cleaning)
be affected by the application of the
enrichment?

How will a roster for the enrichment be created
and what needs to be considered in the
formulation of the roster?

• The number and type of enrichment items
available

• How many items should be available to the
primate(s) at any one time

• The number of animals
• The use and goals of the items
• When items should be applied and how long
the animal(s) should be exposed to them

• The number of food-based items within the
schedule and the prevalence of additional
sugary treats

• The needs of the animal/s
• The interest in the items. Highly desirable
items need to be numerous in order to avoid
hoarding by a single animal (Honess and
Marin 2006)

• The permanency of the items. For example:
– Structural enrichment and housing items
are long-term items and would not be
alternated more often than every few weeks
– Food-based items are short-term and
would need to be changed daily
– Destructible items, such as cardboard
boxes, should be removed after a day or two
at the most
– The ratio of enrichment items (especially if
it is specialized, such as a feeding item) to
number of animals within the group

• The accessibility to items. This will depend
on:
– The social structure of the group—high
ranking primates of species with rigid social
structures are more likely to have access to
desirable enrichment items than low ranking
animals (Bloomstrand et al. 1986)
– The location of items—enrichment placed
up high may not be easily accessible to older
individuals with limited mobility

(continued)
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Table 2 (continued)

Questions Considerations

How will the individuals within a group or
collection be catered for in the program?

• Who gets the enrichment?
• Are there any animals within the group or
collection which often display signs of stress
and stereotypy? They may require more
enrichment than other individuals.

• Consideration of individual responses as
different animals may not benefit from each
enrichment item in the same way (e.g., see
Buchanan-Smith 2010).

•What is the composition of the primate group/
collection and how might these factors affect
the ability to engage with enrichment items?
Considerations should include age and sex
(Coleman et al. 2012), mobility (Waitt et al.
2010), disability (Fig. 1), disease, injuries old
or new, and use (research or human-animal
encounter animals), as well as multi-species
enclosures.

What emergency procedures will be put in
place in the case of adverse reactions to
enrichment items?

How will a reduction in interest in enrichment
items over time be determined and how will
enrichment fatigue be combated?

Decline in interaction with enrichment items
can occur over a short—a single day (e.g.,
Crockett et al. 1989)—or long—weeks or
months (e.g., Kessel and Brent 1998)—period.

How often should the goals be assessed and
updated?

Fig. 1 Catering to different
physical abilities is important.
These puzzle balls are
manageable for this lemur
(Lemur catta), despite it
missing a forelimb, to
manipulate by rolling the ball
so the food inside falls out.
This type of enrichment
provides an appropriate food-
based challenge and avoids
placing food in simple bowls.
Photo credit unless otherwise
stated: C. Kemp
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enrichment items which may not be suitable for display areas can be used behind the
scenes in the animals’ night dens. These areas, being typically small and
unstimulating, may require more enrichment, especially when the animals’ main
living areas are inaccessible due to cleaning, refurbishment, or nighttime lock up.

3.1 Designing an Enrichment Program

A thorough and laid-out program will help ensure that multiple aspects of behavioral
and ecological needs are considered and covered. An enrichment program helps
develop overarching goals; individual stimuli are then determined to help achieve
these goals while having smaller aims of their own. For example, a program may
determine that enrichment is needed to encourage activity, reduce the animal’s
weight, occupy its time, and provide opportunities for natural foraging behavior
(see example in Table 3). Multiple stimuli may be applied to achieve these goals and
it is unlikely that any one item will achieve all four. In this example, two items are
considered: a climbing structure and a puzzle feeder. Individually, they have partic-
ular goals. The aim of the climbing structure is to provide the opportunity for the
primate to utilize its arboreal skills, while the puzzle feeder makes accessing food
more challenging. If the puzzle feeder is placed high on the climbing structure, then
the primate is forced to move off the ground to access it, thereby encouraging
activity and helping in the goal of weight loss. The puzzle feeder helps to occupy
the primate’s time and by being placed arboreally provides the opportunity for a tree-
dwelling primate to perform a more natural foraging behavior. This combination
results in an accumulative effect for the achievement of the original goals.

4 Safety Considerations

The potential dangers of any enrichment item should be carefully considered and
assessed prior to incorporation into an enrichment program (Hare et al. 2008; Young
2003). First, the species’ size, temperament, behavior, ecological needs, and strength
need to be taken into consideration. What is suitable for chimpanzees, for example,
may not be suitable for tamarin species. Small, dexterous fingers may get caught in
small holes that larger digits will not be able to access. Chimpanzees are also more
capable of breaking items than tamarins and so durability needs to be considered.
Table 4 lists other safety considerations which need to be addressed before any
stimulus is applied.

While physical safety concerns are often well considered, it is easy to overlook
potentially detrimental psychological effects (see Hoy et al. 2010), including fear
and boredom. Primates who show extreme avoidance or fear toward new and
unfamiliar objects, food, or situations (neophobia) may respond aversively to seem-
ingly benign, novel stimuli. This may be especially important when enrichment
items are introduced to an individual or group for the first time. Although some
primates may overcome their hesitancy toward some novel stimuli with repeated
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exposure, other individuals may continue to exhibit signs of fear. Understanding
which features of enrichment items may trigger such responses will be essential to
avoid compromising a primate’s welfare.

It is possible to incorporate acclimatization (habituation) toward enrichment items
as part of a training program, slowly introducing the item and positively rewarding
and reinforcing any interactions (personal experience; also, Brendan Host, personal
communication). This is not an area which has received much attention in the
literature. There may be some concerns that training an animal to use an enrichment
device negates the potential benefits and removes the option of choice. However, the
intention of this process is to demonstrate to the animal, in a safe environment with a
trainer the animal trusts, that an item poses no threat and can be engaging. The goal
with this method is to later provide opportunities for the animal to choose to interact
with the item on their own, once they no longer show aversion in training sessions.
Ultimately, this method desensitizes individuals to perceived “aversive” stimuli by
associating positive experiences with interactions between the animal and the stim-
ulus. This is similar to the process of social learning, in which individuals watch how
conspecifics respond toward new stimuli (e.g., Addessi and Visalberghi 2006).
However, it is important to note that this training method differs from the more
common approach of associating new stimuli with food. Care staff will often place
desired food items on new objects, to encourage the animal to approach. This then
creates an association between the item and food; the value of the item lessens in the
absence of food. From personal experience, once the food has been consumed, it is
common for animals to lose interest in non-food-based enrichment items which were
originally combined with food to elicit exploration. Therefore, it is recommended
that non-food-based enrichment items are presented to the individual or group
without food, to allow the animal or animals to choose how they want to interact
with, or avoid, the stimulus.

Table 4 Safety concerns to address before applying enrichment items

Concern Example

Choking hazards Small items or items with removable pieces

Contagions Bacteria spread by sharing enrichment items between housing without
cleaning

Toxicity Paints

Weaponry Parts or whole items which can be used as weapons, particularly small, heavy
objects

Sharps Staples in magazines, edges of items, exposed nails

Strangling
hazards

Loose thread, loops, large holes, gaps

Length Short pieces of hose which can only be secured at one end or long items
which may be used to escape open-air enclosures

The individual
animal

Temperament, age (Reinhardt 1990; Lutz and Novak 2005), sex (Novak
et al. 1993; Parks and Novak 1993), disabilities, and the past experiences of
the animals
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Boredom is another issue which needs to be considered for safety reasons
(Buchanan-Smith 2010). When primates lose interest in an item, they may begin
to interact with it in a manner that was not intended. Given their dexterous fingers
and strong jaws, primates will often pick pieces off the item or try to pull it apart.
This can result in damaged investments or small pieces which an animal may try to
eat and possibly choke on.

It is essential to always observe animals with any new enrichment items to ensure
that there are no dangers in the use of the stimuli and to be able to intervene quickly if
necessary. Some enrichment items are suitable for long-term use (e.g., durable and
structural enrichment) while others should be removed within a short-time span (e.g.,
destructible items). Items which are repeatedly used should be inspected regularly
for points of weakness (e.g., areas which have been chewed on) or potential hazards
(e.g., loose threads). The Shape of Enrichment database has a list of safety concerns
identified by care staff worldwide for different enrichment items and the species for
which they are used (The Shape of Enrichment n.d.).

5 Types of Enrichment

Enrichment is typically divided into two types: social and inanimate (Lutz and
Novak 2005). Within the inanimate division, there are four general categories
(Bloomsmith et al. 1991; Buchanan-Smith 2010; Keeling et al. 1991): physical
(also known as environmental and/or structural), food-based, sensory, and cognitive
(including training). Enrichment can also be categorized as occupational (Coleman
et al. 2012), novel (Britt 1998a; Csatádi et al. 2008; Paquette and Prescott 1988),
manipulative, cooperative, and emotional (Morris et al. 2011). It is likely that any
given enrichment item falls into multiple categories. For example, a frozen food item
is both food-based enrichment and sensory enrichment.

5.1 Social Enrichment

Most primates are social, or at the very least classified as semi-social (e.g.,
orangutans, Pongo spp.) (de Waal 1991). Group housing is one of the most impor-
tant aspects of captive primate welfare and is essential for normal development
(Ventura and Buchanan-Smith 2003), the promotion of typical species-specific
behavior (Bourgeois and Brent 2005; Lutz and Novak 2005; Leonardi et al. 2010),
and reducing the occurrence of abnormal behaviors (Sackett et al. 1982; Lutz and
Novak 2005). Furthermore, social housing can also result in individuals engaging
with other forms of enrichment more often than do individually-housed primates
(e.g., macaques: Line et al. 1991; Novak et al. 1993).

Creating opportunities for social interactions, such as allogrooming, huddling,
and play (Fig. 2), promotes physical and psychological health (Hutchins and Barash
1976; Reinhardt 1989). These interactions help to develop and maintain social
bonds. Group-housed primates show a resistance to stress and stressful events, as
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well as better recovery from aversive experiences (Young et al. 2014) and an
improved ability to cope with change, compared to individually-housed primates
(Levine et al. 1978; Coe et al. 1978; Mendoza 1978). This phenomenon is known as
social buffering (see Gust et al. 1994; Kikusui et al. 2006).

Although social housing of primates is generally the norm in modern zoos,
research facilities can be hesitant due to limited space and concerns with issues
around research protocols and potential conflicts between animals (Baker et al. 2007;
Baker 2016). Conflicts can be managed to allow the welfare benefits of social
housing (Hartner et al. 2001; Wolfensohn 2004). Guidelines for the introduction
of animals to each other can be found on the National Centre for the Replacement,
Refinement and Reduction of Animals in Research’s macaque website (n.d.). Prior
to putting animals together during the introductory phase, it can be beneficial to
scatter enrichment items and food around the housing. These may act as distractions
so that the primates’ attention is on these stimuli, rather than the unfamiliar animal.

5.2 Physical Enrichment

The basis of effective physical enrichment is in the design of the facility. Thus, with
modern improvements to enclosure design due to both a better understanding of
primate welfare and a human preference for naturalistic environments for captive
animals (e.g., Melfi et al. 2004), physical enrichment is a basic standard and is
typically in-built. However, in any environment, whether zoo, research, private
ownership, or breeding facility, it is the use of the space that is most important
(Chamove 1989). Primates can move in all three dimensions and so it is important
that the use of space is maximized (Fig. 3).

Structural enrichment may be permanent or temporary, moving or stationary,
natural or non-natural, but should ideally incorporate all of these possibilities
(Fig. 4). Providing several options will allow individuals to choose how to use
their environment. Indoor facilities can use cage mesh and room ceilings to suspend
objects while outdoor housing must build from the ground up. Items should be

Fig. 2 Social housing allows primates to engage in play behavior (left) and huddling for warmth
and physical contact (right)
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securely fixed, or at least of a suitable weight and size so that the animals are unlikely
to be able to lift them up and throw them. Furthermore, the animals using the
environment need to be taken into consideration. For example, older animals tend
to prefer more stable structures compared to younger individuals (Bryant et al. 1988;
Kopecky and Reindhert 1991; Lehman and Lessnau 1992; Dexter and Bayne 1994;
Reinhardt and Reinhardt 2008); gorillas typically stay close to the ground and
require large, sturdy climbing frames due to their size; social groups need physical
barriers which create hiding spots. Physical barriers are also useful in allowing
display animals privacy from visitors when desired.

Durable items which are easy to clean are ideal for structural enrichment. A
combination of wooden platforms and poles, nesting opportunities, fiberglass, poly-
vinyl chloride (PVC) and other plastics, firehose and rope, as well as the use of
natural fibers, such as hessian (Fig. 5), create textures, shapes, and colors, to increase
the sensational experience of the captive environment (see Sect. 5.4). These items
can be easily sourced. For example, fire stations often have lengths of old firehose
they are willing to give away (and have even been known to help hang; personal
experience); for smaller primates, in particular callitrichids, tea towels can be used as
nesting material; plastic horse jumping blocks and saddle carriers, which can be
bought online, are durable items which add bright colors to the environment (Fig. 6).
The use of these items is flexible and they can be left free-standing or attached to
other items within the housing (Fig. 6).

Physical enrichment can also incorporate climatic gradients and other environ-
mental features. This is easier for outdoor housing, but there is a reduced control
over exposure to the elements. For indoor housing, one option is to provide primates
with access to natural sunlight through skylights and windows. The use of water
features can also be enriching, especially for primates who are known to swim (e.g.,
macaques) or wade (e.g., orangutans). A tub of water is a popular enrichment item
for macaques, and can be used for water foraging, bathing, and diving, and be further
varied with the use of a non-toxic children’s bubble bath. Water features in an

Fig. 3 An outdoor orangutan/siamang exhibit (left) uses up to 10 m of vertical height with
platforms, tall poles, and ropes, while indoor rhesus macaque (Macaca mulatta) housing (right)
also utilizes the vertical space with climbing structures provided at different elevations (Credit right
picture: J. Nightingale)
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outdoor exhibit (Fig. 7) may also help to establish microclimates and produce sounds
(e.g., from waterfalls) which may help to reduce noise from care staff and visitors.
However, this needs verification as it is also possible that the primates find the
constant noise from the waterfall to be irritating. While moats are popular features
for primate enclosures, care needs to be taken with deep water moats as primates
have been known to drown in them.

Although primates will continue to use the structures in their housing, these
structures will eventually no longer offer any particular challenge and the unchang-
ing scenery may elicit boredom. Having a selection of items which can be changed,
introduced, and removed will help to keep the captive environment varied and novel
(Csatádi et al. 2008), as the primates would experience in the wild. For example,

Fig. 4 Lemur exhibit, with substrate and climbing opportunities including low logs (top left),
stable platforms under heat lamps with small compartments to hide food items (top right), non-rigid
rope (bottom left), and braided firehose (bottom right)
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changing the way ropes are connected will create new climbing courses and areas to
access. Large logs can occasionally be rearranged to develop new food hiding spots.
Objects moved between housings can also bring with them exciting new smells from
other animals (see Sect. 5.4.4). On a cautionary note, there is a fine balance in how
often environments should be altered and how many structures should be changed at
any given time. Change is linked to unpredictability, which is known to lead to stress
responses in primates (Buchanan-Smith 2010). Given the limited research on the
effect of environmental change on stress responses (Fairhurst et al. 2011) in
primates, a cautious approach needs to be taken and only some aspects of the habitat
should be altered at any one time.

5.3 Food-Based Enrichment

Food-based enrichment is probably the most readily used form of transitory enrich-
ment. It is popular because it tends to produce an immediate response from the
primate, is typically easy to prepare, and can be produced in a variety of different
ways. There are two ways in which food can be enriching: when the food is
presented in an enriching manner (e.g., scatter feeds, puzzle feeders) and when the
food itself is the enrichment (e.g., treats, sensory foods) (Table 5). Due to the short-
term nature of food, this form of enrichment is unlikely to have a lasting effect on
reducing behavioral problems (Lutz and Farrow 1996). However, as animals spend
much of their time in the wild foraging and eating, finding methods to prolong
feeding periods in captivity can go a long way toward better emulating wild behavior
(Morimura 2007; Reinhardt and Roberts 1997). Presenting a primate’s daily food
rations using enrichment methods can be stimulating, encourages activity, and
occupies their time. Indeed, studies have shown that primates prefer to work for

Fig. 5 Hessian used to wrap around branches and tied with strips of callico provide a suitable, and
more naturalistic, gripping surface for marmosets (Callithrix jacchus), while PVC tubing creates
hiding spots and play tunnels. Covering the outside of the tubing with a non-slippery fabric will add
greater usable surface
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their food when not overtly hungry (contrafreeloading: Jensen 1963; e.g., Markowitz
1982; Inglis et al. 1997; Jones and Pillay 2004).

Food-based enrichment should not be in addition to the daily feed—it should be
incorporated into the normal feeding regime. Enrichment is the alternative to placing
food in bowls. Bowls should not be used (ban the bowl!), except in extreme cases

Fig. 6 Use of colorful, plastic horse blocks and saddle carriers to provide climbing structures, both
stable and moving, and allow for hierarchal positioning and play
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(i.e., injury or disability), as they provide no enrichment value and make it too easy
for the animals to access the food. Furthermore, food programs should consider the
enrichment as well as the nutritional value of each item. Typically, food-based
enrichment is seen as an addition to the daily diet and so treats and high sugar
foods are given to “enrich” the animals’ feeding experience; this should be
discouraged as obesity and diabetes can be common problems for primates in
captivity (Bauer et al. 2011; Videan et al. 2007). Instead, consider how foods can
be stimulating by presenting them as whole pieces (e.g., an entire apple rather than
apple pieces), very small pieces for which the primates must spend time searching
(e.g., seeds in a deep substrate; Fig. 8), or food in objects which provide a challenge
to access (e.g., a puzzle feeder which requires a tool to manipulate a food item to the
exit point). A mixture of these approaches will create complexity in the feeding
regimen.

Although primates need to be fed daily, highly challenging food-based enrich-
ment items do not need to be provided every day. Research has found that the
application of these devices increases natural foraging through substrates for up to
2 days after the removal of the devices (Gottlieb et al. 2011). Indeed, one of the most
effective ways to encourage natural foraging and occupy the primates for an
extended period of time is through scatter feeding. The distribution of a primate’s
food across multiple surfaces and heights will promote long-term activity and reduce
competition in socially-housed animals. Scatter feeding can be done with both large
and small food items. A deep substrate (at least 2.5 cm/1 inch), such as straw and
wood-shavings (Fig. 9) or bark, will require primates to seek out their food
(Chamove et al. 1982). If it is not possible to provide a deep substrate throughout

Fig. 7 Chimpanzees sit on sun-warmed rocks by a waterfall in an outdoor exhibit
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Table 5 Examples of food enrichment for primates, presented for their own merit (enrichment
foods) or for their access to be an enriching experience (presentation)

Types of
presentation Examples

Enrichment
foods Reasoning

Scattered Large items placed around
housing at different levels.
Small pieces (e.g., oats, lentils,
dried peas, rice) thrown into
substrate.

Browse Leafy browse can provide
naturalistic food items while
looking attractive. Hang for
increased foraging difficulty.
Research has found that the
addition of browse can
increase activity levels
(Dishman et al. 2009).

Puzzle
feeders and
mazes

Food inside objects which the
primates must manipulate in
order to access. Hang for
increased difficulty.

Cooked
pasta

A source of carbohydrates and
easily chewable by primates
with worn teeth (French and
Fite 2005).

Termite
mounds
(Fig. 8)

Food smears placed inside
artificial termite mound with
access holes—provide
chimpanzees with browse they
must strip in order to work into
usable tools for dipping.

Live insects
(Fig. 8)

Some primates may relish the
opportunity to catch live prey.
The insects can also be put in
small plastic jars with either a
loose lid or stoppered with
straw.

Piñatas Papier mâché items in a variety
of shapes and sizes, with or
without holes. Can be painted
in bright colors with non-toxic
children’s paint. Glue should
be made from boiled water and
flour. Hang for increased
difficulty.

Ice blocks Use plain water or heavily
diluted cordial and add food
items such as fruit pieces. Can
be presented in a variety of
shapes. Can also freeze a
carabiner at one end to use to
hang the item later.

Magazines
and
phonebooks

Food items can be placed
between the pages. Can
be hung.

Edible
flowers

Adds color and novelty to
the diet.

Cardboard
rolls and
boxes
(Fig. 8)

Rolls and boxes can be stuffed
with straw and wood wool
(excelsior) with a few treats—
fold up the ends. Can be frozen
for later.

Popcorn Unsalted plain popcorn
(without butter) can be used in
a variety of ways (e.g., stuck to
smears, in phonebooks) and is
a relatively healthy treat.

Pinecones Smear the pinecone with
peanut butter, honey, etc., and
roll in a mix of oats, dried
fruits, popcorn, etc. Can be
frozen for later.

Jelly Novel texture compared to
other food substances.
Requires effort to obtain due to
slippery and wobbly
characteristics.

Toys
(Fig. 8)

Dog toys, including Kongs and
balls, can be filled with small
treats or smeared. They can be
presented freely or hung.

Bamboo Requires either excellent jaw
strength or perseverance to
consume.

Wood
boards and
logs

Drill holes into the boards and
logs which can either be wide
enough for a finger or narrow
for twig-only access. Can
be hung.

Smears Examples of smears include:
blended or cooked fruits, jams,
peanut butter, and yogurt. Can
be smeared on housing
surfaces or other enrichment
items.

(continued)
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the housing facility, filling buckets, tubs, and children’s paddling pools with sub-
strate are suitable alternatives.

Food enrichment is also an excellent way to present a variety of tastes, textures,
and sensations (sensory experiences). Cold foods are particularly popular, especially
in warm environments. Moreover, cold foods are easy to make and store and require
a lot of perseverance by the primate, which is excellent for time consumption
(Fig. 10). Jello (known as “jelly” outside the U.S. jelly) is another example of
food enrichment which provides a different physical sensation and challenge for
primates to typical primate food. However, avoid jello products high in sugar.

5.4 Sensory Enrichment

Animals experience the world around them through a variety of sensory modalities.
However, as humans consider themselves visual beings (Hosey et al. 2013), enrich-
ment often focuses on the visual modality. Indeed, the enrichment provided in
on-display housing in zoos is typically chosen based on its visual appeal to the
visiting public (McPhee et al. 1998; also, personal experience). Yet, to create an
immersive and complex captive environment, enrichment needs to cater to the
sensory ecology of the primate species. Engaging their other senses will create a
richer experience to captive living. Primates communicate using visual, auditory,
tactile, and olfactory cues (Liebal et al. 2013), and so it stands to reason that they can
perceive stimuli through these modalities as well.

5.4.1 Visual Enrichment
This form of stimulus is already well-catered within Sect. 5.2 (physical enrichment).
Stimuli should encompass a variety of shapes and colors, although the latter is likely
to be less important for nocturnal (e.g., owl monkeys, Aotus spp.) and dichromatic
species (e.g., New World monkeys). Other forms of visual enrichment can include

Table 5 (continued)

Types of
presentation Examples

Enrichment
foods Reasoning

Hollowed
coconuts

Empty coconuts can be hung
in exhibits and used as
naturalistic feeding devices.
Drill holes in them for food to
pass out with manipulation
(alternative to plastic balls).

Whole
foods

As food is often presented in
small pieces to reduce
competition in social groups,
whole food items can provide
occasional novelty. Ensuring
the quantity is enough for the
group size, all animals should
be able to access the food.

Cage-top Food is placed on the top of
caging to encourage climbing
and hanging to feed (see Britt
1998b).
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televisions and videos, still images (magazines), and shiny objects, such as mirrors
(Lambeth and Bloomsmith 1992; de Groot and Cheyne 2016) and CDs. Not all
human forms of visual entertainment will be suitable for nonhuman primates and
careful testing should be trialed before long-term exposure.

Fig. 8 Cardboard rolls can be used to create food parcels (top left) and even frozen (bottom right).
Dog toys (top right) can create fun puzzles with food inserted or smeared (but they should be
checked regularly for signs of chewing). Mealworms (middle) and crickets are easily bred and can
be given to primates in a myriad of ways and provide opportunities for presenting live prey. An
artificial termite mound (bottom left) with holes can be used by chimpanzees to exhibit natural
behavior
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Mirrors allow animals to view themselves, down corridors, or other social groups
(Lambeth and Bloomsmith 1992). Access to a mirror should be dependent on the
species, as large primates may break the glass if given direct access. Instead, they can
be given indirect access, such as a mirror on the outside of a window with a
directional control knob inside the housing (see, for example, the set-up at the Centre
for Macaques; Medical Research Centre 2016). Alternatively, using reflective,
shatter-proof plastic mirrors is an option for direct access.

Televisions and videos are potentially good sources of easily-applied enrichment
as the variability and transitory nature of the images should reduce the likelihood of
habituation (Ogura and Matsuzawa 2012). While various primate species have been
noted to spend time watching videos (e.g., Bloomsmith and Lambeth 2000; Brent
and Stone 1996; personal observation), watching videos does not promote species-
typical behavior and may not reduce the prevalence of abnormal behaviors (Platt and
Novak 1997; Bloomsmith and Lambeth 2000; although see Ogura and Matsuzawa
2012). If video-based stimulation is being considered as an enrichment tool, it is
important to test what images the primates prefer—for example, brightly-colored,
noisy cartoons, animal videos, or shows with human actors (Ogura and Matsuzawa
2012). The ability to choose to engage with a television with the option of an on/off
switch the primates can access will reduce the likelihood of moving images and
high-pitched sounds causing stress.

Colors can also be applied to otherwise dull enrichment items. For example,
piñatas and papier mâché items can be painted using non-toxic children’s paint; food
dyes can be added to ice blocks; and some primates may even use paints as directed

Fig. 9 A juvenile rhesus
macaque foraging for small
food items in deep substrate
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by keepers or on their housing walls when given free reign. They are also known to
mix colors to preference (personal observation). However, care should be considered
when applying color as studies have shown that some colors, such as red, can elicit
undesirable responses in rhesus macaques (e.g., Humphrey 1971; Humphrey and
Keeble 1975). Other studies have found a preference for green and blue stimuli in
chimpanzees and gorillas (e.g., Fritz et al. 1997; Wells et al. 2008).

5.4.2 Tactile Enrichment
Textures are already incorporated into other forms of enrichment. Examples include
the hair of a conspecific during a grooming session (social enrichment), the differ-
ence between a wooden platform and a plastic one (physical enrichment), or frozen
fruit compared to smeared fruit compared to fresh whole fruit (food-based enrich-
ment). Tactile enrichment can also take the form of bedding, including straw and
leaves for making nests (important for great apes), hammocks, sheets (popular with
orangutans), tea towels (more suitable for small primates such as marmosets),

Fig. 10 Examples of frozen enrichment items. Top left: silicone and plastic molds of a variety of
shapes and sizes can be used to present frozen enrichment. Top right: a Christmas tree mold has
been used to freeze carrot, pumpkin, and cucumber. Bottom left: cylindrical molds create a more
long-lasting frozen treat, with broccoli, eggplant, carrot, capsicum, and tomato pieces. Bottom right:
a pinecone has been used as a novel method for presenting oats and popcorn using smeared honey
before being frozen
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nesting boxes or hollows, and hessian, which can be used to reduce the slipperiness
of other textures, or as bags for hiding treats or using as covers.

5.4.3 Auditory Enrichment
This form of sensory stimuli may be the least utilized (Farmer et al. 2011). What
research has been done has had largely non-favorable findings. The most commonly
used forms of auditory enrichment are human music and natural habitat sounds (e.g.,
waterfalls). While these sounds may be considered enriching and are sometimes
used to try to mask unpleasant background noises, research suggests that some types
of music can cause aggression, elicit no increase in positive behaviors (e.g., Hanbury
et al. 2009; Howell et al. 2003; Wells 2009), and even increase stereotypic behavior
(Robbins and Margulis 2014). Indeed, when given a choice, chimpanzees, tamarins,
and marmosets will often choose silence over music (Richardson et al. 2006).
Wallace et al. (2017) found no evidence that music was either enriching or had a
negative effect on the welfare of group-housed chimpanzees; however, the apes were
more likely to exit the area when songs with a high beat count per minute were
played. These results demonstrate that care staff should be cautious when attempting
to use music as enrichment, and the genre of music needs to be considered. However,
Snowdon and Teie (2010) found that tamarins (Saguinus oedipus) exhibited calm
behaviors when exposed to music which was based on their vocalizations.

Alternatives to contrived sounds include noise makers and rattles, which primates
can use to produce sounds, as well as the vocalizations of other animals. The latter
may occur naturally within the primate’s environment (i.e., from nearby animals) or
can be deliberately applied through playback experiments. In howler monkeys
(Alouatta caraya), for example, playbacks of other howler vocalizations increased
calling from subject animals and other associated behaviors (Farmer et al. 2011).
Vocalizations could, therefore, be a form of positive auditory enrichment.

Some primates also detect food (live insects) using auditory cues (e.g., aye-ayes,
Daubentonia madagascariensis; Charles-Dominique 1977; Erickson et al. 1998;
MacKinnon and MacKinnon 1980; Niemitz 1979). While auditory cues are likely
very important for nocturnal species, it is also thought that chimpanzees also use
auditory cues when hunting prey (Milton 2000). While research on this topic is
limited, there is room for exploring the use of prey-based auditory enrichment for
primates.

5.4.4 Olfactory Enrichment
Olfactory enrichment refers to the application of scents or scented material
(Swaisgood and Shepherdson 2006). The items which can be used to increase the
olfactory experience of captive primates are numerous and include food smells,
infused and essential oils, artificial odors, animal derivatives, and commercial lures.
This form of enrichment is underutilized for primates (Clark and King 2008),
perhaps due to the long-held belief that primates are not olfactory-driven; this may
reflect our limited understanding of this sensory modality in ourselves let alone other
primate species (Hübener and Laska 2001; Barton 2006). The species most com-
monly given olfactory-based enrichment tend to be those known to perform scent
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marking, such as lemurs and marmosets. Although the olfactory bulb does reduce in
size along the primate line from prosimians to apes, that does not mean that olfactory
ability disappears or is not important. In fact, some primate species can detect some
odors at lower concentrations than rats and dogs, two species which are highly
sensitive to odors (Danilova and Hellekant 2000, 2002; Hellekant et al. 1997;
Hudson et al. 1992; Laska and Hudson 1993; Laska et al. 1996, 2000, 2007;
Laska and Freyer 1997). In particular, ethanol-based cues may be important for
primate foraging (Dudley 2000). Specifically, primates may use the smell of the
ethanol in the fruit to find and select the ripest pieces (Dominy 2004).

Odors can be presented in a variety of ways: sprayed on surfaces, as crushed or
whole plants (e.g., dried or fresh herbs and spices), and in bodies of water. Bedding
material and other substrates can also be rotated between species and groups to share
animal scents. Fecal matter and urine (with permission from veterinarians) from
disease-free animals can also be used for olfactory enrichment, either diluted or in
their original forms.

Most odors can be diluted (e.g., oils and essences; Fig. 11); an odor does not have
to be fully concentrated to produce a behavioral reaction or encourage exploration.
Diluted odors should be initially used; the concentration can then be incrementally
raised if no detection or investigation of the odor is observed. It is also recommended
that one should not apply odors in too many locations or use airborne dispersers in a
housing facility because, in the event of an adverse reaction, rapid removal of the
source of the odor may be required. Alternatively, liquid odors can be presented on
the outside of caging by soaking a cotton ball and placing it inside a hanging tea
infuser (Kemp and Kaplan 2012; Fig. 11). This will give primates more control and
avoid the odor if desired. It is important to note that the animals may be able to detect
the odor from a distance and so physical proximity may not be needed for the odor to
be impactful.

Fig. 11 Flavoring essences (left) can be diluted in water to between 1:1000 and 1:10, depending on
their strength, the primate species, and any previous indications of interest in the odor. The odor can
then be sprayed on to objects in the environment or soak a cotton ball in the liquid and place it inside
a tea infuser before hanging the infuser on the outside of the caging (right)
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5.5 Cognitive Enrichment

Despite primates having large, complex brains which are capable of a myriad of
impressive behaviors, and, in the wild, solving problems requiring various mental
skills and processes, cognitive enrichment is often overlooked (Clark 2017; Meehan
and Mench 2007). Still, other types of enrichment encompass elements of cognitive
stimulation. Puzzle feeders, for example, provide something of a mental and physi-
cal challenge as the animal must manipulate the object to get the food to the exit hole
(Fig. 12). However, primates learn the best techniques quickly and so the challenge
posed by some puzzle feeders will diminish accordingly. Complex puzzle feeders,
with movable parts and segments which can be swapped to create new challenges
can reduce this problem and will be a more effective form of enrichment in the long-
term.

Fig. 12 Examples of relatively simplistic puzzle feeders, which can utilize readily available dog
toys such as Kongs (top left) and naturalistic items including hollowed-out bamboo (top right).
Large, clean petrol canisters may provide more of a challenge with small exit holes (bottom left)
while food cages (bottom right) can be used to house large pieces of food items, which may require
a stick to help access, or even frozen foods. When puzzle feeders cannot be used, placing food items
on the top of caging, requiring the primate to work through the bars, is a viable alternative which
achieves a similar purpose
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Still, primates are capable of navigation, tool use, and cooperative activities
which they are rarely able to express in the captive environment (Meehan and
Mench 2007). Devising enrichment items to target these skills can be challenging
for care staff. Opportunities for the development of suitable challenges may come
from comparative psychology and neuroscience research. Research tasks often
incorporate cognitive skills—the use of touchscreen computers or joysticks (e.g.,
Fagot and Paleressompoulle 2009; Martin et al. 2014, 2017; Morimura and
Matsuzawa 2001; Platt and Novak 1997; Washburn and Rumbaugh 1992), problem
solving (e.g., Gunhold et al. 2014), cooperative efforts for goal achievement (e.g.,
Suchak et al. 2016), and hidden object-object permanence paradigms (e.g., Call
2007; Mendes and Huber 2004)—but these activities have yet to make it into
mainstream enrichment programs. It is possible that technology may make some
facilities uneasy due to their artificial nature (Carter et al. 2015) or because these
apparatuses are expensive, yet the benefits to both captive primates and human
viewers could outweigh these disadvantages. Indeed, there is evidence that these
research activities can provide forms of enrichment for captive animals (e.g., Fagot
and Bonté 2010; Fagot et al. 2014), as well as being engaging for visitors and staff
(Webber et al. 2017). However, further research is needed.

There is a bias toward food-based cognitive enrichment; while food may encour-
age primates to interact with items and technologies, it does not have to be the main
motivator. For example, research has found macaques will perform cognitive tasks
for images of other macaques (Deaner et al. 2005). Computer technology has
recently been introduced into the orangutan exhibit at Melbourne Zoo, Australia
(Webber 2018) in which the only reward is from the interaction with the system. In
this case, the orangutans do not touch any screens or get food rewards; instead,
images are directed into their exhibit using Microsoft Kinect, which tracks the
primates’ movements and detects when they touch the projections. This creates a
large touch-enabled surface without allowing the orangutans access to the fragile
equipment. The system also allows for interactions to occur from outside the exhibit,
potentially creating positive human–animal interactions and an enriching experience
for zoo visitors.

Positive reinforcement (reward-based) training may also provide cognitive stim-
ulation for captive primates (Buchanan-Smith 2010; Hosey et al. 2013; Laule and
Desmond 1998). Positive-reinforcement training is becoming increasingly common-
place in many facilities as a way to encourage captive primates to behave in desired
ways and to reduce the stress of husbandry procedures and research activities
(Prescott and Buchanan-Smith 2003, 2007; Prescott et al. 2005; Kemp et al.
2017). While there is evidence that reward-based training may be effective in
reducing stereotypies in primates (Bourgeois and Brent 2005), there is still some
debate in the literature as to whether it constitutes a form of enrichment (Baker et al.
2010; Hare and Sevenich 2001; Melfi 2013; Westlund 2014). It is certainly not a
replacement for environmental enrichment and may only constitute an enriching
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experience during the period in which the behavior being targeted is learned by the
animal (Melfi 2013).

6 Assessment

It is important that stimuli are assessed to determine if they are achieving the goals
set out prior to their application. New items should be assessed upon initial applica-
tion, but repeatedly used items should also have regular “check-ups” to determine if
habituation and boredom have occurred (Kuczaj et al. 2002). Not all enrichment is
equally enriching (Galef 1999; Mason et al. 1998; Mellen and Sevenich MacPhee
2001; Morgan et al. 1998) and given that resources (time, labor, and financial costs)
for enrichment are limited, maximizing the outcome for the effort put in is ideal.
Furthermore, if we cannot be assured that our efforts have lasting benefits and
improve animal welfare, we are undermining the quality of our care for captive
primates. As Galef (1999, p. 279) pointed out:

enrichment programs based on unscientific belief systems or unscientific methods must be
counter productive in the end. Good will toward animals plus professional judgement is
simply not enough. We need to undertake research on the efficacy of whatever enrichment
procedures we propose to implement. If we do not, we are not meeting our moral obligations,
either to the animals. . . or to the public that asks that we treat our animals as humanely as
we can[.]

The assessment of how the primate or primates interact with and utilize any given
stimulus results in data which helps to validate the effort and resources involved.
Enrichment is an investment: staff time in the development and application of items,
as well as financial costs, need to be outweighed by the benefits of applying
enrichment. Analyzing the enrichment’s effectiveness to achieve the set goal or
goals will help fine-tune the enrichment program so that the results are maximized.
This will help to determine if a stimulus should continue to be used, if a stimulus
requires modifications to improve its enrichment value, and how to modify the item
to best meet the goal. Assessment will also help to rapidly determine if a stimulus is
having an adverse effect on an individual or group of animals (Bayne 2005).

When assessing the effectiveness of a stimulus, it is important to remember that
enrichment is experienced by the individual, even when applied in a group setting. It
is the individual animal which benefits or does not benefit, not the group. A group of
primates does not interact with a stimulus; the individuals does so. Therefore, it is
important that any assessment examines individual responses to the stimulus.

There are four major ways in which enrichment use can be measured (Coleman
et al. 2012): (1) physiological responses—these can include cortisol, heart rate, and
immune function; this method is likely to be more suitable for research primates than
for zoo animals or those in breeding facilities, (2) indirect results—if an item is
applied to encourage locomotion in an overweight primate, then evidence of the
effectiveness of the item will be measurable through physical condition. Note that
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indirect measures such as these should only be used when the specific aim of the
enrichment was to target a physical state. While indirect measures provide an easy
measure of effectiveness, there are potential problems: data will need to be collected
over a long period of time and adverse behavioral responses may go unnoticed.
(3) Behavioral responses—as the aim of enrichment is typically to increase the
frequency and variety of species-typical behaviors while reducing the levels of
abnormal behaviors, behavioral assessment is highly practical and can be conducted
fairly easily. It is important, though, that any assessment of behavior is more than
just a did/did not interact with the item dichotomy as avoidance of an enrichment
item is still a behavioral response and may not necessarily be indicative of aversion.
Considering a variety of behaviors will more likely result in determining the effect of
the stimulus. (4) Preference—choice tests can be used to “ask” the primate with
which enrichment item it would prefer to interact (e.g., Mehrkam and Dorey 2015).
For further discussion on assessing and measuring welfare, see Part II of this book.

Documentation and assessment of primate reactions to enrichment items should
ideally consider short- and long-term responses. This will help to determine how
quickly animals habituate to items and will provide indications of how long any item
should remain accessible. Items may be kept interesting by their frequent removal
and withholding, if research shows that the animal or animals lose interest after short
periods of time (hours, days). Preferably, most enrichment should be removed before
animals become bored with them. For enrichment used to deliver food items,
animals may show a lack of engagement, even when food is still present, if the
item is proving too much of a challenge. Documenting this response can help to
determine whether a simpler challenge is required to help the animal gain confidence
in using the enrichment and to encourage its continued use. Documentation also
allows for the possibility of publishing results. The application of effective enrich-
ment is still a developing science; publishing successful and null results of enrich-
ment trials will help the primate care community make more appropriate decisions
when designing enrichment programs.

7 Conclusion

Although establishing an enrichment program may seem time-consuming, costly,
and require additional staff resources, the benefits are numerous. Moreover, simple,
cheap approaches can have a large positive impact on welfare. The enticement to
express a rich behavioral repertoire will have flow-on effects regardless of the
facility type; zoo visitors will be more impressed by active and engaging animals
and researchers will be able to place more stock in the reliability of their data.
Ultimately, choice and control by the primates will yield the most effective enrich-
ment. Careful planning of enrichment will reduce risks and have long-term benefits.
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Challenging Cognitive Enrichment:
Examples from Caring for the Chimpanzees
in the Kumamoto Sanctuary, Japan
and Bossou, Guinea

Naruki Morimura, Satoshi Hirata, and Tetsuro Matsuzawa

Abstract

We must ensure the welfare of captive chimpanzees. One way to do so is by
building environments that enable chimpanzees to express evolved cognitive
abilities and skills. These environments must therefore include “cognitive enrich-
ment” that resemble daily challenges that chimpanzees in the wild must meet if
they are to survive and reproduce. In the Kumamoto Sanctuary of Kyoto Univer-
sity, Japan, we introduced fission–fusion emulation, a dynamic group manage-
ment system in which the spatiotemporal cohesion within a group in terms of
space, group size, and group membership was changed by human caretakers.
Kumamoto Sanctuary also instituted a new experimental system that balances the
needs of human experimenters and the chimpanzee participants by ensuring that
the chimpanzees do not experience stress during experimental procedures. More-
over, because conservation has become an increasingly important consideration,
the cognitive challenges at Kumamoto Sanctuary are designed to allow captive
chimpanzees to engage in decision making on a daily basis. Conservation
activities also need to consider the needs of local people and their chimpanzee
neighbors. A plantation project in a fragmented habitat with anthropogenic
activity can be regarded as environmental enrichment on a large scale, in
chimpanzees’ natural habitat. These enrichment designs, one in Kumamoto
Sanctuary and one in chimpanzees’ natural habitat, not only maximize chimpan-
zee welfare, but also enable chimpanzees to express their natural behaviors to the
fullest extent possible.
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1 Introduction

Distinct behavioral and cognitive characteristics in primates are considered products
of cumulative evolutionary changes over time (e.g., de Waal and Ferrari 2009). As
part of their daily lives, primates are exposed to situations that require problem-
solving via cognitive abilities, such as physical or spatial cognition, memory,
planning, making and using tools, engaging in cooperative or competitive social
interactions, and so forth (e.g., Menzel 1973; Goodall 1986; Schmelz and Call
2016). This suggests that welfare considerations must include and focus on
providing environments with characteristics that allow primate species to fully
express cognitive competencies acquired through the evolutionary process (Hughes
and Duncan 1988; Morimura 2006; Brydges and Braithwaite 2008). Thus, the daily
challenges that animals face, ultimately for survival and reproduction, are an impor-
tant component of the environmental enrichment of captive primates; this is known
as cognitive enrichment (Matsuzawa 2006; Morimura 2006; Clark 2011).

When considering what the cognitive challenges in primates are, debates about
the evolution of (human) intelligence can provide many insights into their nature.
The leading hypothesis, which is related to the evolutionary increase in brain size,
suggests that dietary and/or social complexities were major selective pressures in the
evolution of primate cognition (e.g., MacLean et al. 2014). Relative brain size in
primates, for example, is greater in frugivores than in folivores (Clutton-Brock and
Harvey 1980). This theory posits that dietary complexity, such as the variety and
spatiotemporal distribution of fruits, was the primary driver of primate cognitive
evolution (Zuberbühler and Janmaat 2010; Barton 2012). The neocortex ratio,
another index of brain size used as a proxy for cognition, was also found to be
positively correlated with species’ typical group size (Barton 1996; Dunbar 1998).
This has led to social intelligence theory, which proposes that social complexity
(e.g., increased social group size) was the major selective pressure in cognitive
evolution (Barton 2006; Shultz and Dunbar 2007).

Notably, there has been no evidence suggesting that either hypotheses alone is
enough to fully explain cognitive evolution. In fact, both ecological and social
factors have been associated with different brain volume indices (Dunbar and Shultz
2007). An example of this is that both the percentage of fruit in the diet and social
group size correlate positively with the neocortex ratio in primates (Barton 1996).
Such studies suggest that the challenges that captive primates are asked to face in an
environmental enrichment program can include foraging, exploring their living
space, object manipulation, gathering information about the environment using
different modalities, and in their social life with conspecifics and/or heterospecifics.
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Environmental enrichment has generally been categorized into five types: food-
based, physical, sensory, social, and cognitive (e.g., Brent 2001; Hosey et al. 2009;
see also Kemp 2022). As mentioned earlier, animals’ cognitive skills could be
challenged by the demands required in each context of food-based, physical, sen-
sory, and social enrichment programs. For example, modifications in group size
(social enrichment) can be used to challenge evolved cognitive skills that deal with
increasing social complexity (e.g., Whiten and Erdal 2012).

In this chapter, we first describe the recent movement to rescue retired laboratory
chimpanzees (Pan troglodytes) in Japan. The cessation of invasive biomedical
research using chimpanzees at a pharmaceutical company created a surplus of
79 laboratory chimpanzees. Of these chimpanzees, 22 were isolated in a laboratory
when the sanctuary was launched in 2007. Social enrichment has been one of the
major strategies to enhance the recovery of retired laboratory chimpanzees. How-
ever, there are major differences between the social life of captive and wild
chimpanzees, especially in terms of spatiotemporal social dynamics. Therefore, we
will spend some time discussing how cognitive enrichment can be used to tackle the
limitations of captive environments to benefit the well-being of chimpanzees.

2 Kumamoto Sanctuary: The First Sanctuary for Retired
Laboratory Chimpanzees in Japan

As of June 1st, 2019, according to an open-source database (the Great Ape Informa-
tion Network or GAIN 2009), there are 305 captive chimpanzees living in Japan.
Next to the USA, which has 1478 chimpanzees listed in the ChimpCare website
(2009), Japan has the second largest population of captive chimpanzees in the world.
Between 1925 and the end of 2013, 501 chimpanzees were relocated from Africa,
and from zoos in the USA and Europe, to Japan, and up until the 1980s most of these
chimpanzees were wild caught (Watanuki et al. 2014). According to studbook
databases, over 80% of the chimpanzees imported into the USA (Ely et al. 2005),
Western Europe (Carlsen 2009), and Japan (Morimura et al. 2011a, b) are of the
West African subspecies (P. t. verus). These figures suggest that importing
chimpanzees has had a large negative impact on wild chimpanzee populations, and
especially those in West Africa. All the chimpanzee facilities, including research
institutes, zoos, and sanctuaries, therefore, must take responsibility for the future of
chimpanzees, and especially Western chimpanzees, both in captivity and in the wild.

The lack of laws or guidelines prohibiting the use of laboratory chimpanzees in
severely invasive biomedical research in Japan allowed the use of captive
chimpanzees living in Japan in behavioral, genetic, and biomedical experiments
until the late 2000s. It was only in 2006, after protests by and denunciation from
researchers belonging to Support for African/Asian Great Apes (SAGA 1998), that
invasive laboratory studies on chimpanzees in Japan ended. Indeed, the last biomed-
ical institute that used chimpanzees, owned by Sanwa Kagaku Kenkyusyo Co. Ltd.,
was transformed into the largest chimpanzee sanctuary in Japan, with the donation of
79 retired chimpanzees, facilities, and skilled staff. The sanctuary, renamed the
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Kumamoto Sanctuary (KS) (Fig. 1), has been run by Kyoto University since 2011
following a transitionary period that began in 2007 (Morimura et al. 2011a). By
2013, there were no more chimpanzees in biomedical institutes throughout Japan as
the last three chimpanzees had been relocated to KS.

Of the 305 chimpanzees in Japan, 53 currently live in KS. After the sanctuary’s
launch, the care of chimpanzees changed drastically. These changes came about
largely because of the introduction of well-organized environmental enrichment
programs. The annual variety of food items, for instance, increased from approxi-
mately 10 to 71 items, and a weekly feeding enrichment program was introduced
(Fig. 2a). Caretakers also celebrate the birthday of each chimpanzee and Japanese
holidays by providing the chimpanzees with special meals decorated with fresh fruits
and vegetables (Fig. 2b).

Social enrichment was also a major target during the transition phase of the
sanctuary in 2007 as 22 of the 79 retired laboratory chimpanzees were previously
isolated in indoor rooms. Wild chimpanzees are complex and flexible social beings
that form parties based on fission-fusion dynamics (Nishida and Hiraiwa-Hasegawa
1987; Aureli et al. 2008), which is defined by variation in spatiotemporal cohesion of
individual membership in a group over time. By May 2008, all the chimpanzees,

Fig. 1 Panoramic view of Kumamoto Sanctuary for chimpanzees and bonobos. Note: The first and
second buildings (BLDG1 and 2, respectively) are for all-male groups. The fifth building (BLDG5)
are for mixed-sex groups of chimpanzees and bonobos. The fourth building (BLDG4) is an
emergency space. The third building is not shown as it was demolished in 2012

504 N. Morimura et al.



Fig. 2 (a) The weekly schedule of the enrichment program consisted of paper-wrapped feeder
(Mon.), fire horse puzzle feeder (Tue.), fresh green (Wed.), cardboard box gift (Thu.), honey-juice
dipping (Fri.). (b) The 11-year-old birthday party for Hatsuka
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except for one blind female (Hirata et al. 2017), had been returned to some type of
group, including all-male, single-male and multi-female, and multi-male/multi-
female groups.

3 Behavior that Is Typical in Captivity Can Be Atypical
in the Wild

Matsuzawa (2006) pointed out that to maximize the welfare of captive chimpanzees,
laboratory work should be founded on efforts to provide environmental enrichment
that allows chimpanzees to express their full behavioral repertoires within time
budgets that are close to those observed in wild chimpanzees. Thus, when develop-
ing environmental enrichments, understanding the differences between behaviors
that are typical in captivity but atypical in the wild is essential (for review of
behavioral measures of primate welfare, see Lutz and Baker 2022).

As with many other nonhuman primates, chimpanzees form enduring social
bonds (Aureli et al. 2008). In addition to the aforementioned fission-fusion dynamics
that characterize their social groups (Aureli et al. 2008), wild chimpanzees travel
daily in woodlands, which are anywhere from 6 to 70 km2 in size (e.g., Humle
2011a; Samson and Hunt 2012). Chimpanzees have a patrilineal society in which
females disperse into neighboring communities shortly after reaching sexual matu-
rity (Pusey et al. 1997). In contrast, most captive chimpanzees are characterized by a
relatively “static” life in a social group that consists of the same group members, in
the same enclosure, for numerous years or, in the worst case, until the end of their
lives. Since 2008, in an effort to reproduce the complex social life of captive
chimpanzees, KS introduced fission-fusion emulation (FFE), a group management
system in which the spatiotemporal cohesion within a group in terms of space, group
size, and group membership were changed by human caretakers (Fig. 3).

Prior to the transitional running of the sanctuary in 2007, most males had been
separated from females as part of a moratorium on reproduction that had been
ongoing since 2000. Lethal aggressive interactions are known among wild male
chimpanzees (Wilson et al. 2014a). Consequently, multi-male group formations
have a higher risk of severe fights than multi-female groups. As such, most males
were still singly-housed in the sanctuary in 2007 whereas the isolated females joined
new social groups. We needed to address the problem of how to introduce these
males into social groups.

In the wild, adult male chimpanzees have been known to form equitable, long-
lasting social bonds (Mitani 2009). Moreover, although all-male groups of
chimpanzees had not been observed in the wild, males have been known to occa-
sionally form all-male parties through fission-fusion dynamics (e.g., Lanjouw 2002;
Hockings 2011). Therefore, we expected that forming all-male groups through FFE
would lead to the formation of male bonds and prevent the escalation of aggressive
interactions. In fact, it was the only solution that might enable the chimpanzees to
return to their social lives.
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Our attempt to form male bonds proceeded as follows. Eight isolated males
(9–34 years old in 2008) at the second KS building (BLDG2) were the first target
for the all-male group formation. This allowed us to not only end their social
isolation but also to expand the amount of space available for the new social
group as the group would be able to use the rooms in which the isolated males
were kept. The dynamic group management by FFE, moreover, promoted variation
in the size and membership of each group by changing the connection pattern of
indoor rooms and outdoor cages (Fig. 4a). The isolated males had lived for several
years in these rooms with visual or tactile contact with their neighbors through the
iron bars. This previous experience allowed us to form an all-male group of familiar
unrelated individuals in short introductory steps by connecting the isolated cages one
at a time. Another all-male group of six individuals was formed following the same
procedure. All individuals at BLDG2 returned to their social lives by forming two
all-male groups of eight and six individuals (Fig. 4b).

There were fifteen adult males (16–41 years old in 2011) at the first KS building
(BLDG1) consisting of thirteen familiar individuals and two unfamiliar individuals
who were relocated from a local zoo in 2008. Figure 5 shows the group’s history
with FFE. The largest all-male group in the sanctuary was first formed by individuals
from three of the existing all-male groups (Teramoto et al. 2007). This introduction
was conducted based on individual familiarity among males. As a first step, two
males that were familiar with each other were paired; then a third individual who was
familiar with one male of the pair and unfamiliar with the other member was
introduced into the group; the male who was familiar with both males intervened
in the affiliative interaction between the two unfamiliar males. More males were
introduced to this group until it reached 15 males. FFE consisted of the daily
formation of 2–3 groups of 2–13 individual males and was introduced in June

Fig. 3 Schema of the fission-fusion emulation for 15 males at BLDG1 of KS. (a–c) indicate the
place of enclosure. ab, bc, and abc indicate that two or three enclosures were connected by opening
separation doors
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Fig. 4 (a) Group formation of eight males at BLDG2 in 2008. These males were housed
individually before the formation. During introduction, one male was added at a time, forming a
pair, triad, tetrad, and so on. Introduction was from the most subordinate to the most dominant
individuals. (b) Social play in an all-male group of eight chimpanzees
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2009. The 15 individuals were united for the first time on December 16th, 2010;
then, the entire group was formed once every 2 weeks. The weekly schedule of FFE
at BLDG1 (Fig. 3) was as follows: three groups of five individuals for 2 days, two
groups of five and ten individuals for 4 or 5 days, and one group of 15 individuals
once every 2 weeks.

To evaluate the risk of aggressions during the formation of all-male groups, the
number of medical care events in the pre-FFE period in 2003–2007 and post-FFE
period in 2008–2015 were compared (Fig. 6). Medical care in KS was categorized as
either medication or operation under anesthesia. The number of operations did not
increase in the post-FFE compared to the pre-FFE period (Mann-Whitney U test:
z¼�0.88, P¼ 0.38), whereas the medication rate increased (Mann-Whitney U test:
z ¼ �2.64, P < 0.01). The number of medical care events peaked for 3 years after
the start of the formation of the 15-male group in 2008 and then declined to baseline
levels. These findings suggest that FFE enabled these chimpanzees to adapt to social
living. Therefore, FFE successfully reduced the number of adult males kept individ-
ually at KS to zero.

We also evaluated the social relationships among the all-male group of
15 individuals at BLDG1 that emerged under FFE. We were especially interested
in the question of whether changes in the spatiotemporal cohesion in FFE strength-
ened social bonds. The formation of social bonds was analyzed based on 161 h of
observational data collected in 2012. The results showed that social behavior

Fig. 5 History of the fission-fusion emulation at KS
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(number � SEM) was predominantly affiliative (Fig. 7; 19.2 � 2.1%) and that
antagonistic interactions were rarely observed (0.2� 0.0%). Wild chimpanzees have
been known to display non-random patterns of grooming within their groups
(Nishida and Hosaka 1996). Grooming in the all-male group at BLDG1 was
observed in 63 of 105 dyads. The analysis of grooming equality (� SEM) (Mitani
2009) within pairs showed that individuals within several pairs of the group groomed
each other equally. Moreover, the frequency of social behavior (i.e., the social bond)
for each dyad was positively related to grooming equality (Fig. 8; r80 ¼ 0.50,
t ¼ 5.18, P < 0.01). Primates typically interact repeatedly with conspecifics in
relatively stable social groups (Smuts et al. 1987). The repeated social association of
male chimpanzees at BLDG1 was positively related to the strength of dyads’ social
bonds in the all-male group (Fig. 9; r208 ¼ 0.75, t ¼ 16.11, P < 0.01).

The group member with whom each individual had the strongest bond was
evaluated by determining the partner with whom they had the most frequent social
behaviors. The strongest bond per week block (� SEM) was 10.9 � 0.9. Next, the
average number of partners with whom individuals engaged in social behavior, i.e.,
the number of social bonds, was compared. The number (� SEM) of social bonds
was 3.3� 0.3. Individuals in the all-male group did not interact with group members
simply as a function of increasing member numbers. The value of the strongest bond
and the number of social bonds were significantly correlated (Fig. 10; r30 ¼ 0.79,
t ¼ 6.95, P < 0.01).

In total, these results showed that the male chimpanzees at BLDG1 formed
enduring social bonds under FFE. The development of a stronger social bond
with a given individual was associated with having stronger bonds with other
individuals, too (Fig.10). This finding shows that, even though the quality and

Fig. 6 Temporal distribution of medical care events of the all-male group of 15 chimpanzees
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strength of social bonds differs among dyads, the social bonds that develop between
dyads do not conflict with the development of social bonds with other individuals
within a group. Thus, captive male chimpanzees at KS could strengthen social
bonds in dyads under FFE. Moreover, a follow-up study that focused on grooming,
a measure of the strength of social relationships in primates (Fedurek and Dunbar

Fig. 7 Time allocation of 10 behavioral repertoires of the all-male group of 15 chimpanzees

Fig. 8 Correlation between social bond and grooming equality
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Fig. 9 Correlation between social bond and repeated social association

Fig. 10 Correlation between the strongest bond and the number of social bonds
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2009) that was performed 2 years after the introduction of FFE showed that the
original 15 males engaged in grooming regardless of their differences in early
rearing history (Levé et al. 2016). This follow-up study supported the view that
captive male chimpanzees formed stable social bonds under dynamic social cohe-
sion through FFE (Fig. 11).

4 The Agency of Chimpanzees Living in Captivity

Chimpanzees can recognize themselves in a mirror or in live-video footage (e.g.,
Hirata 2007; Anderson 2015). They are also capable of agency, that is, they can
manipulate an object based on their recognition of the object as a representation of an
action generated by the self (Kaneko and Tomonaga 2011). Cognitive challenges
related to agency have focused on welfare issues, such as animals’ ability to control
their environment by applying cognitive skills (e.g., Young 2003; Buchanan-Smith
and Badihi 2012). Permitting control over aversive events from the physical envi-
ronment also improves animal welfare (Hanson et al. 1976). In humans, the percep-
tion that one can control his or her environment plays an important role in the

Fig. 11 Grooming in the
all-male group of
15 chimpanzees
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process through which a person sets challenging goals for themselves (e.g., Bandura
1993). In contrast, exposure to uncontrollable aversive events, which instills learned
helplessness, results in a reduction in overall activity and in instrumental responses
that would eliminate other aversive events (Overmier and Seligman 1967).

In general, the behavior of wild animals in captivity is known to be affected by
limitations in the available resources, which may lead to skews in kinship, age,
dominance rank, ranging behavior, predation risk, infectious disease, etc. (Clubb and
Mason 2003). Wild chimpanzees, for example, while foraging, travel daily within
their home range, because their feeding places are spread out. In contrast, captive
chimpanzees have limited feeding places and/or foraging opportunities because of
facilities’ need to control costs and maintain work efficiency. Given the ecological
and evolutionary impact of dietary constraints (e.g., Aiello and Wheeler 1995; Fish
and Lockwood 2003; Allen and Kay 2012), limitations in foraging can distort
chimpanzees’ decision-making processes. Moreover, wild chimpanzees can choose
which individuals to approach during fission-fusion dynamics. In contrast, for the
captive chimpanzees at KS, human caretakers planned and instituted group forma-
tion under FFE (Fig. 12). In a captive environment, the needs and resources of the
chimpanzees compete with the needs of the human caretakers, scientists, and other
staff. Consequently, these limitations that are imposed by captivity may result in
differences in the underlying decision-making processes of wild and captive
chimpanzees (Chamove and Anderson 1989).

These differences in decision-making processes between captive and wild
chimpanzees can degrade the “cognitive quality of life” (e.g., Kiang et al. 2016) of
captive chimpanzees. Wild chimpanzees often express their complex cognitive

Fig. 12 The latest version of the fission-fusion emulation in the all-male group of 15 chimpanzees
as of October 2016

514 N. Morimura et al.



abilities related to decision-making processes through their social interactions with
conspecifics. When humans play a major role in the social lives of captive
chimpanzees by managing their social affairs, captive chimpanzees lose the oppor-
tunity to confront cognitive challenges. Furthermore, chimpanzees exhibit enduring
mother-infant bonds, which may even persist after the death of an infant. There have
been reports from Bossou, Guinea, for example, of mothers who continued to carry
and care for their infant’s body for a month or more after their death (Biro et al.
2010). Therefore, in captive situations, even though it may seem wise to take a
prematurely born chimpanzee infant from their mother for urgent medical purposes,
we should be aware that the mother would have been deprived of the cognitive
challenges (the infant’s death) in a highly species-typical context (Fig. 13).

5 Sharing Resources in Captive Conditions

Cognitive challenges that arise in captive conditions are at least partly attributable to
competition between chimpanzees and humans over resources. Some of these
challenges resemble those encountered by chimpanzees in the wild. For example,
community density in individuals per km2 in KS and Bossou are 50,000 and 1.5,
respectively. The atypical captive condition may result in escalations of lethal
aggression (Wilson et al. 2014a). The difficulties in adapting to antagonistic
interactions provide a reason for sometimes prioritizing the demands of humans
over those of chimpanzees.

Fig. 13 Jire taking care of the carcass of Jodoamon
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After the launch of KS, to attempt to balance the demands for human safety and
the chimpanzees’ cognitive needs, KS instituted a new experimental system. In 2011
and 2012, by renovating the biomedical facilities in KS, two new huge outdoor cages
(W:D:H [m] ¼ 14:26:4 and 26:18:12; Fig. 14) were constructed for the WISH (Web
for the Integrated Studies of the Human Mind) project (Matsuzawa 2015). In
addition, six bonobos (Pan paniscus) from two zoos in the USA were relocated to
KS in 2012 (Kano and Hirata 2015). Computerized touch panels for cognitive tasks
were installed in these outdoor cages. Previous cognitive tasks using these devices
had been conducted in an experimental booth by separating a chimpanzee participant
from its group. However, the new system allows chimpanzees or bonobos to
voluntarily participate in cognitive experiments in the outdoor cage (Fig. 15). For
this to work, we had to devise an experimental setup that could be attractive for
participants. Additionally, it is sometimes necessary to separate a chimpanzee from
its group, such as when the experiment takes place in an indoor experimental booth
(W:D:H [m] ¼ 1.5:3:2), for example, when a human experimenter conducts the task
in a face-to-face setup called the “participant-observation procedure” (Fig. 16;
Matsuzawa 2009). In “participant-observation” studies, the experimenter needs to
communicate with the chimpanzee to keep it motivated. This approach balances the
needs of human experimenters and the chimpanzee participants and forms the basis
of the research performed at KS. The fact that the KS system prioritizes
chimpanzees’ needs has enabled us to develop a new comparative method to study
emotions in such a way that the chimpanzees do not experience stress during the
experimental procedures (Kano et al. 2016).

The new connection cage system between the KS buildings was installed in 2011.
Prior to this, the chimpanzees and bonobos at KS lived in three different buildings.
The connection cage system allowed the chimpanzees and bonobos to travel
between buildings through an iron-mesh bridge, which was 154 m long, 60 cm
wide, and 90 cm tall (Fig. 16). Each group of chimpanzees that lived in the three KS
buildings had a weekly training routine that encouraged the use of the connection
cage. The cage system also included three small outdoor cages (W:D:H [m] ¼ 2:3:3
and 4:8:4) attached to the iron-mesh bridge. These outdoor cages were designed as
places where the chimpanzees could rest. The natural vegetation surrounding the
cage system also provided an opportunity for chimpanzees to feed on their preferred
plants at any time.

6 The Wild Model: Sharing Resources in a Natural Habitat

Captive animals can be categorized into four major groups: laboratory, farm, com-
panion, and zoo animals (Young 2003). Wild species, such as primates, that are
housed in laboratories and zoos are unique in that their captive welfare status can be
evaluated by comparing their behavior to their wild counterparts. The comparison
with wild conspecifics can be helpful especially in cases in which captive and wild
endangered species face common threats related to human activity. For example, the
reduction in the behavioral freedom of chimpanzees that results from conflicts with
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Fig. 14 Huge outdoor cages for the WISH project constructed in 2012 (a) and 2013 (b)
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Fig. 15 Chimpanzees (a) and bonobos (b) voluntarily participating in a computerized
cognitive task
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humans is an ongoing problem both in captivity and in the wild. Chimpanzees have
been listed in the endangered or critically endangered Red List by the International
Union for the Conservation of Nature and Natural Resources (IUCN) since 1996
(Oates 2006; Humle et al. 2016; Kühl et al. 2017). Most wild chimpanzees face not
only ecological, but also intense anthropogenic pressures, including logging, agri-
culture, and the bushmeat trade (Kormos et al. 2003). As a consequence,
chimpanzees’ habitats have been fragmented, which has led to the isolation of
local populations (Humle and Kormos 2011). This suggests that conservation
activities need to balance the needs of local people and their chimpanzee neighbors.
These considerations can also provide insights into the welfare of captive
chimpanzees.

In Bossou, which is located 4 km west of the Nimba Mountains, the only World
Natural Heritage site (UNESCO) in Guinea, a group of chimpanzees (P. t. verus) has
been studied since 1976, when the first long-standing field study of wild
chimpanzees in West Africa was established by Yukimaru Sugiyama (Matsuzawa
et al. 2011). The Bossou chimpanzees (Fig. 17), which numbered seven in the
beginning of 2019, have coexisted over many generations with the local Manon
people who live in a nearby village. With the local human population growth in
Bossou, crop raiding by chimpanzees has become an increasingly serious source of
conflict between the chimpanzees and the villagers (Hockings et al. 2010). Because
of the lack of female migration since the start of the field study and a flu-like

Fig. 16 Panoramic view of the connection cage system

Challenging Cognitive Enrichment: Examples from Caring for the Chimpanzees. . . 519



epidemic that occurred in November 2003 (Matsuzawa et al. 2004; Humle 2011b),
this isolated population is in danger of extinction. In a conservation effort to save this
population, a tree plantation effort in the savanna—the Green Corridor project
(Fig. 18)—was started in 1997 to promote individual interchanges between wild
chimpanzee groups that lived in Bossou and the Nimba Mountains (Hirata et al.
1998; Matsuzawa and Kourouma 2008; Morimura et al. 2011b). The plantation was

Fig. 18 Schematic map of the Green Corridor project

Fig. 17 Bossou chimpanzees: Foaf (left), Yo (center), and Fana (right)
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established in 2014 (Morimura et al. 2014) and the saplings have since grown and
become small forest patches over 5 m high (Fig. 19).

Currently, bushfire from livestock farming in the dry season destroys part of
Green Corridor plantation area once every 2–3 years (Fig. 20). Without consensus
among local people for chimpanzee conservation, the completion and maintenance
of the Green Corridor is difficult. The progress of the Green Corridor represents the

Fig. 19 Plantation trees with height over 5 m

Fig. 20 Local people have been fighting bushfires in the plantation area of Green Corridor almost
every year
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local population’s tolerance toward chimpanzees in Bossou. Reforestation of this
area requires that humans agree to prioritize the needs of the Bossou chimpanzees
and to abandon agriculture and economic resources at least in the nearby protected
area. Ultimately, conservation activities demand that humans relinquish some free-
dom to protect endangered species.

This philosophy of conservation has been growing within animal welfare.
Prioritizing the demands of captive animals, for example, can raise serious concerns
in reintroduction programs for endangered species (chimpanzees: Humle et al. 2011;
orangutans Pongo spp.: Wilson et al. 2014b). A single chimpanzee experiences
captive life according to welfare considerations and then experiences natural life
under conservation protection in the course of reintroduction projects. To ensure the
survival and reproduction of reintroduced chimpanzees, their captive environment
must include ways in which the chimpanzees can learn behavioral strategies and
cognitive skills for controlling and exploring the environment. Additionally, a
plantation in a natural habitat, such as the Green Corridor project, can be regarded
as a large-scale version of environmental enrichment in the natural habitat. Refores-
tation is expected to enhance the natural behavior of wild chimpanzees to the greatest
extent possible. The issues common to welfare and conservation advance a new
perspective on how to reduce differences between wild and captive environments for
chimpanzees and other endangered species. Therefore, welfare and conservation can
complement one another to provide more opportunities for fostering the decision-
making processes that are necessary if individual animals are to cope with environ-
mental challenges (Meehan and Mench 2007).

7 The Behavioral Freedom of Chimpanzees: Cognitive
Enrichment as a Bridge BetweenWelfare and Conservation

The future contribution of cognitive enrichment is likely to be an in-depth pursuit for
expanding the behavioral freedom of wild animals in captivity. Animal welfare is
grounded in the notion of freedom. This is demonstrated by the emphasis, early in
the animal welfare movement, of the five freedoms (Broom 1988; Hosey et al. 2009)
from the Brambell Report (1965). After over 50 years of debate, the recognition of
its importance has been growing. This growth is partly fueled by the better under-
standing of animal minds and the expanding public awareness of welfare and
conservation issues (e.g., Matsuzawa et al. 2006; Penning et al. 2009; Arcus
Foundation 2015; Barongi et al. 2015). Even after the broad implementation of
environmental enrichment in captive animals, it has been rare for captive animals to
have much control over their environment in daily life. As long as captive animals
are taken care of by humans, captive animals have no choice but to express their
behavioral freedom in ways that their human caretakers permit.

The behavioral freedom of captive animals, then, differs from human freedom,
which has evolutionary basis and is rooted in anatomical, genetic, physiological,
behavioral, and cognitive characteristics that are not granted or dictated to us by
other members of society. Human freedom is therefore focused on autonomy
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(Beauchamp and Wobber 2014), perception and recognition in spatiotemporal
dimensions, self-other representations, and verbal and non-verbal communication.
Of nonhuman species, chimpanzees are the closest relatives of humans (The Chim-
panzee Sequencing and Analysis Consortium 2005). Therefore, we can acknowl-
edge that chimpanzees share aspects of some or all of these competencies with
humans. Cognitive features of behavioral freedom may have evolved not only in
humans, but also in chimpanzees and other nonhuman animals (Dennett 2003).

Because of the cognitive competencies of chimpanzees and bonobos described
above, KS recognizes behavioral freedom as being independent of the care and
management provided by humans. As it is difficult to provide captive chimpanzees
and bonobos with the same amount of space that their natural habitats offer, we
provide as an alternative the opportunity for these apes to increase the degree of
freedom in decision-making. As we are responsible for taking care of these
chimpanzees and bonobos throughout their captive lives, we must design cognitive
challenges that allow them to, as much as possible, make decisions about group
formation in the FFE. To allow captive chimpanzees’ commitment to the decision-
making process in social management with FFE, humans must prioritize
chimpanzees’ demands by giving up some control. This care management system
can be applicable to a reintroduction program of rescued wild chimpanzees and
bonobos. In this way, cognitive enrichment plays a key role in the advance of welfare
by connecting it with conservation. The notions of behavioral freedom can be
applied to all types of captive animals. Moreover, welfare improvements developed
for wild species may lead to the improvement of the welfare of other captive animals,
such as farm species.

8 Conclusion

Primate welfare research can enhance and enrich the lives of zoo, companion,
laboratory, and farm animals. Cognitive enrichment is an important component of
captive animal welfare. It focuses on the degree of behavioral freedom in daily
decision-making. During a reintroduction program, a chimpanzee experiences a
captive life that is guided by welfare considerations. Cognitive enrichment provides
challenges that aid in the development of behavioral strategies and cognitive skills
needed for survival and reproduction. After reintroduction, the individual
experiences natural life under conservation protection while practicing what it
learned through cognitive enrichment. With the increase in the number of
endangered species that results from the destruction of natural habitats by humans,
captive facilities will have to assume a greater burden to sustain captive and wild
populations. Projects bridging captivity and wild habitats, such as reintroduction
programs, will have to increasingly enhance the degree of behavioral freedom by
reducing the differences between life in captive and wild environments.
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Abstract

The development of positive reinforcement animal training methods has been an
important refinement in the care of primates living in research settings. Using
operant conditioning techniques, research primates have been taught to cooperate
with veterinary, husbandry, and research procedures. Successfully trained
behaviors include moving to locations on cue, body examination behaviors,
biological sample collection, cooperating with restraint, and promoting social
housing. Classical conditioning techniques have also been used, particularly
counter-conditioning, to reduce fear. This chapter describes these training
accomplishments and reviews the scientific evidence for the enhancement of
animal welfare associated with training. Animal training can improve the quality
of the science being conducted with primate subjects and increase the ease with
which people can work with the animals. Opportunities to make further progress
are discussed, including more incorporation of applied behavior analysis, and
thoughts on how best to develop training programs and select trainers. The use of
positive reinforcement training is continuing to grow in the primate research
community, and its full potential has not yet been achieved.
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1 Introduction

Over the last two decades, there have been major changes in how we care for
nonhuman primates (hereafter, “primates”) living in research facilities, and
developments in animal training methods have been an important aspect of this
change. There is a rising emphasis on using nonaversive training techniques, such as
positive reinforcement, to encourage participation of research primates with hus-
bandry and research procedures. This is in contrast to the use of more traditional
handling techniques that often relied on physical restraint or coercion (Laule et al.
2003). The transition to the use of positive reinforcement training (PRT) methods is
not yet complete, but those working in the laboratory animal community have begun
to recognize the power this approach has to improve the welfare of primates, the
quality of care, and the quality of the biomedical research in which the animals
participate. This movement is paralleled by similar changes in animal handling
methods taking place in zoos and animal sanctuaries. PRT is becoming best practice
for handling research primates. Within laboratory animal science, refinements refer
to modifications of procedures to minimize animal pain and distress, and to enhance
animal welfare (Russell and Burch 1959). PRT is a significant refinement.

2 Regulatory Support for the Use of PRT Methods

There is increased attention to animal training in regulatory and guideline documents
in the USA and around the world. Within the United Kingdom, Home Office
guidelines, the Medical Research Council, and other groups recommend training
primates to cooperate with procedures to reduce adverse impact on them (Prescott
and Buchanan-Smith 2007). Similarly, the European Directive on the protection of
animals used for scientific purposes emphasizes training programs that encourage
animal cooperation with scientific procedures to benefit the animals, the animal care
staff, and the quality of the science (Council of Europe 2010). In a 2010 report in the
USA, the Office of Laboratory Animal Welfare of the National Institutes of Health
supported the tenet that PRT may help in reducing stress and concluded that when
safe and feasible, nonhuman primates should be afforded PRT opportunities (OLAW
2010). In 2011, The Guide for the Care and Use of Laboratory Animals (National
Research Council 2011) further supported the use of PRT techniques. The Guide is
commonly followed by institutions worldwide as a part of maintaining their
AAALAC International accreditation, which includes a large percentage of the
facilities housing research primates. The Guide recommends using stepwise shaping
techniques for voluntary cooperation with procedures, training animals for voluntary
movement, using habituation techniques to reduce the stress, and training animals to
remain immobile to either eliminate the need for, or reduce the stress associated with,
restraint (National Research Council 2011).
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3 Basic Training Concepts

Positive reinforcement training uses operant conditioning techniques to teach
animals to voluntarily cooperate with procedures that are a routine part of life for
research primates. The fundamental principle of operant conditioning is that behav-
ior is determined by its consequences such that what follows the actions of an animal
will affect the frequency with which those actions are repeated in the future (Pierce
and Cheney 2017). When a consequence increases the probability or rate of a
behavior, it is considered a reinforcer. When a consequence decreases the probability
or rate of a behavior, it is considered a punisher (Pierce and Cheney 2017). In a
typical PRT sequence, the animal is presented with a stimulus (e.g., verbal cue,
“open”). When the animal shows the desired behavior (opening his mouth), the
behavior is reinforced (by the consequence of being given a grape) and this process
increases the chance that the animal will open his mouth again when the word
“open” is spoken in the future. Animal training is teaching, and it requires a subject
who actively chooses to participate. With an entirely positive approach, if the animal
chooses not to participate, she is not coerced into participating and there is no
negative consequence to her. The provision of choice is considered an important
component in captive animal welfare (Laule and Whittaker 2007; Washburn et al.
1991). However, given that the animal can choose to not participate, it is up to the
trainer to arrange contingencies that engage the animal in the training session to
ensure success. A good trainer keeps the subject engaged by carefully observing and
responding to the subject’s behavioral reactions and works through any resistance to
the behavior at the animal’s pace. Ensuring success requires considering factors such
as scheduling training during times the subjects and nearby animals are less likely to
be anticipating meals or procedures, and adjusting so the monkeys are less likely to
be distracted by nearby activities or social dynamics. Using preferred foods and
selecting individual reinforcement preferences are also important to increasing
training engagement (see below for further description; Martin et al. 2018).

The two most basic operant conditioning concepts that should be understood in
the context of animal training are positive reinforcement and negative reinforcement
(see Ramirez 1999 for a more in-depth discussion of training terminology). Both
positive reinforcement and negative reinforcement increase the likelihood that the
preceding behavior will recur. When using positive reinforcement, the primate
receives something (e.g., food) after displaying the desired behavior following a
cue (e.g., verbal signal). For example, if the desired behavior is for a monkey to
move to the front of her cage, when she does this, she receives a food reward. The
timely delivery of food reinforces the behavior of moving to the cage front. When
using negative reinforcement training (NRT), the likelihood of a behavior being
repeated is increased by removing an aversive stimulus. So, to achieve the same
behavior of moving to the cage front, the “squeeze-back” wall of the cage is moved
slowly toward her, she moves away from it and toward the front of the cage. When
she reaches the cage front, the squeeze back is released. Both techniques result in the
same behavior—the animal moving to the front of her cage—but the two methods
involve different experiences for the animal. In the PRT example, the monkey is
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earning something she likes (the food), and in the NRT example, she is avoiding
something she does not (the moving squeeze wall). The impact of these training
processes may have important welfare implications, and the differing effects of these
training procedures have been studied in other species. For example, horses trained
with PRT showed more exploratory behavior, less discomfort behaviors, and
participated more in training sessions than those trained with NRT (Hendriksen
et al. 2011; Innes and McBride 2008). Combining PRT with NRT led to horses that
showed behaviors associated with improved welfare compared to when only NRT
was used (Warren-Smith and McGreevy 2007). Further studies with primates are
needed to assess welfare implications of using positive and negative reinforcement
techniques.

Behaviors conditioned through operant conditioning are generally considered
voluntary behaviors, but some of the responses we wish to change would be
considered reflexive (e.g., fear response). Changing these reflexive behaviors
requires classical conditioning in which a behavior is changed through the pairing
of stimuli (Pierce and Cheney 2017). Counter-conditioning is a common application
of classical conditioning in which a stimulus that elicits one response (e.g., food that
elicits excitement) is repeatedly paired with a stimulus that elicits an incompatible
response (e.g., a needle that elicits fear) to change the response elicited by the initial
stimulus (e.g., to change the fear response to the needle). This concept was initially
developed by Wolpe (1958), and the resulting technique of systematic desensitiza-
tion (pairing relaxation with increasing degrees of a stimulus that elicits fear) is
commonly used to modify fear in a variety of settings, including human phobias and
posttraumatic stress disorders (Chance 2003; Powell et al. 2017). In applied animal
training contexts, the terms “counter-conditioning” and “systematic desensitization”
are both used to describe this process. Over time, this pairing process causes the
negative event to slowly lose its ability to adversely influence behavior (Chance
2003). Counter-conditioning can also involve reinforcing a competing response
(such as sitting calmly) to interfere with a fearful response (Callen and Boyd
1990; Wolpe 1958). For example, in a study by Clay et al. (2009), rhesus macaques
were desensitized to several items, including a pole used by animal care staff to
check the functioning of the automatic watering device. Using a counter-
conditioning technique, a food treat was paired with the insertion of the pole into
the cage in stages, and desensitization effectively reduced stress-related behaviors
originally associated with the stimulus.

Habituation, in contrast to the active process of desensitization, is a passive
process in which simple exposure to a stimulus results in a reduced reflexive
response to it (Webster 1994). Strictly, habituation and desensitization cannot be
separated because while desensitization may be taking place, habituation is as well.
Habituation can be useful in reducing a monkey’s initial fearfulness of an object or
place by just extending exposure to that item. An example of habituation is helping a
primate adjust to a transfer box (a small enclosure used to move a monkey to a
different location) by putting it near or inside his home enclosure, so he can inspect
it, touch it, and even move in and out of it on his own, thus reducing any initial
reluctance. Habituation is not appropriate to use if the animal is extremely fearful.
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4 First Steps in Positive Reinforcement Training

Whether PRT is applied to teach the primate to enter a transport box or to shift into
an outside play yard, the starting point of most PRT is establishing that the individual
will accept hand feeding (Owen and Amory 2011). If the primate is fearful and does
not accept food from a human, desensitization can reduce or eliminate this (Clay
et al. 2009). Once food is accepted, the next step is creating an association between
an initially neutral stimulus (e.g., the sound of a “clicker”) and a primary reinforcer
(e.g., food). This establishes communication whereby the sound of the clicker (now
established as a secondary reinforcer) signals to the animal that food will be
delivered. The click becomes a tool for the human to communicate that the behavior
that the primate displayed was correct. Next, the trainer uses the training technique
of shaping (breaking the behavior down into small steps or “successive
approximations”), reinforcing each step toward a behavior goal. The speed at
which training occurs depends on trainer experience (Perlman et al. 2012; Young
and Cipreste 2004), animal temperament (Coleman et al. 2005; Coleman 2012), the
preference for the reinforcement being used (Martin et al. 2018; Clay et al. 2009b),
any competing social or environmental distractions, and the types of behaviors being
trained.

5 How Positive Reinforcement Training Is Used
in the Research Environment

5.1 Training for Movement

Teaching primates to touch a target is a common first step because targets can
provide a way to efficiently move and position an animal. For example, a stationary
target (e.g., a piece of polyvinyl chloride pipe, clipped to the enclosure) can be used
to identify the location the trainer wants the animal to go to. When animals are
housed in groups, these targets can be used to keep individuals in particular
locations, allowing trainers to work with other animals without interference (Kemp
et al. 2017; Schapiro et al. 2001), or to direct individuals to a location for shifting or
separation. Alternatively, a mobile target that the trainer holds (e.g., a long, dispos-
able paper stick) is a more dynamic option. By training an animal to move his/her
body toward the mobile target, the trainer can get access to different body parts for
inspection or treatment (e.g., the upper leg for injection) (Gillis et al. 2012).

Primates are trained for a variety of behaviors related to movement to facilitate
their care. Many are regularly shifted within their home enclosures, or between their
home enclosures and play cages, outdoor yards, testing cages, holding areas, or
transport boxes. PRT is useful in establishing consistent and cooperative movement
responses by the animals (Bloomsmith et al. 1998; Veeder et al. 2009; Owen and
Amory 2011). The primates move toward the trainer or a target, and their movement
is then reinforced. The trainer may prompt with verbal cues (“shift”) and visual cues
(movement of the arm from one side to the other) which together signal “I want you
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to move over to the next run/into the box/play cage.” Consistent responses by the
animals make it easier to offer access to play or activity cages or to outside spaces.

5.2 Positive Reinforcement Training and Social Housing

PRT is used in research settings to promote primate welfare via social housing.
Social housing promotes welfare in captive primates (National Research Council
2011), and PRT facilitates being able to conduct research while animals remain
socially housed. “Cooperative feeding” is used to reduce aggression during feeding
times (Bloomsmith et al. 1994), whereby the dominant animal’s behavior of
allowing the subordinate to take food is reinforced, and the subordinate’s behavior
of taking food in the presence of the dominant is reinforced. It can be used in
situations from large primate groups housed in outdoor compounds, to pairs of
monkeys living in indoor caging and can make it possible to continue to socially
house primates who fight when food is delivered but who are otherwise compatible.
This technique can also be applied to promote social and affiliative behaviors
(Schapiro et al. 2001; Cox 1987; Desmond et al. 1987), and it may be beneficial
when introducing unfamiliar primates to one another (Laule and Desmond 1990). A
more advanced technique called “collaborative training” involves training animals to
work together toward a common goal by rewarding their mutual efforts (e.g., two
individuals are rewarded for working together to move an object), which may
strengthen social relationships (Laule and Whittaker 2007).

Somewhat ironically, using PRT to train primates to temporarily separate from
group members into individual cages (as needed for some research procedures) helps
continue social housing. Reliable and fast social separation that can be used for
procedures (e.g., biological sample collection) makes it unnecessary to individually
house monkeys for these studies (Truelove et al. 2017; Martin et al. 2018). Steps for
social separation involve training individuals to move to targets in different cages
and to remain at the targets while a cage divider is used to separate the animals.
Training may also eliminate the need for social separation during research tasks. For
example, Kemp et al. (2017) trained groups of monkeys to sit and stay at targets
during research testing procedures. With 61 out of 65 monkeys successfully trained,
this demonstrated that the complexities of social groupings can be managed so
individuals can participate in research testing while remaining within their social
group.

5.3 Training for Biological Sample Collection

Many types of biomedical and behavioral research require collecting biological
samples, and primates have been trained to cooperate with a huge number of these
procedures. Primates voluntarily participate in conscious blood collection from the
saphenous vein in the leg and from the cephalic vein in the arm (Coleman et al. 2008;
Laule et al. 1996), and via capillaries in fingers and toes (Reamer et al. 2014). With
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PRT, the collection of bodily fluids such as urine (Bloomsmith et al. 2015; Kelley
and Bramblett 1981; Laule et al. 1996; Perlman et al. 2010; Stone et al. 1994), semen
(VandeVoort et al. 1993; Perlman et al. 2003), saliva (Lutz et al. 2000; Kaplan et al.
2012; Behringer et al. 2014), and vaginal secretions (Bloomsmith et al. 2013) have
all been accomplished without anesthesia or restraint. Many of these collections can
be conducted while the animals remain in their social groups by stationing group
members so that they do not interfere with the procedures (Kemp et al. 2017). It may
be difficult to imagine primates repeatedly cooperating with blood collections or
injections because of the accompanying discomfort, but with proper preparation,
they can.

5.4 Training for Other Research Procedures

Administration of medications and the collection of physiological and biological
measurements can also be obtained via PRT training. Voluntary injections for
anesthesia, antibiotics, or vaccinations (Lambeth et al. 2006; Schapiro et al. 2005;
Videan et al. 2005), and subcutaneous injections (Perlman et al. 2004; Schapiro et al.
2005) can facilitate research. As described above, time must be taken to ensure the
positive experience associated with the procedure is more salient to the animal than
the discomfort.

Primates can also be trained to accept oral medications by targeting individuals to
the front of the enclosure, providing them with preferred fluids and foods in syringes
or cups, and slowly replacing those foods or fluids with the medication. Primates can
be trained to position and hold in place during ultrasound and other diagnostic
examinations (e.g., X-rays), and while using monitoring units (e.g., loop recorders
that measure cardiac patterns) (Schapiro et al. 2018). Ideally, the one animal that is
being treated can remain in view of his/her social group during the procedures
(Drews et al. 2011).

5.5 Training for Restraint

Restraint devices such as the squeeze back of a cage and chair restraint (see next
paragraph) are used for research that requires alert monkeys to remain still, during
which time the researcher needs access to certain areas of the monkey’s body (e.g.,
leg, back) and the ability to control the animal’s position and movement. Since these
periods of restraint are stressful (Ruys et al. 2004; Shirasaki et al. 2013), the
refinement of using PRT represents a significant shift in research animal manage-
ment. Because most of the research monkeys who live in cages will probably have
the squeeze-back mechanism used at times, it would be prudent to prepare them all
for this process. PRT and desensitization can be applied to teach calm behavior while
the squeeze back is slowly engaged.

There are generally two types of restraint chairs in use (see Fig. 1; and also
McMillan et al. 2017). With the “open chair,” the animal is removed from their home
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cage with a pole that is attached to a neck collar, guided into the chair, and then
secured via the collar. In the “box chair,” the animal is free to move its arms and legs,
and to turn around (unless additional restraints are added). With the box chair, the
animal is typically shifted from the home cage into a transfer cage and then into the
fully enclosed device. The monkey’s head is positioned, and a neck yoke is secured.
Body parts are accessible though doors on the box. The open chair typically requires
a “pole and collar” method to transfer a monkey into the chair. McMillan et al.
(2014) described an approach to prepare rhesus macaques for this using PRT with
minimal amounts of NRT, which required an average of 17 weeks. A different
approach by Bliss-Moreau and Moadab (2016) used both PRT and NRT to teach
macaques to enter a box chair, and the training was completed in 14 days. Unfortu-
nately, neither of these studies assessed physiological measures of stress, so whether
these approaches impact stress at that level is not yet addressed. Nevertheless, the
methods show promising changes in behavior.

Technology is being used to facilitate training and to prepare monkeys for studies
that use restraint chairs. In one study, rhesus who had access to a button pressing task
that provided fluid reinforcement progressed more quickly through the training
regimen than those without such experience (Tulip et al. 2017). This simple experi-
ence helped predict which subjects were appropriate for the study which required
restraint. Ponce et al. (2016) reported on technology utilizing microcontrollers
coupled to a water reward system and touch and proximity sensors to train monkeys
to enter a box-type primate chair and position their heads. This “smart chair”
responded to the animal and trains the monkeys to enter the chair without humans
in the room. The monkeys began entering the chair within hours, had completed the
training process within 14–21 sessions, requiring fewer human hours than with their
previous methods. Although this training relied on water control for the subjects, it

Fig. 1 Examples of “box” (1a) and “open” (1b) restraint chairs for nonhuman primates. Photo
credits: Yerkes National Primate Research Center, Emory University
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would be interesting to adapt it to see if the same level of success could be attained
without fluid restriction.

5.6 Moving Away from the Need for Restraint

In some situations, PRT can eliminate the need for restraint. This is responsive to
The Guide (National Research Council 2011, p. 29) which states that “Alternatives
to physical restraint should be considered.” For example, when blood samples were
obtained from conscious monkeys by using the squeeze-back mechanism as com-
pared to using chair restraint, there were changes in physiological measures (e.g.,
plasma glucose, cortisol) indicating reduced stress with the squeeze back in the home
cage (Shirasaki et al. 2013). In some cases, it may be possible to completely avoid
the use of physical restraint. In one laboratory, comprehensive changes were made
such that research sample collection, veterinary care, and husbandry were all
converted to be trained primarily with PRT (Graham et al. 2012). The people in
the laboratory trained monkeys on hand feeding and drinking, shifting into a
transport box to obtain weight, and presenting a limb for vascular access port use
(for intravenous access for large volume blood collection and intravenous injection),
blood collection (heel stick), drug administration (subcutaneous and intramuscular),
and basic physical examination. The training consisted mostly of PRT and resulted
in almost completely replacing chair restraint with home cage sample collection; the
need for chemical restraint was negligible for the trained cohort. (See later section for
a discussion of how this enhanced science.)

5.7 Training Cooperation with Veterinary Care

Other behaviors trained with PRT can promote medical management of primates.
For example, body examination behaviors where the primate presents limbs, hands,
feet, ears, eyes, back, sides, open their mouths, etc., on cue, help facilitate their
health care. Health problems such as ear infections and eye trauma can be treated
(Magden 2017), rectal or tympanic temperatures can be assessed, and wounds
treated. Being able to readily apply topical treatments reduces the need to remove
animals from their social groups and reduces the use of anesthesia (Schapiro et al.
2018; Magden 2017). Presentation of body parts can also facilitate pain management
via acupuncture treatment (Magden et al. 2013). Training for presentation of the
perineum allowed the rapid detection of pinworm infestations (Schapiro et al. 2005),
and training for swabbing nasal passages allowed testing for infection (Hanley et al.
2015).

Primates have been trained to cooperate with ultrasound examination needed for
the evaluation of prenatal development (Savastano et al. 2003) and with treatment
using a nebulizer to manage respiratory problems (Gresswell and Goodman 2011).
Some primates have been trained to cooperate with blood pressure measurement
(Zoo Atlanta 2011). Finally, weight management in captive primates is a common
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clinical concern necessitating diets and monitoring. McKinley et al. (2003) used
PRT to train marmosets get on a scale for weighing, and other primates can be
trained to enter a box containing a scale or to step onto a scale.

6 Is There a Role for Negative Reinforcement?

As should be obvious by now, PRT’s value for improving welfare and developing
calm and willing subjects for research is well established, but there are practical
drawbacks to using only PRT. As we will discuss in a later section, PRT typically
requires significantly more time to train animals on a particular behavior than when
NRT is used, and developing proficient trainers requires a good deal of learning, as
they develop an understanding of animal behavior, of training terminology, training
options, and the problem-solving skills that are an essential component of training.
For the sake of personnel efficiency, in many cases NRT is used with PRT even as
programs are evolving toward making maximal use of PRT (Perlman et al. 2012;
Prescott and Buchanan-Smith 2007). Continuing the use of NRT may be needed
during this transition period as the laboratory animal community embraces the
increasing use of PRT. For now, the reality is that NRT is probably used at almost
all research facilities for some behaviors, for certain animals, and/or at some times.
We believe it is important to make deliberate decisions about the appropriateness of
using NRT within your own facility, with the goal of minimizing its use. Examples
of aversive stimuli that are commonly used in NRT are noises (e.g., clapping of
hands or banging) to get an animal to move, use of the squeeze back mechanism, a
person entering an enclosure to get the monkey to move into a transfer box or tunnel,
and threatening a primate with a dart gun to get the animal to present for an injection.
Novel stimuli (e.g., a distinctive bucket) are sometimes aversive and therefore can
serve as negative reinforcers and have been used in shifting primates (Wergard et al.
2015).

There have been few evaluations comparing the use of PRT and NRT in primates,
and we encourage more such studies to be conducted. Wergard et al. (2015)
compared rhesus macaques that were trained to move into a section of their enclo-
sure and to tolerate a gate being closed to confine them. They compared two
methods—PRT and combined reinforcement training. The second method included
presenting novel objects as aversive stimuli (which the monkeys avoided by moving
into the desired area) and then positively reinforcing the monkeys’movement. None
of the monkeys trained with PRT completed the behavior in the allotted time, while
10 of the 12 monkeys in the combination method were trained. They also found that
the combination method had no negative effect on the monkeys’ responses toward
the trainer. The monkeys trained with PRT exclusively sought contact with their
trainer more, while those monkeys who experienced the combination method
showed a nonstatistically significant tendency to seek this contact. The monkeys
did not show overt signs of anxiety during the combination method training sessions.
Another study found that animal temperament may play a role in how primates
respond to different training methods. Hannibal et al. (2013) reported that, although
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rhesus with certain personality measures responded more quickly to the NRT
training method, they also showed more human-directed aggression and fear. They
concluded that, although training times maybe faster using NRT for monkeys with
certain temperaments, due to human safety and animal welfare concerns, it was
better to exclusively rely on PRT (Hannibal et al. 2013).

We suggest certain guidelines that can be followed when NRT is being used, that
will help to more quickly transition into a PRT model as soon as practical. These are
(1) to use PRT to accomplish as much of the task as possible; and when NRTmust be
introduced, (2) to apply a minimal amount of the aversive stimulus, (3) to remove the
aversive stimulus as soon as the needed behavior is offered, and (4) to immediately
follow up the desired behavior with PR. The overall goal is to eliminate the use of
NR as soon as is feasible. As an example of this, Bliss-Moreau et al. (2013) used PR
and NR when training macaques to enter an enclosed restraint chair and found that
the NR could be gradually eliminated for all of the subjects. We applied our
guidelines for a study requiring the collection of vaginal fluid samples from female
rhesus macaques. We needed the monkeys to come to the front of their enclosures,
turn around so that their hindquarters faced the trainer, and hold this position while a
cotton swab was inserted for sample collection. A date was set as to when reliable
performance would be needed so the study could begin. We conducted 40 training
sessions with each monkey using only PRT. At this point, some were reliably
performing the behavior, but for those who were not, we began using NRT. The
trainer gave the cue for the behavior, and if the monkey did not respond, the squeeze-
back mechanism was unlocked and slowly moved forward. To ensure we were using
the minimal magnitude of the aversive stimulus, as soon as the subject performed the
needed behavior, the squeeze back was released and the trainer took her hand off
it. Furthermore, when the subject showed the behavior, the trainer immediately
delivered a positive reinforcer. In the end, subjects who were not fully cooperating
after the first 40 training sessions were cooperating by the time they had an average
of 14 more sessions using the combination of PRT and NRT. We have used similar
approaches training other behaviors with similar success (McMillan et al. 2014).
Incorporating minimal NRT into PRT sessions can help to balance the welfare
benefits of PRT with the practical need to conduct research.

7 Training to Improve Animal Welfare

This section provides examples of how PRT improves the welfare of primates. An
underlying principle of PRT is that it gives primates control over some events,
fosters exploration, enhances performance on cognitive tasks, and may reduce stress
responses (Hanson et al. 1976; Mineka et al. 1986; Roma et al. 2006; Washburn et al.
1991). These outcomes are all related to improved well-being (Novak and Suomi
1988).

Training reduces stress experienced by research primates by diminishing the need
for physical restraint and/or the use of anesthesia, so the stress that accompanies
those procedures is encountered less often (Graham et al. 2012). Another way that
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PRT reduces stress is by changing the animal’s experience with procedures such that
they become less stressful. For example, chimpanzees who voluntarily presented for
the injection of an anesthetic agent had significantly reduced physiological measures
of stress when compared to chimpanzees who were anesthetized via chemical darts
(Lambeth et al. 2006). Cynomolgus macaques given daily PRT sessions showed
decreased stress compared to controls by hormonal, hematological, and cardiovas-
cular measures (Koban et al. 2005). A measurement of acute, chronic stress—
thymus involution—was significantly reduced in cynomolgus macaques who
received primarily PRT for research procedures when compared to subjects who
were handled using conventional methods (Graham et al. 2012). And cynomolgus
macaques who experienced refined restraint techniques and positive socialization
with humans showed less fear to care staff, as well as lower heart rate and blood
pressure values with less between-animal variation, thus improving the sensitivity of
those measures (described in Prescott and Lidster 2017).

Physical restraint and conventional handling methods restrict an animal’s ability
to make choices and exert control over their environment. By reducing their use
through training, we also provide animals with more opportunities for choice and
control. Control over one’s environment is considered to be a basic component of
welfare, and providing animals with control over some elements of their daily
routines can improve behavioral and physiological measures of welfare
(Buchanan-Smith and Badihi 2012; Hanson et al. 1976; Mineka et al. 1986). Choices
are based on an individual’s past experiences with the available options, and the
nature of past consequences likely impacts the emotional valence of the choice. In a
training context, choices based on a history with PRT-only contingencies are likely
to produce the most welfare benefit as animals can choose whether to participant in
training or not, and no negative consequences result from the choice not to partici-
pate. However, if aversive consequences have been used, an animal’s choice might
be analogous to us choosing between paying taxes and going to jail. The animal may
still choose, but the choice is not without stress. Nonetheless, even when the eventual
outcome is the same, animals prefer choice conditions over no-choice conditions
(Catania and Sagvolden 1980; Perdue et al. 2014; Suzuki 1999; Voss and Homzie
1970), further indicating the importance of choice in welfare considerations.

An additional mechanism by which PRT improves welfare is by facilitating social
housing as described above (Sect. 5.2, Positive Reinforcement Training and Social
Housing). PRT can also be used to reduce behavioral problems such as stereotyped
behavior (i.e., repetitive, invariant, and seemingly without function, such as pacing;
see Lutz and Baker 2022). Training can reduce the frequency of stereotyped
behaviors during times when a trainer is working with the primates (Bloomsmith
et al. 1997; Morgan et al. 1993). However, behavioral data collected outside of
training sessions show conflicting findings; two studies showed no generalized effect
so stereotypies were not reduced when the trainer was absent (Baker et al. 2009;
Bloomsmith et al. 1997), while three studies reported a generalized decrease in
stereotypies (Bourgeois and Brent 2005; Coleman and Maier 2010; Pomerantz and
Terkel 2009). When PRT was used to train a behavior incompatible with pacing
(e.g., remaining still), stereotyped behavior was reduced outside of training times
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(Bourgeois and Brent 2005). PRT may also prevent the development of stereotyped
behavior, as has been found with young nursery-reared rhesus monkeys (Brunelli
et al. 2009). Combining PRT with other approaches (e.g., social group
manipulations, drug therapy) reduced the extreme stereotyped behavior in a male
bonobo (Prosen and Bell 2000). While there seems to be promise in using PRT as a
treatment and perhaps as a preventative measure, it is important to note that no study
found that PRT eliminated stereotyped behaviors.

Self-injurious behavior (self-directed hitting, biting, and so on that can cause
physical harm) has also been addressed through PRT. One chimpanzee was treated
with a combination of enrichment, socialization, drug therapy, and PRT (Bourgeois
et al. 2007), and at the time of publication, he had not self-injured for 2 years. The
PRT component involved training him to perform a behavior incompatible with the
self-injurious behavior and desensitizing him to arousing stimuli. Prosen and Bell
(2000) used a similar combination approach to successfully treat a bonobo who
exhibited self-injurious behaviors.

Counter-conditioning techniques are used to reduce fearful behavior. Although
fear has not been fully studied in relation to primate welfare, it is used as a
measurement of welfare in domestic species. For example, fear of humans is an
essential component for the assessment of the “human–animal relationship” in
farmed animals (Waiblinger et al. 2006). Fearful behavior in rhesus macaques was
reduced using PRT when individuals who showed fear to routine husbandry tasks
(e.g., removing food from a cage, spraying water from a hose) were desensitized to
these experiences (Clay et al. 2009).

8 Positive Reinforcement Training Helps People Working
in Research Settings

Successful animal training programs benefit the people working with animals, too.
First, although PRT typically requires more time than training the same behavior
with more traditional techniques, it can result in time savings over the long term.
Procedures such as moving primates to different areas (e.g., locking them outside
while indoor spaces are cleaned), transporting them between enclosures, and
collecting biological samples can be completed much more quickly once primates
have been trained. Several studies have documented these time savings. McKinley
et al. (2003) found a savings of 91% of the time required to weigh marmosets once
they were trained. Veeder et al. (2009) trained a group of mangabeys to move from
one area of the enclosure to another for cleaning, saving 46 min a day of animal care
staff time, and the total training time required was recouped in fewer than 35 days.
Research procedures can have similar time savings. Graham et al. (2010) reported
that monkeys trained to present their vascular access ports had procedures completed
in less than 5 min in their home cage as compared to chemical restraint for the same
procedures, which required a minimum of 30 min, or using chair restraint, which
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required a minimum of 10 min. They suggested that such training is especially
relevant for procedures that require repeated accesses during a short period.

Second, job satisfaction can be improved by implementing animal training.
Training is a challenging collaboration with animals. Many people working in
animal care, veterinary care, and research roles clearly derive personal satisfaction
from training the monkeys with whom they work. This is bound to be especially true
when the training diminishes stress for the animals and/or for staff. If people are not
aware of alternatives to forcing an animal to complete a procedure, they may feel
badly for the animal, but also feel as though they have no choice. Once individuals
learn to perform the same procedure in a way that is better for the animal, they are
relieved and take pride in their accomplishment. Becoming a competent animal
trainer is an important skill that people can take with them as their careers develop
and may help them qualify them for other jobs. PRT can also improve the job
experience for people by reducing monkey aggression toward humans (Minier et al.
2011) and reducing the risk of injury for people and animals (Graham et al. 2010).

The widespread implementation of positive reinforcement training techniques in
the laboratory setting also has the potential to improve public perception of primate
research. Using PRT affords another opportunity to educate the public about how
those working in the primate research community are concerned about the welfare of
each individual primate in their care. There is a growing movement for increasing
transparency and strengthening public engagement within the biomedical research
community (e.g., Animal Research Tomorrow 2020), and being able to demonstrate
how primates are taken care of and prepared for their role in research should be a part
of this.

9 Positive Reinforcement Training Improves Science

PRT approaches to animal handling can enhance the quality of science by improving
animal welfare. Prescott and Lidster (2017) review evidence in support of the notion
that “good welfare equals good science,” (p. 152) which highlights the relationship
between animal welfare and the quality of science. They conclude that “. . .in all
cases every effort should be made to minimize unnecessary harm because animals
with compromised welfare have disturbed behavior, physiology and immunology.”
(p. 152) (also Schapiro and Hau 2022). The reliability and repeatability of scientific
findings are increased by furthering the welfare of the animal subjects (Graham et al.
2012; Prescott and Lidster 2017).

As described in the animal welfare section above, many studies have
demonstrated how PRT can reduce stress experienced by primates. This stress can
be an experimental confound to many research studies, so PRT benefits science by
minimizing this confound, which improves data quality and facilitates better inter-
pretation of the data. This may be especially important for studies of immunology,
cardiovascular health, or other studies of stress-sensitive measures. Substantial
reductions in stress attributed to no longer needing to restrain subjects may decrease
variation in the animal model and could reduce the number of animals necessary for
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meaningful results. Graham et al. (2012) make the case that one benefit of PRT in
research is that it is more similar to medical management in humans by eliminating
restraint, keeping the environment familiar, dynamic, and social, and providing
positive relationships with caregivers.

PRT also increases the ease of performing certain procedures with primate
subjects and, in some cases, makes it possible to collect data that could otherwise
not be collected. For example, chimpanzees involved in a long-term study of aging
were trained for urine collection needed for hormonal analysis. Voluntary urine
collection was deemed superior to blood collection methods because it was nonin-
vasive, fast, and easier to collect frequently and over a long period of time
(Bloomsmith et al. 2015). As Graham et al. (2012) point out, cooperation from
monkeys makes it possible to collect more complete experimental data, as well as
producing data that are more reliable, in both in vivo and laboratory evaluations.

10 Advancing Animal Training Through Behavior Analysis

As should be clear from this chapter, there has been tremendous progress in training
primates in a research setting, but there is always room for improvement. One path to
further growth is to better utilize a field of psychology called applied behavior
analysis (ABA). Practitioners of this approach, called behavior analysts, build on
principles of classical and operant conditioning and study how to gain control over
behavioral problems in humans. ABA is best known for its success in addressing
problem behaviors in children with autism and other developmental disabilities.
Several arguments for the inclusion of ABA techniques have been published
(Bloomsmith et al. 2007; Maple and Segura 2015; Martin 2017). The application
of ABA offers the opportunity to determine the cause of a behavior and to treat that
behavior according to its function, as seen in studies involving functional analysis of
human behavior. Recently, some experimental techniques developed in ABA have
been applied to the study of captive animals.

10.1 Functional Analysis

In human clinical settings, behavior analysts have developed a functional analysis
technique that allows them to identify the underlying reinforcer, or function, of an
undesirable behavior (e.g., social attention from a parent might be inadvertently
reinforcing head-banging behavior in a child with a developmental disorder).
Identifying and altering the consequences that reinforce these problems can amelio-
rate that problem behavior. During a functional analysis, an experimenter provides
the subject with putative reinforcers (e.g., social attention, escape from a task or
demand) contingent on the occurrence of the problem behavior. The rate of problem
behavior in these test conditions is compared with its rate in a control condition in
which there are no demands placed on the subject and she/he is given response-
independent social attention and/or tangible items (Iwata et al. 1982). By analyzing
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which contingencies result in higher rates of the problem behavior, the function of
the behavior can be determined. Functional analysis techniques have been used to
understand the environmental contingencies maintaining self-injury (e.g., Iwata et al.
1982), aggression (e.g., Derby et al. 1994; Mace et al. 1986; Thompson et al. 1998),
stereotypies (e.g., Derby et al. 1994; Goh et al. 1995), food refusal (e.g., Munk and
Repp 1994; Piazza et al. 2003), and other problem behaviors in developmentally
disabled children and adults (see Hanley et al. 2003 for a review), and to successfully
treat those behaviors (Didden et al. 1997; Ingram et al. 2005; Newcomer and Lewis
2004).

Functional analysis was adapted to determine the function of feces-throwing and
spitting in a male chimpanzee (Martin et al. 2011). The results showed that these
behaviors were highest during the positive reinforcement condition, indicating that
the combination of social attention by humans and access to fruit juice were the
strongest reinforcers for these behaviors. A treatment system was designed that
combined extinction contingencies (no longer providing attention or juice) for the
target behaviors (i.e., feces-throwing and spitting were ignored) with an alternate,
more appropriate way for the subject to gain access to these reinforcers (holding on
to a plastic ring). This intervention was effective in reducing the problem behaviors
to a small fraction of their previous levels (Martin et al. 2011). In zoos, functional
analysis-based techniques have been used to successfully treat hair pulling, hand
biting, and foot biting in olive baboons (Dorey et al. 2009), and human-directed
aggression in a black-and-white ruffed lemur (Farmer-Dougan 2014). Given the
success of this technique, its use is drawing more attention, with several recent
publications advocating for an increase in research in this area (Edwards and Poling
2011; Farhoody 2012; Maple and Segura 2015).

Despite the success of functional analysis, its use has limitations in animal
settings. The previous studies (Dorey et al. 2009, 2012; Farmer-Dougan 2014;
Martin et al. 2011) all tested and identified reinforcers that were provided by
humans. When behaviors are maintained by human-controlled reinforcers, func-
tional assessments are relatively easy since the human experimenter can differen-
tially deliver those reinforcers in the experimental conditions. However, it is unlikely
that social reinforcement from humans is the reinforcer for most problem behaviors
seen in research primates. These behaviors are probably also maintained by “auto-
matic” (nonsocial) reinforcement, such as an increase or decrease in arousal (see
Martin 2017 for discussion), or by social reinforcement provided by other monkeys.
These reinforcers are much harder to vary systematically as one would in a standard
functional assessment, so further adaptations of functional analysis will be needed to
test these additional functions.

10.2 Preference Assessment

Preference assessment offers an empirical approach to determining stimuli that may
work as positive reinforcers (Fernandez et al. 2004; Clay et al. 2009). Although it
may seem that people familiar with the training subject would know the best
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reinforcers for that person or animal, studies show that staff opinion is not very
reliable (Gaalema et al. 2011; Green et al. 1988; Mehrkam and Dorey 2015). There
are several ways to conduct preference assessments, and a popular method, multiple
stimulus without replacement (DeLeon and Iwata 1996), involves the subject being
presented with an array of items, and the subject chooses items one at a time.
Preference testing can be completed quickly, just prior to a training session, since
preferences may be dynamic.

After preferred items are identified, they can be further evaluated to determine
their effectiveness as reinforcers. That is, when a food item is highly preferred, will it
improve the speed of acquisition or the strength of reinforcement (Hutson and
Mourik 1981; Vicars et al. 2014)? More preferred foods resulted in higher levels
of engagement during training sessions with rhesus macaques (Martin et al. 2018).
So, it seems that preference testing can be used to help boost the efficiency of PRT
sessions.

Functional analysis and preference testing are just some of the techniques used
within ABA that may be useful in captive animal environments. Maple and Segura
(2015) have recommended partnerships between universities and zoos to expand the
application of ABA in zoos. Such partnerships offer unique opportunities for
collaboration to increase the well-being of animals in zoos and should serve as an
example for primates in research facilities.

11 Developing Animal Training Programs

11.1 Program Structure

As the value of PRT has become clearer to those working with research primates,
there is growing interest in establishing formal animal training programs. Such
programs may include dedicated personnel, education programs, practices to
increase consistency among trainers, documentation systems, and evaluations of
trained animals. More comprehensive descriptions of how to set up training
programs have been published (Perlman et al. 2012; Prescott et al. 2005), so here
we will illustrate a few key elements. Animal training programs can be structured in
three ways: project-based, section-based, or facility-wide (Perlman et al. 2012;
Whittaker et al. 2008), each with its own strengths and weaknesses.

11.2 Project-Based Approach

This approach usually involves a small number of animals and a small number of
staff members. Typically, specific objectives are set out, such as a veterinary
technician teaching the monkeys in one study to present their ears for a blood
sampling procedure. Advantages of this approach are conferred to the small number
of animals and to the individuals who conduct the training. The project-based
approach can serve as a catalyst for other training projects and may develop into a
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section-wide program if others working with the first individual begin training.
Drawbacks are that relatively few animals and people are involved. Additionally,
without much supervisory oversight there may not be sufficient time and other
resources devoted to the project. Training techniques and protocols may also not
be adequately developed. Lastly, the project may be stopped prematurely if the
primary trainer stops or leaves his or her position.

11.3 Section-Wide Approach

The section-wide approach is when an entire department or research unit is involved,
usually supervised by a manager and including multiple staff working on training
objectives with all the animals in their area. For example, all members of a research
laboratory might coordinate to train their primates to cooperate with research
procedures. With involvement of a manager, typically oversight is improved.
Trainers are better supported in learning needed skills, having the time to train,
and consistency is increased across trainers. Weaknesses of this approach are that it
is limited to one work unit, so the trained behaviors may not be used by others
working with the same animals (e.g., a veterinary technician may not ask a monkey
to present for an injection, even though the research staff has trained the monkey).
Additionally, the program may not continue if the manager leaves his or her position.

11.4 Facility-Wide Approach

The most comprehensive approach is facility-wide, which is implemented through-
out the institution and has support from multiple levels of management and multiple
departments. There may be people involved from animal care, veterinary staff,
colony management, behavioral management, research groups, administration,
occupational health and safety, facility or operations management, and regulatory
oversight groups (e.g., Institutional Animal Care and Use Committee). For example,
a research facility might have a centralized training committee with representatives
from these groups who develop broad training objectives that involve most or all the
animals at the institution. Advantages of such an approach are that more animals,
people, and research projects will experience the benefits of the training, and
typically, more resources are devoted to the program. Such an approach creates a
framework of safety, education, consistency, and communication that is very valu-
able. Drawbacks of a facility-wide training program are largely the significant costs
and personnel time required to support such a program.

11.5 Personnel Considerations

How should animal training programs in research facilities be staffed? Individuals
need to be assessed for their potential to serve as animal trainers, given appropriate
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educational opportunities to learn animal training techniques and terminology, and
afforded proper oversight and support. Schapiro et al. (2018) suggest that patience
and consistency are important characteristics to look for in personnel who serve as
trainers, and we agree. Patience is important when training is not progressing as
quickly as the trainer might prefer. Consistency is important in getting an animal to
understand what you are asking him/her to do, as well as facilitating multiple people
training the same primates. In addition, a deep understanding of classical and operant
conditioning is fundamental. When training is ineffective, it is important for the
trainer to be able to discern what behaviors are being reinforced, or not, as these can
signal why training may not be going well. Openness to new ideas, a high motivation
to train, and a willingness to try different techniques are also important. New ideas in
PRT are constantly being published, and an openness to them can make a trainer
more successful. Additionally, being open-minded to the critiques of other trainers is
a valuable characteristic. Finally, as with most endeavors, attitude is everything. It is
important to keep a positive attitude and optimistic outlook when training an animal.
Frustration and low morale can be manifested during training sessions in ways that
trainers may not even be aware. If a trainer doubts that training will be successful,
there is almost a 100% guarantee that it will not be. When a negative attitude gets in
the way of training, patience and openness to new ideas begin to wane. To maintain a
positive outlook, it is important to celebrate the small gains, too, particularly as they
usually lead to larger ones.

Trainers will develop expertise by having the proper educational background and
continuing education in animal training. The most relevant educational background
will include formal coursework in animal learning and conditioning or ABA. When
this is lacking, it may be possible for trainers to take courses at a local college or
through an online program. Continuing education options include reading books and
articles about training and the training accomplishments of others (see Table 1 for a
list of resources), completing a certification program (e.g., Karen Pryor Academy
2021; Animal Behavior Institute 2017; ILLIS ABC Animal Behavior Consulting
2018), or attending a workshop (see American Society of Primatologists 2020).
Some facilities have arranged short internships for new trainers so they can observe
an established program at another institution. Hiring consultants can be useful to
review training programs, provide instruction on training techniques, and give
feedback to animal trainers. We also suggest that those who are training within an
institution work together and establish facility-wide goals through a training com-
mittee. Trainers may also review IACUC protocols for animal training opportunities
as studies are being started. Lastly, plan discussion groups that bring laboratories or
departments together to troubleshoot and discuss training techniques for challenging
behaviors (Perlman et al. 2012).

Training Research Primates 547



12 Moving Forward

We conclude that PRT for primates in a research setting is effective, enhances
primate welfare, and improves the quality of biomedical research. These outcomes
are well worth the investment of time, money, and personnel education needed to
facilitate a PRT program. The use of PRT is continuing to grow in the primate
research community, but its full potential has yet to be achieved. For this movement
to continue, several things need to take place. Existing techniques need to be applied
more broadly within veterinary care programs and within biomedical research
programs. More research facilities should hire animal trainers. Furthermore,
continuing educational opportunities need to be made more widely available for
people who want and need to become competent trainers. Finally, the increased use
of technology to support and enhance animal training, and to improve its efficiency,
will be an important step in the direction of realizing the potential of PRT.

Behavioral scientists should play key roles in continuing to foster the use of
positive approaches to training. Those who understand animal learning and condi-
tioning need to be leading this process, and they should conduct more quantitative
evaluations of the effects of training on a range of dependent measures related to
welfare. Specialists in ABA will be important as they adapt their techniques to the
research setting and teach others to correctly apply this paradigm to modify the
behavior of primates. Those scientists who conduct biomedical research with
primates also have an important role as they incorporate the time and money required
for PRT into grant proposals and study plans from the beginning. They should also

Table 1 Suggested readings for an introduction to PRT

Graham, ML (2017) Positive reinforcement training and research. In: Schapiro SJ (ed) Handbook
of primate behavioral management. CRC Press, Boca Raton, pp 189–197.

Laule GE, Bloomsmith MA, Schapiro SJ (2003) The use of positive reinforcement training
techniques to enhance the care, management, and welfare of laboratory primates. J Appl Anim
Welf Sci 6(3):163–174.

Magden ER (2017) Positive reinforcement training and health care. In: Schapiro SJ (ed)
Handbook of primate behavioral management. CRC Press, Boca Raton, pp 201–213.

Martin AL (2017) The primatologist as a behavioral engineer. Am J Primatol 79(1): 1–10.

Perlman JE, Bloomsmith MA, Whittaker MA et al (2012) Implementing positive reinforcement
animal training programs at primate laboratories. Appl Anim Behav Sci 137(3):114–126.

Prescott MJ, Buchanan-Smith HM, Rennie AE (2005) Training of laboratory-housed non-human
primates in the UK. Anthrozoös 18(3):288–303.

Pryor K (2002) Don’t shoot the dog! The new art of teaching and training. Ringpress Books Ltd,
Lydney.

Ramirez K (1999) Animal training: successful animal management through positive
reinforcement. Chicago.

Schapiro SJ, Magden ER, Reamer LA et al (2018) Behavioral training as part of the health care
program. In: Weichbrod RH, Thompson GAH, Norton JN (eds) Management of animal care and
use programs in research, education, and testing. CRC Press, Boca Raton, pp 772–788.

548 M. Bloomsmith et al.



assess the effects of PRT on the dependent measures in their research programs.
Some have found benefits to their research, but if there are unintended or undesirable
effects, those should be documented and dealt with so that the research progresses
with PRT best practices firmly in place.
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Part V

Biomedical Research, Ethics, and Legislation
Surrounding Nonhuman Primate Welfare



Arguments Against Using Nonhuman
Primates in Research

Jarrod Bailey

Abstract

Most people oppose using nonhuman primates for research from an ethical
standpoint because it can cause pain and suffering to the subjects and usually
leads to their death. Some accept it, often reluctantly, because they believe it is
only conducted when necessary, and that it results in medical progress, and
therefore human benefit. Here, I outline an argument that nonhuman primate
experiments are unnecessary, misleading, are mostly counter-productive due to
wide-ranging biological differences between species; and that there are other
humane and superior alternatives that researchers could, and should, be making
much more use of instead. Nonhuman primate experiments have failed in many
areas, including drug testing, and research into HIV/AIDS, neurological function,
and diseases such as Parkinson’s, stroke, and others. Yet, they persist, possibly
due to convention, habit, and/or vested interests, and humans pay the price with
failed attempts at understanding human diseases and finding treatments for them,
while the nonhuman primates pay the price in laboratories. A more critical
appreciation of the harms and benefits involved, which are greater and lesser,
respectively, than commonly portrayed, would expedite an overdue shift away
from nonhuman primate experiments that would benefit all primates—including
humans.
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1 Introduction

I have spent more than a quarter of a century as a scientific researcher. I spent my
student days studying genetics/molecular biology, my days in the laboratory
investigating premature birth, and more recently I have been working as a
researcher/writer critiquing the use of animals in science and promoting humane
alternatives. Throughout this time, my opposition to the use of animals in harmful
experiments has grown, both ethically and scientifically. This chapter presents some
of the evidence on which my opposition is based, including my own work. At the
same time, it is not a simple statement of evidence: I have been forthright in stating
my opinions and conclusions. While I remain confident in them, I naturally encour-
age the reader to take on board other evidence and points of view, to come to their
own conclusions.

Subjecting animals, and in particular nonhuman primates, to scientific
experiments is highly controversial. Those who practise, fund, and advocate such
experiments claim that these experiments are indispensable for medical progress; yet
public opinion polls over the years demonstrate clear and growing opposition to this
work, often in spite of professed human benefit. A UK poll conducted on behalf of
the government in 2014 found that just 37% of people agreed with the use of animals
in “all types of research”, with only 16% accepting experiments on monkeys, even if
they clearly benefitted people (Ipsos MORI 2014). Across Europe, a 2009 poll
revealed that 79% of people supported a new law to “prohibit all experiments on
animals which do not relate to serious or life-threatening human conditions”, with
84% agreeing this “should prohibit all experiments causing severe pain or suffering
to any animal” (BUAV/YouGov plc 2009); and in 2010, 56% of Europeans agreed
that scientists should not experiment on large animals like dogs and monkeys for the
improvement of human health and well-being (TNS Opinion and Social 2010). In
the U.S., various polls consistently show a majority of the public opposing animal
experiments, and the proportion is increasing over time (see Merkley et al. 2018).
Such public objection has had little impact on nonhuman primate experiments,
however, which continue to take place in the tens of thousands each year. Recent
statistics reveal more than 72,000 nonhuman primates were used in experiments
annually, including around 64,000 in the U.S. (United States Department of Agri-
culture (USDA)—Animal and Plant Health Inspection Service (APHIS) 2014), and
6000 across the EU (European Commission 2013), including around 2400 in the UK
(UK Home Office 2020). Many more nonhuman primates are housed in labs and
used for breeding, but not used experimentally, in any one year, and many more will
be involved in experiments across the rest of the world (Taylor et al. 2008; Knight
2008). Until 2011, and despite significant public objection, invasive chimpanzee
research was still funded in the U.S., with some 1000 or so individuals being housed
in American laboratories (Institute of Medicine and National Research Council
2011).

These 72,000 nonhuman primates are used in experiments that range from testing
new drugs and chemicals for information about human safety, to the creation of
“models” to help understand diseases that affect people, and to help develop new
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therapies for these diseases (see Sect. 2, “Uses of Nonhuman Primates in Research”
below). These experiments indisputably cause pain and suffering, which can be
substantial and severe (see Sect. 4.5, “Ethical Argument” below). This chapter
investigates two related claims by those who advocate nonhuman primate research
(see, for example, Jennings et al. 2016; Verdier et al. 2015; Phillips et al. 2014;
Tardif et al. 2013; Vallender and Miller 2013; Chan 2013; Bateson 2011). The first is
that suffering is mitigated and largely negligible, or at worst, and rarely, “moderate”.
The second is that, where suffering does occur, it is justified by human benefits that
depend on that research in the form of new treatments for human diseases, or at least
steps toward an improved understanding of those diseases, and how they may be
tackled in the future. They also claim that such experiments are a last resort, when no
alternative approach is possible; that the welfare of those nonhuman primates is
important, that their suffering is kept to a minimum; and that data derived from those
experiments are frequently relevant to humans, particularly given the close evolu-
tionary relationship of nonhuman primates to humans, especially relative to, for
example, rodents.

My chief argument is that using nonhuman primate experiments to inform human
biology, disease, and responses to drugs and chemicals is not only a current and
historical failure, but that it can only ever be counterproductive due to intractable,
myriad, and notable biological interspecies differences. I also argue that opposition
to, and questioning of, nonhuman primate research is growing, even within a largely
defensive and conservative scientific community; and that there are many and
varied, superior, less inhumane, more human-relevant research and testing methods
that should be adopted much more widely, and which would expedite our under-
standing of human diseases and the quest for treatments for them. Finally, and only
relatively briefly owing to guidelines on chapter length (though in no way suggesting
the ethical argument is subordinate to the scientific one), I argue that the suffering of
nonhuman primates in experiments is frequently much greater than is acknowledged,
and that the standard of care for the nonhuman primates is often found wanting, or
even extremely poor.

2 Uses of Nonhuman Primates in Research

2.1 Drug/Product Testing

Before drugs are tested in humans for the first time, it is obviously important to
ensure that they are going to be safe for clinical trial volunteers, and likely to be
efficacious. Regulatory agencies, such as the U.S. Food and Drug Administration
(FDA) and the European Medicines Agency (EMA), require evidence from the
manufacturers to this end. Much of these data are from preclinical trials—including
animal tests—which establish the pharmacokinetics of the new drug (how it is
absorbed and distributed around the body, metabolized, and excreted) and how
toxic it may be. These animal tests are required to be conducted in at least two
species: one rodent (typically rats or mice), and one nonrodent (typically dogs or
monkeys) (e.g., European Parliament 2004; U.S. Congress 1938). This requirement
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is in itself an acknowledgment of differences in drug effects, toxicity, and response
between species, conducted in the hope that one species might detect effects not
revealed by the other (Hasiwa et al. 2011) (see Sect. 3, “Empirical Evidence of
Benefits” below).

2.2 Disease Modeling/Basic Research

It is probably true to say that, if a human disease exists, or if a biological system
needs more understanding, attempts to model/investigate it in nonhuman primates
will have been made. Common areas of research have included: Alzheimer’s and
Parkinson’s diseases; cardiovascular diseases including stroke; neurological
research; infectious diseases, including viral hepatitis and HIV/AIDS; and respira-
tory diseases. In many cases, nonhuman primates do not naturally suffer from the
human disease being investigated, so efforts are made to create “models” that have
similar symptoms. As we will see, the presence of a few similar symptoms in a
nonhuman primate does not translate to human relevance.

3 Scientific Argument: Empirical Evidence of Benefits

Unfortunately, for animals involved in experiments (and for humans relying on
biomedical research), and despite many calls for it, there remains little retrospective
critical assessment of animal experimentation (Pound and Nicol 2018; Balls 2018).
This is surprising for several reasons: first, critical reflection, and a willingness to
change direction based on it, is core to the scientific method; science should
constantly ask questions of itself, seeking improvement with a determination to
use the best methods to achieve a goal, even if this means changing tack (Balls
2018). If a scientific model is not sufficiently reflective of what is being modeled
(i.e., [something in] humans), then alternative, more relevant methods must be used.
Secondly, this particularly applies to animal research due to the harm involved, and
perhaps, especially, to nonhuman primate research, in light of the acknowledged
pain, suffering, and death it involves. If harms are great, this approach cannot be
used habitually and without powerful justification.

3.1 Drug Testing

While there has been some progress in critiquing nonhuman primate research lately,
there remains a vigorous defense of nonhuman primate research by those who
conduct and profit from it (Bateson 2011; Benabid et al. 2015a, b; Editorial 2008;
SCHEER 2017; VandeBerg and Zola 2005; Weatherall 2006). Nonhuman primate
research therefore continues not only in the face of mounting and formidable
evidence against it, but also a stark absence of valid, robust supportive evidence.
In drug testing, for example—which involves almost 80% of nonhuman primates
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used in science in the UK (UK Home Office 2020)—there remains, after many
decades, no published evidence demonstrating its necessity, save the occasional
publication based on scant data and/or weak, incomplete statistics (Bailey and Balls
2019). This is supported by the Toxicology Working Group of the UK Parliament’s
House of Lords Select Committee on Animals in Scientific Procedures, which stated
that the use of two species in toxicity testing was not scientifically justifiable, but
actually acknowledged problematic species differences, both between nonhuman
animals, and animals and humans (House of Lords 2002).

An example of an unsuitable report proffered by advocates of animal drug-testing
examined only sensitivity (toxicities correctly identified by animal tests), but not
specificity (absence of toxicities correctly identified by animal tests) (Olson et al.
2000), yet both are essential to assess the evidential weight they provide to human
toxicity (Matthews 2008). Another study did include both measures, but used
incorrect definitions (Schein et al. 1970). This has not prevented that study from
being used as evidence to support animal tests (e.g., Greaves et al. 2004), even
though, when correct definitions were used, the evidence demonstrated that the
animal tests did not contribute any predictive value for humans (Matthews 2008).
Meanwhile, the International Conference for Harmonization (ICH) acknowledged
that nonhuman primate pharmacokinetic data “. . .can differ from humans as much
as other species” (International Conference for Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use 2005); develop-
mental toxicity data from nonhuman primates correspond to human data only 50% of
the time, less even than results from more evolutionarily distant species (Bailey
2008a); for the prediction of drug-induced liver injury, primates are less predictive
than rodents, the latter having failed to predict up to 51% of the effects in humans
(Spanhaak et al. 2008); and single-dose toxicity tests have been scientifically
discredited (Robinson et al. 2008). One high-profile example of the failure of
nonhuman primate tests is the drug Theralizumab or TGN1412: cynomolgus
macaques showed it to be safe, even at a dose 500 times higher than the dose in
humans that almost killed six healthy clinical trial volunteers (UK Department of
Health 2006).

While it is acknowledged that data to perform analyses are scarce, due to concerns
over privacy and commercial interests (Hasiwa et al. 2011), it is disappointing that,
after so many years of animal-based tests, large-scale animal testing persists with
little or no published scientific basis. For example, it has been admitted there is an
“inbuilt prejudice” that nonhuman primate toxicity data are more predictive of liver
toxicity in humans than are such data in other species, and there is “little evidence” to
support this assumption (Foster 2005). The pharmaceutical industry has historically
been unwilling to conduct and publish its own analyses, or to share even anonymized
data to facilitate third-party analyses, therefore my colleagues and I addressed this
issue by publishing several papers (Bailey et al. 2013; 2014; 2015; Bailey 2014b;
Bailey and Balls 2019). We reported our own analyses of what published data were
commercially available, assessing the contribution of evidential weight by animal
tests for or against the toxicity of drugs in humans. We showed that, generally, the
most commonly used species (mice, rats, rabbits, dogs, and nonhuman primates)
cannot be considered fit for purpose. Inter alia, but most importantly, we showed that
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the absence of toxicity of a new drug in any species provides little or no evidential
weight to the probability of a similar lack of toxicity—or “safety”—in any other
species, including humans. In other words, when a new drug is found to be “safe” in
animal tests, this provides essentially no evidential weight to the same being true in
humans. Nonhuman primates (almost exclusively cynomolgus macaques Macaca
fascicularis) seemed the worst species of all for human prediction. This is crucial,
because the critical observation to allow a new drug to proceed to human trials is the
absence of toxicity in animals. To quantify: Suppose a new drug in testing has a prior
probability (based on prior information, such as similarity to other drugs, data from
in vitro or in silico tests, and so on) of causing no adverse effects in humans of 70%.
A subsequent negative test in nonhuman primates increases this probability of no
adverse effects in humans to just 70.4%. While our analyses suggested toxicity in
animals was also likely to be present in humans, this was very variable, with no clear
pattern in terms of types of toxic effects or types of drugs, so could not be considered
particularly consistent or reliable. To illustrate: the range of positive likelihood ratios
(the statistical metric gauging the degree of evidential weight provided by the
nonhuman primate tests to likelihood of human toxicity) was relatively high (605).
This indicated that some tests (for some types of toxicity) were providing evidential
weight for human toxicity, but others were not. The median value, however, was
9.39, which is lower than the acknowledged “diagnostic” value for a useful test of
10 (Grimes and Schulz 2005).

This should have serious implications for the pharmaceutical industry and its
regulators. Many drugs that are toxic to humans are not detected in animal tests,
resulting in risk of harm to clinical trial participants, and to consumers of drugs that
do reach market. In fact, adverse drug reactions and drug failure rate have increased
significantly over the past two decades—92% of drugs that appear safe and effective
in animal tests go on to fail in human trials, and many (up to half in any 1 year) are
subsequently withdrawn or relabeled due to adverse reactions not detected in the
animal tests (e.g., BioSpace 2012). It is thus increasingly clear that animal testing of
human drugs is not sufficiently predictive for humans, and this is especially true in
light of the array of human-relevant methods now available to science for this
purpose (see Sect. 4.6, “What Can Be Done?—Alternative Methods” below).
Combined with the level of public concern over animal experiments, and the high
ethical costs of doing so, testing drugs in animals cannot be justified ethically or
scientifically. At the very least, it is incumbent on the pharmaceutical industry and its
regulators—for too long virtually silent about this matter—to take on board these
concerns, and to expedite a more predictive testing regime. To their credit, efforts are
being made (U.S. Food and Drug Administration 2021; Tagle 2019), though many
argue that much more could be done, and more quickly.

3.2 Disease Models/Basic Research

As for nonhuman primate use in drug testing, nonhuman primate experimentation to
further our understanding of human diseases, and to realize treatments for them, has
similarly been subject to very little retrospective analysis and critical reflection in
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spite of calls for this (Animal Procedures Committee 2003). Yet, claims of the
essential nature of nonhuman primate experiments continue to be made by those
who conduct, support, fund, and profit from them (e.g., SCHER 2009; The Boyd
Group 2002; Tardif et al. 2013; Vallender and Miller 2013; Chan 2013), in the face
of published studies outlining how poorly data from animals, including nonhuman
primates, translate to humans. For example, just 0.3% of animal research
publications report results that translate to human benefit (Lindl et al. 2005).

An examination of more than 25,000 papers from the best medical journals over a
five-year period revealed that 101 of them showed novel therapeutic or preventive
promises, of which 64 involved animal studies: 20 years later, just 19 of the
101 papers (19%) had resulted in a positive clinical trial (0.075% of the total number
of papers examined); only five of the 27 technologies had been licensed for use
(18.5% of the reported technologies); and just one had shown extensive clinical
advantages (3.7% of technologies, or 0.004% of the total papers examined)
(Contopoulos-Ioannidis et al. 2003; Crowley 2003). Crucially, this single study
did not depend on the animal research, but instead was based on rational drug design
(Cushman and Ondetti 1999). A review of the extent to which animal data correlate
with humans concluded that animal tests fail to reliably predict effects in humans,
and that many animal experiments are of poor quality (for example, with respect to
randomization and blinding, which minimize bias) (Perel et al. 2007). Four of six
interventions studied in animals failed to predict human outcomes, and in two cases
they predicted benefit when the treatment was ineffective and harmful to humans
(Perel et al. 2007). Some animal studies were conducted concurrently or even after
human studies had demonstrated a treatment’s efficacy, and there was a lack of
communication between animal researchers and those conducting clinical trials, and
the results of animal studies are not being incorporated into human research—the
key justification for conducting them in the first place (Perel et al. 2007).

Regarding nonhuman primates, failures have been reported in many areas. Below
I highlight the more prominent cases.

3.2.1 HIV/AIDS
Macaque use in HIV/AIDS research is considered by some scientists a failure and of
questionable human relevance (da Silva and Richtmann 2006; Tonks 2007; D’Souza
et al. 2004; Johnston 2000; Taylor 2006; Hu 2005; Lévy 2005; Tonini et al. 2005).
Many, if not all of some 100 different types of HIV vaccines have been tested in
nonhuman primates with positive results, yet none has provided protection or
therapeutic benefit in humans—the case at the time of an extensive review (Bailey
2008b), and still heading toward 2020—more than a decade later. Many critical
observations have been made of macaque HIV experiments, which exhibit major
differences from HIV-positive people. These include, “efficacy of HIV-1 based
vaccines cannot be directly evaluated in the SIV [Simian Immunodeficiency
Virus] model” (Hu 2005); “. . .the crucial role of human testing in the development
of any vaccine. . .human immune system variability or virus diversity can’t really be
mimicked by any of the currently used laboratory animal models” (Grant 2009);
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“What is not known is how studies in monkeys will translate into humans” (Haynes
and Burton 2017), and more.

3.2.2 Alzheimer’s Disease
Years of effort have failed to create a “good” Alzheimer’s disease (AD) animal
model (Emerich et al. 2000; Conner and Tuszynski 1999; Lindholm 1997; Snowdon
et al. 1997), and little progress has been made in understanding the pathologies
associated with the disease (Pippin et al. 2019; Pistollato et al. 2016). For example,
plaques and tangles in the brain are the hallmark of AD in humans but not in
nonhuman primates (St George-Hyslop and Westaway 1999). Humans and great
apes alone possess a particular type of projection neuron in the anterior cingulate
cortex of the brain, which is severely affected in the degenerative process of AD
(Nimchinsky et al. 1999). Also, a neuropeptide (molecules that help neurons com-
municate with each other), galanin, which regulates the function of the basal
forebrain, differs in its chemoanatomic organization (i.e., is present in different
types of neuron at different levels) across species (Mufson et al. 1998), which may
exacerbate cholinergic cellular dysfunction in AD. Such differences could critically
affect the human relevance of nonhuman primate research into AD.

Many experts in the field concluded some time ago that human, not animal,
research was the way forward (Pippin et al. 2019; Pistollato et al. 2016). Human
clinical research, epidemiological studies, and in vitro techniques have given rise to
hypotheses for AD and important findings such as the AD-associated decrease in
choline acetyltransferase (ChAT) activity, and links with the presenilin 1, presenilin
2, and APOE-e4 genes, and vitamin B12/folate deficiency and high fat/high choles-
terol diets (Greek and Greek 2003). None relied on the use of nonhuman primates or
other animals. In fact, nonhuman primate use can also harm humans. The once
much-vaunted AD “vaccine” AN-1792 (AIP-001) dramatically slowed brain dam-
age in an AD mouse model; further, it “was well tolerated when tested in several
animal species, including monkeys” (Sibal and Samson 2001; Young 2002), yet
clinical trials were suspended following inflammation of the central nervous system
and ischemic strokes in 15 participants (Steinberg 2002). Several recent papers,
including some in high-profile journals such as Nature and Science, have noted the
failure, and been critical of, animal models of AD (Chakradhar 2018; Reardon 2018;
Golde et al. 2018; Pistollato et al. 2016), and a book chapter summarized the sorry
state of affairs comprehensively (Pippin et al. 2019) .

3.2.3 Stroke
Differences in responses to ischemic injury (injuries resulting from inadequate blood
supply) exist between species (even between strains of mice). Extrapolation of data
from one species to another with regard to stroke modeling is thus difficult or
impossible (Huang et al. 2000). Decades of research, much in nonhuman primates,
have produced more than 4000 reports involving more than 1300 successful
interventions, including more than 700 for acute ischemic stroke, none of which
has led to significant human benefit (O’Collins et al. 2006; Macleod and Registrar
2005; Macleod et al. 2004). Some consider animal models of stroke a failed
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paradigm, and have argued for more human research (Wiebers et al. 1990; Editorial
1990), and/or been critical of animal models or even lamented that animal models
cannot be translated to humans (Molinari 1988; Neff 1989; Johnston 2006; Johnson
and Goldstein 2003; Editorial 2006; Sena et al. 2010; Feuerstein and Chavez 2009).
While more recent reviews of the failure of animal experiments in stroke research
include other contributory factors, such as the design of both animal and human
trials, and choice of animal species for particular experiments (Herson and
Traystman 2014; Fluri et al. 2015), the predictive value of using animals remains
an acknowledged issue.

3.2.4 Parkinson’s Disease
Parkinson’s disease (PD) is often studied in nonhuman primates in whom PD-like
symptoms have been induced using neurotoxic chemicals (e.g., see Sect. 4.5.1,
“Direct Harms” section below). The literature is replete with caveats concerning
their reliability, human relevance, and applicability to PD. For example, many
candidate therapeutic compounds have shown great promise and efficacy in nonhu-
man primates and murine models of PD, but none has proven to be efficacious in
humans (Kouroupi et al. 2020). It is estimated that more than 2300 studies of PD
have been conducted using nonhuman primates since 1990, predominantly to test
new therapies, yet none of the new therapies showing promise have translated to
clinical benefit in the form of a neuroprotective or disease-modifying drug (Konnova
and Swanberg 2018; Duty and Jenner 2011). There is also poor translational value of
experimental data generally from animal models (including nonhuman primates) to
clinical studies (Rõlova et al. 2020).

Furthermore, significant gaps exist in the knowledge of causative events and
factors, and pathological mechanisms, despite decades of research, much of it in
animals, including thousands of nonhuman primates (Kouroupi et al. 2020; Duty and
Jenner 2011). Animal models, including many nonhuman primate models, largely
fail to recapitulate the human disease (Kouroupi et al. 2020; Outeiro et al. 2021;
Konnova and Swanberg 2018; Duty and Jenner 2011), and this is likely to be due to
notable species differences between humans and nonhuman primates, including
“age-related alterations, brain size, gene-environment interactions, and genotype–
phenotype relationships” (Sittig et al. 2016). For example, nonhuman primate
models of PD in which the animals’ brains have been injected with the neurotoxin
MPTP to induce some PD-like symptoms show functional recovery, unlike human
PD patients, and there is also a lack of animal models that show any of the nonmotor
symptoms seen in humans with PD (Konnova and Swanberg 2018).

One often-claimed success of nonhuman primate research is deep brain stimula-
tion (DBS) for the control of PD-related tremors. It involves implanting an electrode
into the brain, to stimulate specific deep-brain areas, such as the subthalamic nucleus
(STN) part of the brain’s basal ganglia. Advocates of nonhuman primate research
have long insisted that DBS of the STN could not have been developed without, and
“owes everything to”, this research (Benabid et al. 2015a, b). I published two
detailed rebuttals (Bailey 2015a, b), showing, in contrast to these claims, that DBS
of the STN “owes everything” to everything but nonhuman primate research. In
brief, the macaque model of PD was not reported until 1983. Yet, the STN—targeted
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in DBS for PD therapy—was linked to movement disorders in the 1920s by human
observations; the basal ganglia were being surgically targeted in patients to alleviate
movement disorders in the 1940s; the suppression of movement disorder symptoms
using electrode stimulation has been reported since the 1960s; and human DBS has
been used since the 1970s, including in the basal ganglia, to control tremor. It is clear
that monkey experiments on the 1980s reignited interest in DBS and the STN with
regard to PD, but significant human data and experience had provided a huge weight
of evidence in the decades prior to that.

The failure, in many circumstances, or at the very least the lack of necessity, of
nonhuman primate experiments is not surprising when one appreciates how poor
research involving the chimpanzee—the most closely related species, genetically, to
humans—proved to be. Chimpanzees were used in biomedical research in the
U.S. until very recently despite calls to terminate it being resisted by chimpanzee
researchers for many years (VandeBerg and Zola 2005; Institute of Medicine and
National Research Council 2011). The U.S. National Institutes of Health (NIH)
eventually—under pressure from animal welfare groups—charged the U.S. Institute
of Medicine (IOM) with conducting an evaluation. Much of my work critiqued
chimpanzee research as part of a campaign to end it. This work, which I submitted
and presented to the IOM as part of its inquiry, showed that chimpanzee research had
failed in many areas (Bailey et al. 2007; Knight 2007), including HIV/AIDS (Bailey
2008b), hepatitis C (Bailey 2010a, b), and cancer (Bailey 2009), due in large part to
myriad genetic differences between humans and chimpanzees (Bailey 2011). The
IOM concluded in 2011 that chimpanzee research was not scientifically necessary,
contrary to the claims of chimpanzee researchers (Institute of Medicine and National
Research Council 2011). Its only exception was a disputed “evenly-split committee”
regarding a narrow area of work into hepatitis C vaccines. However, NIH committed
to no further funding of new invasive research on chimpanzees, to retiring the
chimpanzees it supports to permanent sanctuaries, and the U.S. Fish and Wildlife
Service declared that it will give the same endangered status and protections to
chimpanzees in captivity as it does their free-living cousins in Africa. In the U.S.,
federally funded invasive research involving chimpanzees has ended.

One must ask the obvious question: if chimpanzees—our closest genetic relative,
and therefore the species most likely to be reflective of, and predictive for, humans—
cannot serve as good models in biomedical research, how can any other species that
is further removed from humans genetically serve as a good model?

4 Reasons for Failure

We now know, increasingly, why animal experimentation is—and can only ever
be—a failed paradigm. Some of the reasons are summarized in this section. More
details may be found in published reviews of mine, detailing genetic differences
between species (Bailey 2011, 2014a), as well as other confounding factors such as
stress and anesthesia (Bailey 2017, 2018).
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4.1 Genetic Differences Between Humans and Nonhuman
Primates

The nonhuman primate species most commonly used in science are the rhesus
(Macaca mulatta) and cynomolgus macaque (Macaca fascicularis—the long-tailed
or crab-eating macaque). These species are around 90–93% genetically similar to
humans (Gibbs et al. 2007). Yet, the 7–10% difference means that many biological
differences manifest, confounding their use in research (Bailey 2014a). Old World
monkeys like macaques diverged from a common ancestor between 14 and 35 mil-
lion years ago (Raaum et al. 2005; Glazko and Nei 2003; Kulski et al. 2004; Kumar
and Hedges 1998; Perelman et al. 2011), providing ample opportunity for
differences to accrue, leading to major variation even within species. This means
that regional populations of monkeys may show stark biological differences from
each other, confounding their use as model organisms for human biology
(Kanthaswamy et al. 2013; Sturt 1984). Six rhesus macaque subspecies have been
noted, displaying a variety of biological differences that can impact susceptibility to
malarial parasites, SIV infection and pathology, and the metabolism of drugs
(Groves 2001) (see Sect. 4.4). If such differences can make it impossible to extrapo-
late data between nonhuman primates within the same genus, or even between
populations of the same species, how can data be extrapolated from nonhuman
primates to humans?

Notable differences appear at all levels of genetics and gene expression, that is,
major genomic rearrangements (associated with, for instance, developmental
disabilities, cancers, multiple sclerosis, and more); different types and prevalence
of mobile and repetitive DNA elements (affecting gene expression and the immune
system, and associated with cancers, hemophilias, and AD); gene complement
(many hundreds of genes have been lost and gained between different primate
species, many affecting immune function and drug metabolism); and differences in
coding sequences within genes, which may affect gene function (Bailey 2011,
2014a, b). In addition, even where genes are shared by nonhuman and human
primates, they are frequently expressed differently, and so hundreds or even
thousands of such differences exist in all major organs and tissues, associated with
many and varied diseases (Bailey 2011, 2014a, b). Further, gene expression is
affected by other factors that differ between species, including epigenetic influences
(in turn mediated by many environmental factors), transcription-factor differences
(which regulate hundreds or thousands of other genes), micro-RNAs and small-
interfering RNAs (also regulating the expression of hundreds or thousands of genes),
and RNA-splicing mechanisms. Variability in these factors, and the power of the
consequences, is illustrated by their association with many and varied diseases and
disorders (see Bailey 2011, 2014a).
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4.2 Consequences of Genetic Differences for Nonhuman Primate
Use in Drug Tests

These genetic differences lead to major functional differences that seriously affect
the utility of using nonhuman primates to inform human medicine (Bailey 2011,
2014a, b). One of the classes of genes most affected by interspecies differences is
that involved in drug metabolism (how drugs are absorbed into the body, distributed
around it, metabolized and excreted by it, and how those drugs and/or their
associated metabolic products may be toxic). There is—surprisingly—a paucity of
data, but it is clear that even very small genetic differences can have substantial
effects (Bailey 2014a). Differences include the activity, levels, and presence of
enzymes. It is acknowledged that species differences in cytochrome P450 genes
pose serious problems in interpreting animal data for humans and must be done
“with some caution” for some types, while “more caution” and even “major
problems” are associated with other types (Guengerich 1997). These differences
may be at the root of the empirical problems in drug testing described above, and the
consequent record level of failure of new drugs as they progress from animal to
human trials.

4.3 Consequences of Genetic Differences for Nonhuman Primate
Use in Neuroscience

There has also been a startling lack of comparative study of the suitability of
nonhuman primates to inform human neuroscience. While this has improved in
recent years, species differences discovered to date should have resulted in a move
away from using nonhuman primates (Bailey 2011, 2014a). In the brain, many
differences between primate species are known. Thousands of genetic differences
have been identified between the brains of humans and even their closest relative, the
chimpanzee (Bailey 2011, 2014a). Many genes, even when common to some
species, are expressed in one but not the other, or at different levels, and this is the
case for many brain regions investigated to date. Many differences are associated
with brain and central nervous system development, maintenance, structure, func-
tion, and/or with neurological diseases that are often studied in nonhuman primates.
Species differences in brain architecture are associated with functional differences in
sensory perception, visceral functions, higher-order cognitive functions, and emo-
tional and reward-related behaviors. Further, various imaging technologies have
revealed other consequences of altered gene expression between species, involving
smaller scale and specialized morphology, including organization of the cortex
(“laminar organization, cellular specialization, and structural association”), connec-
tivity within and between various brain regions, aging, visual and auditory
pathways, and the impact of this on various sensory and motor functions, awareness,
emotions, perception; all of which are likely to confound translational research
(Bailey 2011, 2014a).
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While one analysis of brain connectivity suggests just over half of brain regions
may be “similarly wired” between humans and macaques (Li et al. 2013); this means
that almost half are not. Augmented by another study showing “major differences”,
especially in the inferior parietal, polar, and medial prefrontal cortices, implying
differences in high-order cognition, emotional and reward-related behaviors, visceral
functions, and sensory processing, these studies lead to concerns over the suitability
of using macaques to inform human neuroscience (Li et al. 2013). Some researchers
have noted the growing discrepancy between data from invasive, electrode-based
nonhuman primate brain research and human data from fMRI imaging, predicting,
for instance (though somewhat controversially), that the nonhuman primate model
will undoubtedly “break down” at some point, as science pushes toward “higher-
level processes such as consciousness, learning, and decision making” (Boynton
2011). Genetic differences are the basis of several other crucial differences in human
and nonhuman primate neuroscientific investigations (see Bailey and Taylor 2016).

4.4 Stress Associated with Laboratory Environment
and Experimentation

Stress associated with laboratory life and experimentation is widely acknowledged
to affect the welfare of animals in labs, and is discussed below. Somewhat less
appreciated, I argue, are its consequences specifically for the reliability and human
relevance of data obtained from the animals, over and above unreliability due to
inherent species differences. Overall, in all species examined, including humans,
stress can perturb immune function and increase susceptibility to physical and
mental disorders—though, as may be expected by now, the specifics may vary
between species (Gurfein et al. 2012; Obernier and Baldwin 2006; Kurokawa
et al. 2010; Wright 2011). Consequences for nonhuman primate data, specifically,
have not been studied as much as might have been expected, but when one considers
the effects in humans—hypertension, heart attacks, stroke, obesity, Alzheimer’s
disease, AIDS dementia complex (Raber 1998), poor responses to vaccines,
increased susceptibility to infections, and accelerated progression of several
diseases, and more, it is clear that experimental results from stressed nonhuman
primates must be rendered unreliable (Bailey 2018).

The effects of stress on immune function may be particularly important, though,
again, the specifics differ between species (Dhabhar 2009; Christian 2012; Sorenson
et al. 2011). Human sufferers of post-traumatic stress disorder, for instance, show
increased cytokine levels, impaired activity of natural killer cells, lower
T-lymphocyte counts, and epigenetic modifications exerting a lifelong impact on
immune and inflammatory function (Pace and Heim 2011); depressed adults show
greater inflammatory responses to vaccinations (Glaser et al. 2003); and many more
effects on immune function (e.g., Papathanassoglou et al. 2010; Nater et al. 2009;
Kamezaki et al. 2012). Though I believe animal data translate very poorly to
humans, it is generally acknowledged that this can be mitigated, to some degree
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and in some respects, by improved welfare (see Swan and Hickman 2014). The
impact of stress is critical as it may exacerbate and compound crucial immune
differences between humans and nonhumans—particularly as much animal experi-
mentation involves infectious agents (Bailey 2011, 2014a). Many scientists have
been aware of these effects, and cautioned against disregarding them (Mason et al.
1968; Roberts et al. 1995; Brenner et al. 1990), yet they often have been not reported
or underreported in scientific papers (Reinhardt et al. 1995).

4.5 The Ethical Argument

Much of the objection to animal use in scientific experiments is that it is simply
wrong and unethical to inflict pain and suffering on sentient beings, who cannot give
consent, no matter any claimed benefits for mankind. This objection is particularly
strong when it comes to animals that humans can empathize with, such as compan-
ion animals like dogs and cats, and species considered especially intelligent and
evolutionarily close to humans, such as types of nonhuman primate.

4.5.1 Capacity to Suffer, and Direct Harms
Nonhuman primates are cognitively and emotionally advanced, and they suffer
when they are captured from the wild, transported to laboratories and breeding
centers, housed therein or in labs with restricted freedom and movement in alien
environments, subjected to stressful routine procedures and experimental
procedures, and so on (Bailey 2014a, b). Indeed, this is reflected in EU Directives,
European Conventions (e.g., Council of Europe 1986) and in Animal Welfare Acts
of EU member states, which stipulate, for example, that pain, suffering, and harm
caused to animals must be ethically justifiable, and the choice of species must be
carefully made and well justified, particularly with regard to “higher” species like
dogs and nonhuman primates (European Commission 2010; Hasiwa et al. 2011)
(and see chapter by Bayne et al., “The Welfare Impact of Regulations, Policies,
Guidelines and Directives and Nonhuman Primate Welfare”). Pain and suffering in
testing, specifically, are acknowledged by, for example, the Organization for Eco-
nomic Co-operation and Development (OECD 2000) and the Nuffield Council on
Bioethics (2005, p 66). These organizations accept many signs that animals are
experiencing pain and/or distress and suffering, including for example, difficulty
breathing, convulsions, coma, bleeding from any orifice, paralysis, and others.
Often, pain- or distress-relieving drugs are withheld, due to concerns that they
might alter the toxicity profile of the chemical being tested (Mena et al. 2010;
Loepke and Soriano 2008). Overall, toxicity testing is regarded as imposing moder-
ate to severe pain (Combes et al. 2002; National Research Council (NRC) (US)
1992, Table 4-3), and data from the U.S. and Canada indicate that regulatory testing
procedures account for the vast majority of animals reported in the highest categories
of pain and distress (Stephens et al. 2002).

Wild capture has been banned in many countries, including the UK (European
Commission 2010), due to associated “significant distress, suffering and physical
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injury” (European Union Committee Sub-committee D (Environment and Agricul-
ture) 2009; Williams et al. 2008; Cruelty Free International 2006). Conditions in
breeding/holding facilities are often appalling (Cruelty Free International 2008,
2010). Despite bans and restrictions, wild-caught primates continue to be used to
breed animals for export to labs in the U.S., which can cause serious and chronic
welfare problems, and death (Honess et al. 2004; Fernström et al. 2008).

Once in the lab, many experiments cause pain and suffering (Tardif et al. 2013;
Scientific Committee on Animal Health and Welfare 2002; NC3Rs 2018), often
involving highly invasive, stressful procedures, including single caging for up to
10–13 years (Lutz et al. 2003; Griffis et al. 2013), the induction of movement
disabilities such as tremor and rigidity, severing spinal nerves, drug infusion into
the brain, organ removal, repeated tissue biopsies, exposure to nerve gases, infection
with anthrax, and death due either to the experiments or deliberate killing at their
end. Suffering in neuroscience experiments is often classified as “substantial”
(European Commission 2010), involving brain lesions and damage, electrodes
implanted in the brain, chair-based restraint, implanted eye coils, water deprivation,
and implanted skull devices to prevent head movement.

Parkinson’s research has high impact. Neurotoxins such as MPTP may be
injected into nonhuman primates’ brains to inflict damage, resulting in movement
disorders, tremors, inability to feed, etc. (Henderson et al. 1998; Escola et al. 2002).
Nonhuman primates may be housed singly throughout the experiments, during
which time they have recordings taken from implanted brain electrodes with their
heads restrained, and overall they experience “distress” and “devastating welfare
costs” (Anon 2007; Escola et al. 2002; Henderson et al. 1998). In stroke research,
surgery frequently involves removal of part of the skull (craniectomy), or removing
an eye and using a drill to enter the skull through the eye socket, so that blood vessels
can be blocked often while nonhuman primates are awake and restrained (Fukuda
and del Zoppo 2003; Nudo et al. 2003; Gao et al. 2006).

As previously stated, most nonhuman primates are used to test the safety of new
drugs (approaching 80% in the UK; UK Home Office 2020). Many of these tests
cause suffering that can be severe and prolonged, with nonhuman primates receiving
the test substance daily for up to 9 months (National Toxicology Program 2011;
European Commission 2010). They may breathe the test substance via a mask, or
orogastric gavage is often used for administration directly into the stomach, involv-
ing forcible restraint and therefore significant pain and distress (European Commis-
sion 2010; Maninger et al. 2010; Reinhardt et al. 1995) (and see below).
Complications can include accidental administration of substances into the trachea
and lungs, aspiration pneumonia, esophageal trauma or perforation, gastric disten-
sion, edematous lungs, hemothorax, and death (Balcombe et al. 2004). Restraint
chairs may be used, causing psychological stress and distress, similarities to human
post-traumatic stress disorder with repeated use (Suliman et al. 2009; Musazzi et al.
2018; Fenster et al. 2018; Compean and Hamner 2018; Garfin et al. 2018; Cohen
et al. 2015; Maninger et al. 2010; Capaldo and Bradshaw 2011; Bradshaw et al.
2008; Ferdowsian et al. 2011), and inguinal hernia and rectal prolapse (Reinhardt
et al. 1995).
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4.5.2 Indirect Harms
Nonhuman primates housed in labs and undergoing experiments experience consid-
erable stress and distress, which exacerbate suffering (see above). While all species
experience stress, psychological and physiological problems may arise with recur-
rent stressors, and/or when stress becomes chronic and too difficult to cope with.
This results in excessive wear and tear on the body, and may manifest in psycholog-
ical trauma (distress) and altered physiological responses, which can be harmful
(Maestripieri and Hoffman 2011). The point is that it is increasingly acknowledged
that diverse species, from fish to nonhuman primates, experience pain, stress and
distress, and/or depression and anxiety disorders (see Ferdowsian et al. 2011).

I discussed the inherent, often intractable, stress from laboratory life and its
impact on the welfare of animals in laboratories, and on the reliability of scientific
data from those animals, in two reviews to which I refer the reader for more detail
and references (Bailey 2017, 2018). Briefly, animals in laboratories experience
significant and repeated stress, which is unavoidable and is caused by many aspects
of laboratory life. This is difficult to mitigate, and lack of significant desensitization/
habituation can result in considerable psychological and physiological welfare
problems mediated by neuroendocrine networks with numerous and pervasive
effects. Psychological damage can be reflected in stereotypical behaviors, including
repetitive pacing and circling, and even self-harm. Physical consequences include
adverse effects on immune function, inflammatory responses, metabolism, and
disease susceptibility and progression. Some of these effects are epigenetic, and
therefore potentially transgenerational. These effects must have consequences for the
reliability of experimental data and their extrapolation to humans, and this may not
be recognized sufficiently among those who use animals in experiments.

4.6 What Can Be Done? Alternative Methods

Scientific evidence supporting the case for ending the use of nonhuman primates in
harmful experiments is increasing, and is formidable enough to stand separate from
the ethical case. Nonhuman primate experimentation involves significant harms, so
should not continue. Science and ethics demand that an approach must be viewed
critically and comparatively with alternatives. This is especially true when that
approach causes direct harm (to nonhuman primates) and indirect harm
(to humans seeking treatments for diseases). Yet, there is an extensive array of
humane investigative techniques at our disposal, many of which could barely have
been envisaged just a few decades or even years ago. These methods permit
extremely powerful, human-specific, and humane experimentation, and also aug-
ment proven, humane, and human-relevant methods of research that have existed for
many years, and which are the bedrock of biomedical progress.

The breadth, capacity, and potential of alternatives can be appreciated in any
abstract compilations accompanying relevant worldwide congresses, for example,
the Proceedings of World Congresses on Alternatives (https://altex.ch). Of particular
relevance to nonhuman primates, alternatives in drug testing include growing human
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cells and tissues in the laboratory. While cells in a dish are different, to some degree,
from cells in living people, human cells are likely to be more relevant to human
biology than are animal cells, even in whole, living animals (Bailey 2014a). A drive
toward their use in place of animal tests has thus been outlined in road maps, such as
by the U.S. NRC, FDA, EPA, and others. Such human cell- and tissue-cultures are
constantly being improved, for example using ethically derived stem cells (e.g.,
those not derived from destroyed embryos). These cultures have the potential to
develop into the different types of specialized cells found throughout the human
body, and 3D rather than 2D cultures, which help maintain faithful physiological
function, and which permit the coculture of several types of cells in close proximity
in the form of “mini-organs” or organoids, and better reflect in vivo functionality.
One application of these technologies is the “organ/body on a chip” approach, in
which several distinct 3D-cultures of human cells are grown on a plate, the size of a
smartphone, with circulatory systems connecting them, better mimicking real-life
systems. Companies such as TissUse, CN Bio Innovations, Emulate, and Kirkstall
are leading the way, with 10-plus-organ chips now a reality, and a host of scientific
publications supporting their validity (see, e.g., tissuse.com, cn-bio.com, kirkstall.
com, for example (Ramachandran et al. 2015; Tsamandouras et al. 2017; Beilmann
et al. 2018).

Many scientific bodies concur. In the U.S., for instance, the National Academy of
Sciences (NAS), NRC, Environmental Protection Agency, and FDA have all stated,
some years ago, that toxicology must transform from testing in animals toward such
alternatives (National Research Council (NRC) (US) 2007). Microdosing also shows
great promise to revolutionize drug development and predictive drug toxicology: by
administering approximately 1% of the estimated pharmacological dose of a poten-
tial new drug to human volunteers, important and predictive human-specific data can
be obtained (Burt et al. 2018; Burt and Combes 2018), with no need for animal tests.
By sampling and analyzing the subject’s blood and other bodily fluids, and use of
clinical imaging techniques, valuable human-specific properties of the potential new
drug can be identified (Burt et al. 2018; Burt and Combes 2018). In combination
with in silico (computer-based) data analysis and modeling, this information can
greatly aid decisions to proceed to later stage clinical trials that determine human
efficacy and toxicity (Fuloria et al. 2013; Lappin et al. 2006, 2013; Burt et al. 2018;
Burt and Combes 2018).

Disease research also is more advanced than ever, using imaging techniques and
DNA-based technologies to drill down to the very causes and pathology of human
diseases. For example, “micro-lungs” are used to research and test new drugs for
lung disorders such as asthma. Around 400 mini lungs can be obtained from just one
tissue sample, which can also be used by cosmetic companies to test the safety of
aerosols, such as hairspray (BéruBé 2013; Barker 2014). Microbrains are being used
to research human brain development and brain disorders (Lancaster et al. 2013;
Lancaster and Knoblich 2014), and have the potential to augment other alternatives
in neuroscience, which presently uses many nonhuman primates. I discussed the
scope of these methods, which provide powerful means to elucidate human brain
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function without recourse to nonhuman primate experiments in a review (Bailey and
Taylor 2016).

Examples of methods discussed include transcranial magnetic stimulation (TMS),
functional magnetic resonance imaging (fMRI), electrocorticography (ECoG), intra-
cranial electroencephalography (EEG), magnetoencephalography (MEG), single
unit/microelectrode recordings, cortico-cortical evoked potentials (CCEP), diffusion
tensor imaging (DTI), transcranial direct-current stimulation (tDCS), postmortem
human brain dissection, and others. I argue that these approaches make the nonhu-
man primate work unnecessary, particularly when one considers the associated
advantages of species specificity. In light of these methods—which are constantly
improving and providing more detailed data—it is perplexing why those who do
similar research using nonhuman primates maintain that much of this type of
research is the preserve of their field. When one considers the poor translation of
nonhuman primate data to humans, largely based on genetic differences already
discussed here, as well as other confounding factors mentioned above, the scientific
argument against nonhuman primate use, and supporting human studies, is strong.
Given the ethical costs of using nonhuman primates, as well as the opposition of
much of the public to it, at the very least the onus is on those who use nonhuman
primates to make their case.

4.7 Summary and Conclusion

Nonhuman primate research continues, with little or no reduction in numbers of
animals used over time, based on an assumption that it has human relevance, benefits
humans, and provides a means of obtaining important data that cannot be obtained in
any other way. Yet, in the year 2021, and following decades of nonhuman primate
research, there is, in my estimation, no evidence (at least nothing published that
withstands critical scrutiny) supporting a scientific rationale for it and this must be
balanced against the costs to the nonhuman primates. The only possible, valid
conclusion must be that nonhuman primate experimentation continues out of habit
and to serve vested interests—to support those who benefit from it, either financially
or professionally, and arguably out of a resolve not to be proved wrong or to
concede. To compound matters, any substantive critique of nonhuman primate
research is resisted and ignored, save for the occasional “in house” self-affirmation
exercise (e.g., Bailey et al. 2008; Bailey and Taylor 2009; Balls 2018; Bateson 2011;
Greek and Hansen 2011; Knight 2012; SCHEER 2017; VandeBerg and Zola 2005;
Weatherall 2006). Far from doing what ethics demand and searching for reason to
move away from nonhuman primate research, too many within the industry, instead,
seek reasons to defend it. Their reasons may be superficial and specious; some even
seek to find new avenues to use nonhuman primates, and to denigrate proposed
alternatives which, if they are not perfect, are brushed aside. These issues within
science have been acknowledged and criticized for some time. As long ago as 1964,
Platt, writing in Science, urged a “Strong inference” attitude to scientific research,
and decried a resistance within science to ask what was being done wrong, and to
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test, disprove, and exclude hypotheses. This had led to scientists being shackled to
particular approaches, and to habitually being method, instead of problem, oriented
(Platt 1964). In 1974, physicist Feynman similarly denounced what he called “Cargo
cult science” (which may be paraphrased as “It has worked at times in the past, so it
doesn’t need to be disproved”), and advocated science with integrity, in which
researchers asked tough questions of their approaches and attempted to invalidate
them, embracing all available information (not simply whatever suited them), and
eliminating methods that were not good enough (Feynman 1974). For all these
reasons, and others, nonhuman primate experiments, never validated in any way,
persist (e.g., Bailey et al. 2008; Bailey 2015a, b; Bailey and Taylor 2009; Balls 2018;
Bateson 2011; Benabid et al. 2015a, b; Greek and Hansen 2011; Knight 2012;
SCHEER 2017; Taylor 2018; VandeBerg and Zola 2005; Weatherall 2006).

I have argued here, with relatively few examples from the voluminous published
and peer-reviewed evidence, that the need for, and benefits from, nonhuman primate
research is greatly overstated, if not absent. This is certainly the case with regard to
what it has contributed to science and medicine, which, while exaggerated, is of
academic interest only, and cannot therefore be used to support any contemporary or
future need for it. It also, however, applies to speculations of future necessity.
Simultaneously, alternatives to nonhuman primate research are underplayed, and
their power, the significance of what they have contributed to medicine, and what
they can contribute now, and in the future, are overlooked while focus falls on their
shortcomings.

The lack of translation of nonhuman primate experiments to humans is inherent,
and due to intractable, substantial biological differences, borne of myriad and
widespread genetic and gene expression differences. These differences affect the
biological systems that matter most for nonhuman primate research: the immune
system and systems relating to the metabolism of drugs. These differences are further
confounded by the serious consequences of unavoidable chronic stress experienced
in labs, anesthesia, sex differences, and more. In fact, we know that any one
individual of any species cannot reliably model any other individual of the same
species. Many drugs are likely to work in a minority of people; different people are
affected differently by adverse effects, by infectious agents, by diseases, and so on. It
must therefore be folly to claim that experimental data from one species can inform
another. There may be some examples of nonhuman primate data that correlate with
human data, but this cannot be used to imply or infer general value: all the research
that did not translate to humans must be taken into account and weighed against the
few examples that do.

The case, then, that research would be much more successful if science moved
away from using nonhuman primates, is powerful. When the ethical aspects—the
“harm” or “costs”—are considered too, it becomes overwhelming. And the public,
internationally, agrees. It is long overdue for those who cause pain and suffering to
nonhuman primates in the name of science to embrace a less inhumane, and more
human-relevant, line of inquiry. At the very least, I hope this chapter will lead some
nonhuman primate researchers to pause for more, and more critical, reflection, and to
embrace alternatives to animal use with alacrity and positivity. Nonhuman primates,
and humanity, will benefit.
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The Indispensable Contribution
of Nonhuman Primates to Biomedical
Research

Stefan Treue and Roger Lemon

Abstract

Research in nonhuman primates is one of the cornerstones of modern biomedical
research. This approach, while quantitatively contributing only a very small
component to biomedical research, has allowed important and fundamental
insights into our understanding of the physiology and anatomy of healthy
organisms as well as the causes and mechanisms of disease in humans and
other animals. In recent times, much progress has been achieved in advancing
both the welfare of nonhuman primates (and other species) in research, as well as
the quality and quantity of scientific insights possible by carefully combining
responsible animal research with human and nonanimal methods and approaches.
Despite these advances, there is a growing need and responsibility for individual
scientists, their institutions, and scientific organizations to engage in a transparent
dialogue with society about the scientific benefits and the ethical justification of
animal research. Without such fact-based discourse, there is the risk that the broad
consensus across human societies that some animal research (including research
using nonhuman primates) is necessary and justified to ensure scientific and
medical progress will erode.
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Biomedical research, the effort to fundamentally understand human and nonhuman
physiology and anatomy, has revolutionized our society. Unraveling the causality of
physiological processes underlying the many dimensions of our daily experience and
applying this knowledge toward medical diagnosis and therapy has freed us to see
diseases as malfunctions of physiological processes and find science-based
therapies. It has also contributed to an understanding of what makes us human and
how our behavior and experiences are evolutionary adaptations to our physical and
social environment that link us to other species, in the present and from the past.

The recognition that all organisms on this planet are genetically related through a
joint evolutionary history allows us to turn case studies on individual species into
insights about the processes of life on earth as a whole. It not only explains the
fascinating similarities between fundamental processes in humans and other animals,
but also offers an interpretation for species differences, where they exist.

Understanding humans as members of the animal kingdom challenges our view
of mankind as a privileged species. While science has identified a number of features
and capacities unique to humans, or at least uniquely developed in humans, it has
also eroded the view that humans are fundamentally different from any other life
form on earth.

Three important conclusions can be drawn from these developments:

1. Studying animal species, both in detail and in comparison with humans, offers
fundamental insights into human physiology, behavior, and health.

2. As we strive to improve equality and fairness for all humans by developing more
extensive rights and legal protection, we need to consider our moral responsibility
toward animals that can experience pain and distress and ensure that they are
protected from unnecessary and avoidable harms.

3. Given the importance of science for our society, that society needs to ensure that
the general public has the basic scientific literacy and the skills to interpret
scientific information to make informed, fact-based political and societal
decisions.

In this chapter we will discuss these issues in the context of the use of nonhuman
primates in biomedical research. The focus will be on the scientific basis for this
approach and the need for science communication. The need and ethical justification
of responsible animal research, including the use of nonhuman primates, have been
recognized in all research-intensive societies worldwide, but an in-depth discussion
of ethical issues is beyond the scope of this chapter.

1 The Role of Nonhuman Primates in Biomedical Research

Animal research represents a minute fraction of the animals used and killed, volun-
tarily and involuntarily, by human societies. In European countries for every single
research animal used, about 200–300 animals are killed for human consumption. Of
the research animals used, more than 80% are rodents and less than 0.1% are
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nonhuman primates. Thus, we consume about 500,000 animals for every nonhuman
primate used in research (Roelfsema and Treue 2014).

Despite the small fraction of nonhuman primates in animal research, in the past
they have made and for the future they can be expected to make central and
indispensable contributions to biomedical research (Mitchell et al. 2018). The
quantitatively largest contributions, about three quarters of the nonhuman primates
used in the EU, are toxicological studies, the production of antibodies, and blood
products and other legally required tests of new substances or medical devices
(ALURES Statistical EU Database 2021). Here, particularly for potential drugs for
the treatment of complex diseases, the close physiological similarity of the human
and nonhuman primate organ systems is the reason that tests in nonhuman primates
are considered essential and often the last mandated safeguard before substances
move to clinical testing in human populations. In its report, “Working to reduce the
use of animals in scientific research” (UK Government 2014), the UK Government
states: “the development of monoclonal antibody therapies over the last 20 years has
completely transformed our ability to treat diseases including breast and other
cancers, rheumatoid arthritis and multiple sclerosis. The development of this tech-
nology would not have been possible without the use of animals both in developing
the fundamental elements of the technology and in producing the medicines used to
treat patients.” Similarly, the EU’s Scientific Committee on Health, Environmental
and Emerging Risks (SCHEER) concludes “appropriate use of nonhuman primates
remains essential in some areas of biomedical and biological research and for the
safety assessment of pharmaceuticals” (SCHEER 2017; Epstein and Vermeire
2017).

The following table documents the broad range of nonhuman primate
contributions to medical progress.

Select Health Breakthroughs Involving Nonhuman Primates
Strategies for restoring lost motor function following spinal cord injury

The development of an innovative surgical procedure called deep brain stimulation to combat the
effects of Parkinson’s disease

A cure for hepatitis C infection

The development of an Ebola vaccine, which is currently being tested in humans

Stem cell therapies, which are being developed and tested to combat several diseases including
macular degeneration, spinal cord injury, heart disease, and ALS (also known as motor neuron
disease or Lou Gehrig’s disease)

Gene therapy advancements for mitochondrial-linked disorders which can cause diabetes,
deafness, blindness, dementia, or epilepsy

Information on the impacts of Zika infection and new approaches for combatting the disease

New approaches for combatting HIV infection through the study of SIV and SHIV (the primate
versions of HIV)

Research that led to the successful human clinical trials and FDA approval of belatacept, the first
new transplant drug since 1999

Gene therapy advancements for combatting Huntington’s disease

New genetic findings related to alcohol dependence

New avenues for the treatment of obesity, including childhood obesity

Hormone therapy for cognitive issues related to aging

Source: Americans for Medical Progress (https://www.amprogress.org)
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A quantitatively much smaller fraction of nonhuman primates in animal research
(about one quarter, ALURES Statistical EU Database 2021) is used for research that
is often classified as “basic/fundamental” research or “applied/translational/medical”
research. This reflects a misleading division, since biomedical research is a contin-
uum, stretching from studies of fundamental physiological processes to an under-
standing of the principles of disease and the development of therapies (Basel
Declaration, www.basel-declaration.org). The range of such research with nonhu-
man primates has provided the basis for the examples of ground-breaking medical
discoveries and progress listed in the table above, but has also been the strategic
focus of very vocal and sometimes violent activism from well-funded groups
opposed to any animal-based biomedical research (Speaking of Research 2021).
The two most important areas of nonregulatory research with nonhuman primates
are infectious diseases and the neurosciences. Less prominent contributions are
made in other areas, such as ophthalmology and (xeno)transplantation (VandeBerg
and Williams-Blangero 1997; Newsome and Stein-Aviles 1999; Carlsson et al.
2004; Roska and Sahel 2018; Sato and Sasaki 2018; Picaud et al. 2019; Feng et al.
2020). The following table highlights Nobel Prize-winning research that involved
nonhuman primates.

Nobel Prize Winning Research Involving Nonhuman Primates

Year Discovery Scientist(s)

1928 Pathogenesis of typhus Nicolle

1951 Development of yellow fever vaccine Theiler

1954 Culture of poliovirus that led to development of vaccine Enders, Weller, Robbins

1975 Interaction between tumor viruses and genetic material Baltimore, Dulbecco,
Temin

1976 New mechanisms for the origin and dissemination of
diseases

Blunberg, Gajdusek

1981 Processing of visual information by the brain Sperry, Hubel, Wiesel

1988 Discoveries of important principles for drug treatment Black, Elion

2003 Discoveries concerning magnetic resonance imaging (MRI) Lauterbur, Mansfield

2008 Discovery of human immunodeficiency virus (HIV) Barre-Sinoussi,
Montagnier

2015 Development of drugs used to treat malaria and roundworm
parasites

Campbell, Omaru, Tu

2020 Discovery of the hepatitis C virus Alter, Houghton, Rice

Adapted from: Animal Roles in Medical Discoveries, the American Association for Laboratory
Animal Science Foundation (https://www.aalasfoundation.org)
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2 Categorical Challenges to the Scientific Value of Research
on Nonhuman Primates

Despite the broad and fundamental contributions made across biomedical research
by studies involving nonhuman primates, organizations opposed to any animal
research and a small number of publications in peer-reviewed scientific journals
have argued against the necessity of research in nonhuman primates for past and
future scientific progress (Bailey and Taylor 2016; Lauwereyns 2018). Broadly, their
claims can be grouped into the following arguments:

1. Knowledge gained from research in animals (and therefore from nonhuman
primates) cannot be transferred to humans as there are categorical differences
between humans and animals that make such a translation impossible.

2. There is no added benefit of performing research in nonhuman primates com-
pared to studying the same questions in rodents.

3. The scientific knowledge gained from research in nonhuman primates could have
been achieved by human studies.

4. Research involving nonhuman primates is only upheld because researchers
working with nonhuman primates have lost the ability to recognize that it is
scientifically misguided.

Given that the claims against nonhuman primate research are advanced from
various angles, some claims are incompatible, such as the second and first, as the
second acknowledges the benefits of animal research that the first denies. Addition-
ally, some claims, such as the first, are not specific to nonhuman primates. Further-
more, there are bioethical positions that argue against the use of any animal species
in biomedical research. The latter goes beyond the scope of this chapter and will
therefore not be addressed.

Claim 1 is particularly widespread amongst organizations fundamentally opposed
to animal research and typically takes the specific form of “Penicillin is toxic for
species x, chocolate is toxic for species y, aspirin is toxic for species z, etc.—
therefore the toxicology of any substance for humans cannot be assessed from
animal studies”. Despite its wide use, this conclusion does not follow from the
examples of toxic effects of some substances in some species. In its pre-Darwinian
approach, the claim ignores the biological reason for the similarities between
different animal species and humans. It fails to recognize that understanding why
some substances are toxic only for some species helps science understand the toxic
mechanism per se, leading to a better understanding of the risks associated with a
given substance and even with other related substances (Baker 2011; Carbone 2012;
Ergorul and Levin 2013; Barré-Sinoussi and Montagutelli 2015).

Claim 2 argues almost opposite to Claim 1, in that it proposes that rodents are
biomedical models for humans of equal suitability as nonhuman primates, despite
the much greater evolutionary distance between rodents and humans. Examples of
Claim 2 can be found in Lauwereyns (2018), where the author argues that neurosci-
ence research into high-level cognitive functions, such as the neural mechanism of
decision-making, and into the brain’s motor control system (e.g., for the
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development of neuroprosthetic devices) could be shifted from nonhuman primates
to rodents, as rodents also have to be adept at decision-making and motor control.
This argument for moving research from nonhuman primates to rodents is certainly
valid if the aim of the research is to understand decision-making and motor control in
rodents. It might also be valid if the aim is to understand fundamental aspects of
decision-making and motor control shared across many mammals. If on the other
hand, the goal is to have the best chance to learn about human decision-making and
motor control from animal studies, a combined approach is essential. This means
that such processes need to be studied in animal species evolutionary close as well as
further away from humans to dissect fundamental aspects of these processes from
those aspects that have developed only (or predominantly) in primates. For example,
in motor control there are fundamental differences between the corticospinal control
system in rodents, nonhuman primates, and humans, as depicted in Fig. 1, which is
likely to reflect the much greater importance of skilled hand function in primates
than in rodents. Hand function is devastated by many different neurological diseases,
and patients prioritize the recovery of hand function over other bodily functions
(Anderson 2004).

Rather than following along Claim 2 to replace nonhuman primate research with
research in rodents, the ethically and scientifically most responsible approach is to

Fig. 1 Schematic diagram illustrating species differences in the involvement of the corticospinal
tract in motor control. In rodents, there are no direct connections between corticospinal axons and the
cervical motoneurons that innervate forelimb muscles, and indirect brainstem and spinal pathways,
here indicated by a spinal interneuron, mediate cortical input to motoneurons. Direct cortico-moto-
neuronal (CM) connections with motoneurons are present in some primates, which also exhibit an
increasein the size and number of corticospinal fibers. CM excitatory effects are relatively weak in the
New World squirrel monkey but of moderate size in the Old World macaque monkey, represented
here by the size of the CM excitatory postsynaptic potential (EPSP) recorded from hand muscle
motoneurons. Indirect estimates suggest that CM effects are strongest in humans. In rats, most
corticospinal fibers are crossed and travel in the dorsal columns, while in primates the majority are
also crossed but descend in the dorsolateral funiculus. There are also species differences in the
proportion of uncrossed fibers which descend ipsilaterally. The evolution of the corticospinal tract
is closely correlated with the development of skilled hand use, as indicated here by increase in the
index of dexterity from rat to monkey to human (reproduced from Courtine et al. 2007)
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carefully combine research in multiple species with studies in humans, as well as
other nonanimal methods. This leverages each approach’s strengths and
compensates for the various weaknesses, ensuring the best science with the least
animal use (Carbone 2012).

Examples of Claim 3 can be found in Bailey and Taylor (2016), where the authors
argue that, in the case of neurophysiological recordings of awake rhesus monkeys
(a very small fraction, ca. 5%, of nonhuman primate research), nonhuman primate
approaches have been rendered redundant by noninvasive and invasive approaches
in humans. Unfortunately, the essence of this claim boils down to a combination of a
false antithesis with a wide-ranging conspiracy theory (see below). The false antith-
esis is that invasive and noninvasive methods used in humans can serve as a
replacement to experiments in nonhuman primates. In fact, as argued above, the
nonhuman primate and human approaches are complementary and thus their careful
combination allows insights not possible by a single-species approach, given the
limitations of research in each species by itself. Correspondingly, there is no doubt as
to the enormous contributions that noninvasive techniques in humans, such as
transcranial magnetic stimulation (TMS), electroencephalography (EEG), magneto-
encephalography (MEG), and functional magnetic resonance imaging (fMRI) have
made to the understanding of the human brain. Neuroscientists involved in nonhu-
man primate research also make use of these noninvasive techniques (see Fig.
2 below, from Lemon 2018), alongside their studies in nonhuman primates that,
although invasive, allow understanding the bases of the noninvasive techniques. But
these scientists view such noninvasive methods as complementary to the research in
animals, rather than as alternatives to ensure the ethically and scientifically most
responsible approach outlined above (Lemon 2018).

In their attempt to discredit nonhuman primate research, Bailey and Taylor (2016)
ignore three key points:

1. These noninvasive techniques could never have been developed, and cannot be
further improved, without an understanding of the underlying brain properties,
almost all of which are derived from animal studies.

2. As these techniques develop, they require validation with further animal studies,
including some in primates. For example, some approaches, which are required to
understand brain circuits and causal interactions between neurons, such as
optogenetic or pharmacological activation/inactivation, are not yet safe and
reliable enough to be used in humans.

3. These noninvasive techniques cannot address the fundamental mechanisms that
operate at the single neuron level because this is beyond the resolution of such
methods. For example, the otherwise very useful brain imaging techniques of
functional magnetic resonance imaging, electroencephalography or magnetoen-
cephalography are fundamentally unsuitable for measuring single neuron activity
(Logothetis 2008). This is one of the reasons why single unit recording, which has
been so successful in nonhuman primate studies, is increasingly being adopted in
patient studies. But this invasive approach entails considerable limitations given
that electrode placement in people is solely driven by clinical needs and often
involves studying of pathological tissue (see below).
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Bailey and Taylor (2016) claim that microelectrode recordings in human patients
could be used to replace those made in experimental monkeys. This claim is not
shared by leading proponents of the important technique of recordings in humans.
For example, the neurosurgeon Izthak Fried states in his introduction to a major
textbook on the subject of human microelectrode recording (our italics):

You cannot choose just any question and hope to record from the relevant neurons. The sites
of recordings will always be completely determined by the clinical imperative and thus will
be fixed in locations that cannot be altered. The question you elect to explore has to be
grounded in animal physiology and has to build on this knowledge. Yet, the question must
also be relevant and unique to the human condition. In particular, you need to take what we
know from nonhuman primate neurophysiology to the next level, the human level. Single
neuron human neurophysiology is a small field between animal neurophysiology and human
functional neuroimaging and other noninvasive methods customarily used in cognitive
neuroscience. (Fried 2014)

Fig. 2 These data demonstrate that neuroscientists who use nonhuman primates in their research,
not only publish papers involving nonhuman primates (cyan, 101 papers) but also carry out
comparative studies involving both nonhuman primates and humans (brown, 24) and a large
amount of research which does not involve any animal models (red, 235). These alternative studies
complemented their primate work, and involved human volunteers and patients as well as computer
models. Finally, these same scientists also carried out research on new techniques to refine research
involving nonhuman primates (green, 14) (data from papers published by UK scientists 2014-2017;
Lemon 2018)
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Similarly, the neurosurgeon Adam Marmelak points out:

Human MER [microelectrode recording] offers a unique and unprecedented opportunity to
study how the brain works. Research efforts along these lines should be applauded and
encouraged as they are likely to lead to profound and potentially revolutionary insight into
how the human brain functions and may indeed lead to novel treatments for a variety of brain
diseases. However, due to the unique ethical and practical considerations in these studies, a
strict adherence to ethical principles with a pragmatic approach to experiment design and
execution are needed to ensure success in this endeavor. (Mamelak 2014)

Some of the considerations Marmelak is referring to include the fact that such
recordings can only be carried out in severely ill patients (e.g., those suffering from
epilepsy, tetraplegia, or Parkinson’s disease), in agreement with the ethical standards
of the Helsinki Declaration (2013). In addition, such recordings, while clearly of
great value to human neuroscience, are not without risk and other complications. As
the neurosurgeon George Ojemann has put it:

...it is the author’s view that since microelectrode recording is invasive, and associated with
some risk of significant damage to the region of recording, it should be restricted to tissue
that would be subject to surgical injury independent of any microelectrode recording. Thus
recording should be restricted to tissue that would be resected as part of a therapeutic
procedure independent of any considerations of microelectrode recording or along the
track or at the target of electrodes placed for clinical reasons independent of microelectrode
recording. Moreover, the extent of surgical exposure and anesthetic techniques utilized for
an operation should be based only on clinical considerations and not microelectrode
recording. (Ojemann 2014)

Bailey and Taylor appear to misinterpret and misquote published studies using
such recordings. For example, when considering the problem that in most cases
recordings can only be made from brain tissue that is compromised by the disease
process, they state: “However, it has been argued that any differences between
epileptic and non-epileptic brains may be gross in nature, and therefore that there
is no evidence that single neuron activity is affected” (Bailey and Taylor 2016,
p. 49). This statement is referenced to Ojemann (2014), who writes “There is
evidence that even at the level of gross anatomy there are widespread differences
between these patients and other populations, changes that extend beyond any gross
pathology (McDonald et al. 2008), though whether these changes alter single neuron
activity is unknown”.

Again, Bailey and Taylor write “any potential differences are mitigated by the
recording of activity in tissue away from the epileptogenic focus (i.e., with no
epileptiform activity).” (Bailey and Taylor 2016, p. 49). What Ojemann (2014)
actually writes is “Epilepsy effects in single neuron recordings can be mitigated to
some extent by limiting recording to tissue that does not have electrocorticographic
evidence of epileptiform activity, and neurons that do not show ‘bursting’ activity,
but that does not mitigate any unknown effects of the more widespread ‘reorganiza-
tion’ of cognitive processes.” (Ojemann 2014).
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Again, Bailey and Taylor cite Ojemann (2014) when they state “Further, investi-
gation is not restricted to areas of the brain around sampling sites, and the use of
other sites (such as the sensorimotor cortex, for example) is generally accepted if
there is informed consent by the patient, as well as Institutional Review Board
approval”. Ojemann actually points out:

The ideal recording sites based on current models of the brain regions involved in different
cognitive processes are not necessarily the areas that would be surgically exposed for purely
diagnostic or therapeutic reasons and, indeed, might be areas that would generally be spared
in any resection, such as sensorimotor cortex or areas considered “eloquent” for language.
While recordings from such areas have been reported (Goldring and Ratcheson 1972), it is
the author’s view that since microelectrode recording is invasive, and associated with some
risk of significant damage to the region of recording, it should be restricted to tissue that
would be subject to surgical injury independent of any microelectrode recording. Thus
recording should be restricted to tissue that would be resected as part of a therapeutic
procedure independent of any considerations of microelectrode recording or along the
track or at the target of electrodes placed for clinical reasons independent of microelectrode
recording.... However, when opportunities for microelectrode recording that meet these
conditions exist, every effort should be made to utilize them, with the patient’s informed
consent that includes issues of risk and comfort, and after Institutional Review Board
approval. (Ojemann 2014)

In summary, there are good clinical and ethical reasons why neurosurgeons
cannot and do not adopt experimental approaches that might be of interest, or indeed
record anywhere in the brain of their choosing. They include the definite risks
associated with microelectrode recording in sick patients (Nakajima et al. 2011),
restricting such recordings in accordance with the ethical criteria of the Helsinki
Declaration. And once again, intracranial recordings in human patients are not a
substitute for understanding brain mechanisms using nonhuman primates but are
complementary to the work in animals and depend on advances from it, as pointed
out above.

Both Lauwereyns (2018) and Bailey and Taylor (2016) argue for a complete
replacement of nonhuman primate research on scientific grounds by claiming that
studies in rodents and/or humans can fully replace neurophysiological studies in
nonhuman primates. At the same time (a) such nonhuman primate research is
performed in many dozens of labs, (b) each experiment conducted by these labs
has to undergo an independent evaluation that includes a specific determination as to
whether the study can be replaced by nonprimates, or even nonanimal approaches
(see also Bayne et al. 2022), (c) is funded based on careful and competitive peer-
review by many scientific grant agencies and through government funding, despite
its relatively high cost, (d) multiple commissions and other bodies have made
substantial and carefully judged evidence-based assessments as to the continuing
need for basic neuroscience research involving nonhuman primates and its irreplace-
ability (EU-Directive 2010/63/EU 2010; Weatherall 2006; SCHEER 2017), and
(e) neuroscientists involved in research in nonhuman primates also make use of
noninvasive techniques (Fig. 2). In the light of this, Lauwereyns’ and Bailey and
Taylor’s claim require a major conspiracy, not only of the scientists involved, but
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also for a large and diverse group of other experts and government agencies, to
ignore the supposed rodent and human alternatives to nonhuman primate-based
approaches.

3 A Nuanced Approach to Nonhuman Primate Research

As shown above, claims of science-based categorical arguments against nonhuman
primate biomedical research are in disagreement with basic scientific and methodo-
logical facts. These claims also run counter to a broad consensus in the scientific
community and the societal consensus expressed in national laws and international
directives. But this should not distract the scientific community from the real
challenge, namely maintaining a continuous momentum toward the best possible
combination of high-value science with optimal animal welfare (see Schapiro and
Hau 2022, for a review of the benefits of high welfare for better quality science).
Here we want to highlight one focus for each of the two sides of this combination,
i.e., science and animal welfare.

Within the last decade, there has been recognition across many fields of experi-
mental research that more has to be done to ensure science of the highest possible
value by enhancing its reliability and reproducibility. While this “reproducibility
crisis” has been recognized across many fields, a lack of reproducibility of animal-
based research has the additional consequence of negatively affecting the harm/
benefit tradeoff inherit in any experimental study involving animals: that is, are the
harms experienced by animals in a scientific study justified by the scientific advances
and benefits gained from that study? It is therefore of critical importance in the
context of this chapter that scientists, scientific institutions, and scientific
organizations make every effort to ensure best scientific practice in biomedical
research. This includes (a) adequate teaching and training of scientists (e.g., by
FELASA, the Federation of European Laboratory Animal Science Associations),
(b) the identification and removal of pressures or incentives that discourage best
scientific practices (Pusztai et al. 2013), and (c) support for transparency in method,
data, and result presentation and sharing (Percie du Sert et al. 2020).

On the animal welfare side, the last decades have seen a wave of methodological
refinements that enhance the welfare of nonhuman primates in biomedical research
(see Schapiro and Hau 2022; Bayne et al. 2022 for more details). This has been
particularly extensive in neurophysiology research with awake behaving nonhuman
primates. Here, developments include improvements (a) in surgical and analgesic
procedures and approaches (Oliveira and Dimitrov 2008), (b) in the design of and the
care for cranial implants (Lanz et al. 2013), (c) in the technology and the extensive
use of noninvasive imaging (Logothetis et al. 1999; Milham et al. 2020), and (d) in
the animals’ training, handling, enrichment, and housing techniques (Prescott and
Bowell 2005; Prescott et al. 2010; Calapai et al. 2017; Berger et al. 2018).

While these developments have continually improved the harm/benefit balance
for such research, the focus of the public debate about animal research in general or
nonhuman primate research in particular, and on a possible abolishment of such
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research, has distracted the public, politicians, and the scientific community from
much more important topics in this context. We would argue that these topics
include the need for the development of objective, scientific, rather than anthropo-
morphic, measures of animal welfare, the need to identify the most efficient use of
limited resources to get the biggest 3R-effects, and the political debate around
variations in animal welfare standards across continents. It should be remembered
that scientific collaboration and interaction is the best way to continuously inform
and improve these standards.

4 The Need for Transparent Science Communication About
Responsible Nonhuman Primate Research

The need and ethical justification of responsible animal research, including the use of
nonhuman primates, have been recognized in all research-intensive societies world-
wide. This consensus has led to legal and regulatory frameworks, such as the
Directive 2010/63/EU of the European Union on the protection of animals used
for scientific purposes (EU-Directive 2010/63/EU 2010) and the resulting national
animal protection laws, which are built on the broad consensus across science,
politics, and society that a certain amount of research on animals (including nonhu-
man primates) is necessary and justifiable (see Bayne et al. 2022 for more details).

Unfortunately, the scientific community has widely ignored its responsibility to
contribute to the scientific literacy needed for a science-based public debate about
how, when, and why responsible animal research is and should be conducted. Some
of this responsibility has been addressed by national information initiatives, such as
the UK’s Understanding Animal Research (www.understandinganimalresearch.
org.uk), France’s Gircor (www.recherche-animale.org), the United States’ Founda-
tion for Biomedical Research (fbresearch.org), and Germany’s Tierversuche
verstehen (tierversuche-verstehen.de). Additional efforts have come from Europe-
wide initiatives such as the European Animal Research Association (http://eara.eu/
en/) as well as extensive websites of Primate Centers (German Primate Center
(Germany) www.dpz.eu/en/home.html; National Primate Research Centers (USA)
nprcresearch.org/primate/; Primate Research Institute Kyoto University (Japan)
www.pri.kyoto-u.ac.jp). But there is still widespread fear of triggering damaging
and potentially threatening activism against scientific institutes and individual
scientists when they begin to openly communicate about animal research. The
UK’s Concordat on Openness on Animal Research (concordatopenness.org.uk),
which has served as a model for several other European countries (including
Belgium, France, Germany, Portugal, and Spain), has offered a highly successful
approach to address these concerns. While these initiatives have started to shift an
emotionally charged public debate, dominated by groups opposed to any animal-
based biomedical research, toward a more fact-based discourse, these efforts need to
be accompanied by corresponding efforts by scientific institutes and individual
scientists.
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In summary, carefully regulated and responsible animal research in nonhuman
primates provides a cornerstone for biomedical research. This is recognized world-
wide across a wide range of stakeholders in science and society. While contributing
only a very small quantitative component to biomedical research as a whole, studies
in nonhuman primates often provide a critical link between the research results
achieved through rodent studies and those from human or nonanimal approaches.
To ensure that this important component of biomedical research receives the
continued societal support it needs and deserves, scientists working with nonhuman
primates need to conduct their studies with the utmost care and engage in a
continuous exchange with society about the “why” and “how” of the scientific
need and the ethical justification of this important method.
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Abstract

Aging Western populations are confronted with an increasing prevalence of
chronic inflammatory and degenerative diseases for which adequate treatments
are lacking. One of the major hurdles in therapy development is the poor
translation of disease concepts, often developed in rodent disease models, into
effective treatments for the patient. Reasons for the high failure rate of promising
drug candidates are unforeseen toxicity and lack of efficacy. Essential elements of
human disease are apparently lacking in the current preclinically used animal
models. Results obtained in a generic nonhuman primate model of human
autoimmunity, the marmoset experimental autoimmune encephalomyelitis
(EAE) model, are discussed to emphasize the claim that primates are essential
complementary models that can help to bridge the wide translational gap between
mouse and man.
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1 Introduction

Animal models have an important role in the translational research of human disease.
Although many aspects of the disease process can be investigated in cell or tissue
cultures, most scientists are convinced that research into the complex connections
and interactions of these processes requires live animals (Barre-Sinoussi and
Montagutelli 2015). Nevertheless, the use of animal models in preclinical research
of human disease is the subject of increasing debate. Some opponents in the public
debate even claim that animal models are completely irrelevant and therefore are
unethical.

When considering the relevance of animal models for translational research into
the pathogenesis and treatment of human disease, a classical aphorism by the
statistician George Box is worth mentioning: Essentially all models are wrong, but
some are useful (Box and Draper 1987). In the context of a discussion on the
relevance of a certain animal model for human disease, the aphorism can be
interpreted as: the relevance of the model depends to a large extent on its intended
use. In our field of expertise, which is neuroimmunology in general and multiple
sclerosis (MS) in particular, a plethora of potentially useful animal models exists,
including Caenorhabditis elegans worms, Drosophila flies, Brachydanio rerio fish,
mice, rats, and primates. Each of these models has provided important information
on pathogenic mechanisms in MS, but none of them faithfully replicates all patho-
logical and clinical aspects of the human disease. It is therefore not surprising that
the translation of the accumulated scientific knowledge into safe and effective
treatments for the patient has been notoriously difficult. Apparently, essential aspects
of the human disease are lacking in each of the available animal models.

The subject of this chapter is the (essential) role of primates in preclinical
research. The discussion will be focused on a subgroup of diseases caused by the
immune system, namely those in which the own body is attacked causing autoim-
mune disease. Experimental autoimmune encephalomyelitis (EAE) is one of the
most intensively investigated autoimmune animal models and is used both as a
specific model of the autoimmune neuroinflammatory disease MS and as a model of
human autoimmune disease in general.

We will discuss that although the specific pathogen-free (SPF)-bred laboratory
mouse is the gold standard in this research, unique aspects of primate EAE make it
an essential complementary model that can help bridge the wide gap between the
laboratory mouse and the patient. Specific attention will also be paid to welfare
aspects of the primate EAE model, in particular the compliance with the 3R
principles (Russell and Burch 1959).
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2 Concise Phylogeny of Animal Models Used in Preclinical
Immunology Research

The basic role of the human immune system is to protect the organism against
infections and cancer (nonself), without causing harm to the organism (self), and to
promote repair. This vital task involves a complex interplay of innate and adaptive
immune functions, which are activated upon exposure to hostile intruders, while at
the same time self is ignored (Nossal 1991). A fundamental modification of this
dogma has been the discovery that the adaptive arm of the immune system is only
activated when the innate arm recognizes danger (Matzinger 2002).

The nematode worm, Caenorhabditis elegans has an ancestral immune system
via which it can recognize and combat viral, bacterial, and fungal infections
(Ermolaeva and Schumacher 2014). The template of the worm immune system
shows similarities with the innate arm of the human immune system. Consequently,
C. elegans has been used to unravel principles of human innate immunity. The worm
is a powerful model as its whole genome has been sequenced and annotated, and loss
of function mutants of almost all genes are available. This, added to the neurological
(only 320 neurons) and immunological (only innate immunity) simplicity of the
worms creates a strong research tool for developing a deep understanding of the
neural regulation of innate immunity and the innate immune regulation of neurolog-
ical functions.

Drosophila is well equipped for the recognition and combating of infection by
microorganisms as they have a capable innate immune system. The Drosophila
system uses a set of germ-line encoded receptors together with effector cells and
molecules, which have evolved into the essential factors of the human innate
immune system (Hoffmann et al. 1999; Janeway and Medzhitov 2002). However,
just like C. elegans, Drosophila lacks adaptive immune functions executed by
T- and B-lymphocytes (Langenau and Zon 2005) and is therefore incomplete models
of human immunity.

Zebra fish have both innate and adaptive immunity, which enable them not only
to recognize and combat infections, but also to store information on previous
pathogen exposures in memory cells. The latter capacity enables a faster and more
effective response upon subsequent exposures to the same microorganisms. The
basic templates of the fish and human immune system are remarkably similar
(Langenau and Zon 2005).

For many years, the mouse has been the elected animal model of human immu-
nology as many similarities exist both in the architecture as well as the functioning of
the innate and adaptive immune systems (Davis 2008). As, by far, the greatest
majority of fundamental discoveries in immunology were done in mice, it would
be ridiculous to downscale the relevance of the mouse for our current understanding
of the human immune system. However, despite the many similarities, there are also
essential differences between the immune systems of mice and man, such as
complement functions and the ratio between neutrophils and lymphocytes in
blood, to give a few examples (Mestas and Hughes 2004). Moreover, recent studies
showed that, due to the SPF breeding conditions, the immune systems of standard
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laboratory mice are essentially immature and lack effector memory cells (Beura et al.
2016; Abolins et al. 2017).

Nonhuman primates are the closest living relatives of man. This evolutionary
proximity is reflected in the high immunological similarity between humans and
nonhuman primates, as expressed in the highly polymorphic genes that encode
molecules involved in antigen presentation and recognition (Bontrop et al. 1995).
Moreover, captive colonies of nonhuman primates in research centers such as the
BPRC (Rijswijk, Netherlands) are bred and raised under conventional conditions,
where they are exposed to similar and often the same types of pathogens as humans
are exposed to (www.bprc.nl). Work from our group shows that the pathogen-
educated nonhuman primate immune system harbors potentially auto-aggressive
effector memory T cells, which, upon in vivo activation, can turn on pathogenic
mechanisms leading to features of MS pathology that are not seen in other animal
models (‘t Hart et al. 2011; ‘t Hart 2016) (Fig. 1). The observation that in vivo
activation of these autoaggressive effector memory T cells can be achieved with
relatively mild adjuvants, such as incomplete Freund’s adjuvant (IFA), has formed
the basis for a set of atypical EAE models which are not only more animal friendly
than the classical models based on strong bacterial adjuvants, but also clinically
more relevant (‘t Hart et al. 2011).

3 Multiple Sclerosis (MS)

Multiple sclerosis (MS) is an autoimmune neuroinflammatory disease that selec-
tively affects the human central nervous system (CNS). The cause of the disease is
not known. Genome-wide association studies and the beneficial effects of therapies
targeting immune functions indicate an important role of the immune system in the
initiation and/or perpetuation of the disease (Sospedra and Martin 2005; Sawcer
et al. 2011). Indeed, once established, chronic disease development is driven by the
synergy of autoreactive T and B cells specific for components of the myelin sheaths
that wrap around axons (Sospedra and Martin 2005). Also, the trigger of the
pathogenic autoimmune reactions is not known, but it could be an interplay of
genetic and microbial factors or a dysregulated response to autoantigens released
from an idiopathic lesion within the CNS (Stys et al. 2012).

Mouse EAE models have shaped our current understanding of immunopathogenic
mechanisms (Steinman 2014). However, despite the vast body of accumulated knowl-
edge, there remain open questions for which we have no satisfactory answer yet.
Accumulating evidence indicates that nonhuman primate EAE models can help
bridging the gap between mouse EAE and MS.

A poorly understood phenomenon in MS is the heterogeneous clinical course. In
the majority of MS patients (�85%), the disease initially follows a relapsing-
remitting course, where episodes of neurological dysfunction (relapse) alternate
with recovery (remission). In most patients, the relapsing-remitting course of the
disease transits after a variable time into a secondary progressive course. During the
latter course, recovery no longer occurs and neurological functions worsen
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progressively. In a minority of patients (� 15%), the disease is progressive from the
onset, and is referred to as primary progressive disease. The factor(s) that underlie
the transition of relapsing-remitting to secondary progressive disease are unknown;
the cause of primary progressive MS is not known either (Steinman and Zamvil
2016). The available therapies for relapsing-remitting MS do not show a relevant
beneficial effect in progressive disease, indicating that relapsing-remitting and
secondary progressive MS may be driven by different pathogenic mechanisms.

According to the prevailing concept, MS is an autoimmune disease which is
elicited when a genetically predisposed individual encounters an environmental
trigger. However, despite decades of intensive research in patients and animal
models, an environmental trigger of MS has not been identified. Demographic
studies indicate that the thus far elusive trigger may be infection with a virus or

Fig. 1 Pathological characterization of marmoset EAE induced with rhMOG/CFA. Following a
single inoculation with recombinant human MOG (residues 1–125) emulsified with complete
Freund’s adjuvant (CFA), T2-weighted brain MR images were made (psd ¼ postsensitization
day). Lesion development, visible as hyperintense spots, is disseminated in time and space and
initially confined to the white matter. The white arrow in the image at psd 42 points to the first
formed lesion. In late stage disease (psd 132 and 146), lesions seem to colonize also the cortical gray
matter. Inserts a and b show late lesions at higher magnification. The histological pictures (A, B)
show PLP staining of an EAE brain from the same model albeit another monkey. Figure composed
of parts of figures published in ‘t Hart et al. (2004a) and Jagessar et al. (2015)
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bacterium, which is encountered around the age of 15. The infection more frequently
leads to MS in moderate climate areas than around the equator. Moreover, people
migrating from a high-risk to a low-risk region before the age of 15 adopt the risk of
their new environment, whereas people migrating after age 15 keep the risk of their
country of origin.

The genetic risk is dominated by the major histocompatibility complex (MHC)
class II genomic region, which is a cluster of highly polymorphic genes encoding
molecules expressed on professional antigen-presenting cells (APC), via which
antigens are presented to CD4+ T cells. However, the dominant subset of T cells
present in established MS lesions is not CD4+ but CD8+, and depletion of CD4+ T
cells with anti-CD4 monoclonal antibody (mAb) did not reduce disease activity (van
Oosten et al. 1997). Moreover, treatment of RRMS patients with ustekinumab
(another mAb) against the shared p40 subunit of interleukin (IL)-12 and -23, two
sister cytokines engaged in the skewing of CD4+ T cells toward a proinflammatory
profile (Th1 and Th17), was clinically ineffective (Segal et al. 2008). This does not
preclude, however, a pathogenic role of CD4+ T cells early in the disease, i.e., before
the diagnosis MS has been made. The question which pathogenic roles
autoaggressive CD4+ and CD8+ T cells subsets exert is subject of intensive
research.

Epstein Barr Virus (EBV) is the most important infectious risk factor for
MS. Overall, a conservative estimate indicates that the relative risk of developing
MS is 15 for people with evidence of asymptomatic EBV infection at adolescent age
and even 30 for those having experienced symptomatic infection, i.e., infectious
mononucleosis (Thacker et al. 2006). By contrast, a negative risk factor for devel-
oping MS has been linked to a minority of the adult population (<10%) who have
not encountered EBV infection (Pakpoor et al. 2013). These are striking ratios for a
disease in which the strongest genetic factors (the presence of the
HLA-DRB1*1501, –DRB5*0101, -DQB1*0602 alleles) confer a relative risk of
3–4 (Hoppenbrouwers and Hintzen 2011). However, the mechanisms underlying the
association between EBV infection and enhanced MS risk are poorly understood. An
explanation for the paradox between the high EBV infection prevalence in the
healthy population (90%) and the low prevalence of MS (0.1%) eludes us as well.

The poor translation of scientific concepts into effective treatments for MS
patients is probably the best illustration that essential elements of MS are lacking
in currently used animal models. Accumulating evidence presented in the next
paragraph indicates that several of these elements are present in the well-established
EAE model in common marmosets (Callithrix jacchus). As argued elsewhere, we
believe that more investment should be made in a (reverse translational) analysis of
the reasons why promising treatments failed in clinical trials (‘t Hart et al. 2014).
With this information in hand, the translational relevance of the currently used
rodent and nonhuman primate EAE models can then be improved.
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4 Translational Relevance of the Marmoset EAE Model

Nonhuman primate species used for the modeling of human autoimmune disease
includes the larger rhesus and cynomolgus macaques (Macaca mulatta and
M. fascicularis) and the small-bodied common marmoset. In our hands, the EAE
models in both macaque species are rather acute, more closely resembling acute
postinfectious demyelinating diseases, such as acute disseminated encephalomyeli-
tis, while the model in marmosets more closely resembles chronic MS (Brok et al.
2001; ‘t Hart et al. 2005a). Marmoset EAE is therefore often the model of choice,
while the macaque EAE models are used to test the efficacy of drugs that are inactive
in marmosets, or for experiments requiring larger volumes of blood.

Marmosets provide translationally relevant models for a variety of clinical
conditions, including (age-associated) autoimmune-mediated inflammatory diseases
(AIMID) (‘t Hart et al. 2012, 2013). Marmosets are nonprotected, small-bodied
nonhuman primates (weighing 300–400 g at adult age), which have as their natural
habitat the Amazon rainforest. They breed well in captivity, giving birth to one or
two pairs of nonidentical twin pairs or triplets per year. Twin siblings often develop
as bone marrow chimeras due to the sharing of the placental bloodstream (Haig
1999). As the immune systems of twin siblings are educated in the same thymic and
bone marrow compartments, they are not only allotolerant, but also immunologically
highly comparable. This is an important advantage for preclinical therapy studies as
these can be set up in twins, where one sibling receives an experimental treatment
and the other a relevant control preparation. Despite common marmosets’ small
body-size, it is nevertheless possible to perform immunological studies by using
methods specially designed for working with small blood volumes (Jagessar et al.
2013b).

The outbred, pedigreed, purpose-bred marmoset colony at the BPRC is housed
under conventional conditions in partly outdoor enclosures (Bakker et al. 2015). The
monkeys are thus exposed to similar environmental factors as humans are exposed
to. Marmosets also harbor chronic latent infections with herpesviruses related to the
ones that humans are infected with and which have been implicated in the pathogen-
esis of MS (see below). Thus, just like humans, marmosets have a “pathogen-
educated” immune system, which contains auto-aggressive effector memory T
cells that mediate the high immune reactivity of marmosets against human CNS
myelin (‘t Hart et al. 2015).

The original EAE model was established by sensitization of marmosets against
CNS myelin from an MS patient formulated with a suitable adjuvant (CFA), which
elicited a neuroinflammatory disease that approximates MS in clinical and patholog-
ical presentation (‘t Hart et al. 1998). A noticeable difference between marmoset and
mouse EAE models is that in the former demyelinated lesions are present in the
white and gray matter of the brain and spinal cord, while in the latter lesions are
confined to the white matter of the spinal cord. This aspect of marmoset EAE has
enabled an in-depth analysis of the histological correlates of brain lesions detectable
with magnetic resonance imaging (MRI), the most frequently used imaging method
in MS. We observed that essentially all MS white matter lesion types are also present
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in the marmoset EAE model (‘t Hart et al. 1998; Blezer et al. 2007). Later research
demonstrated that this was also the case for the lesions in the cortical gray matter
(Merkler et al. 2006; Kap et al. 2011; Dunham et al. 2017b). Moreover, brain MRI
could be used as a clinically relevant read-out in immunotherapy studies in the model
(‘t Hart et al. 2006).

One focus of our research has been the dissection of the core pathogenic mecha-
nism, as this should be the optimal target of therapy. To achieve this, we used the
stepwise refinement procedure depicted in Fig. 2, as reviewed in ‘t Hart et al. (2009).

As a first step, we showed that autoimmunity against CNS myelin glycoprotein
MOG is dispensable for EAE initiation, but essential for the evolution to progressive
disease (Jagessar et al. 2008). A similar critical role of MOG was found in the Biozzi
mouse EAE model (Smith et al. 2005). MOG has an essential role in the regulation
of tolerance and autoimmunity against myelin (Garcia-Vallejo et al. 2014). As a
normally glycosylated protein, MOG is tolerogenic as it binds the C-type lectin
receptor DC-SIGN, which relays inhibitory signals for DC maturation to dendritic
cells. Alteration of the normal glycosylation, for example under the inflammatory

Human myelin/CFA/B. pertussis

Human or mouse myelin/CFA 

MOG-/- mouse myelin/CFA 

MOG34-56/ 
CFA 

rhMOG/IFA 

rhMOG/CFA 

MOG34-56/IFA 

1-herpesvirus 
Infected B cells

Fig. 2 Dissection of the core pathogenic mechanism and its mode of activation. Step-wise
refinement of the marmoset EAE model induced by sensitization against MS myelin in CFA was
performed on the guidance of clinical and pathological characteristics. The minimal induction
requirement is a peptide of 23 residues emulsified with mineral oil. The activation of this core-
pathogenic process appears to involve B cells infected with the EBV-related γ1-herpesvirus
CalHV3
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conditions present in MS lesions, makes MOG strongly immunogenic (‘t Hart and
Weissert 2016).

Next, we showed that sensitization of marmosets against a recombinant protein
that encompasses the extracellular domain MOG (residues 1–125) of human MOG
activates two nonoverlapping pathogenic mechanisms, which respectively mediate
the initiation and the progression phase of the EAE model (‘t Hart et al. 2011). The
initiation mechanism involves T-helper 1 (Th1) cells recognizing a specific frag-
ment (epitope) of the immunizing MOG protein, namely residues 24–36, which is
presented via an invariant MHC class II allele, Caja-DRB*W1201. Moreover,
antibodies binding a conformational epitope of the MOG molecule are induced.
Both factors seem to act synergistically the Th1 cells induce inflammation and the
antibodies elicit demyelination. This synergistic mechanism essentially replicates
mouse EAE models. The clinical relevance of the initiation pathway for the EAE
model was confirmed by the beneficial effect of therapeutic antibodies targeting the
formation of proinflammatory Th1/Th17 cells (Brok et al. 2002; ‘t Hart et al. 2005b)
or B cells (Boon et al. 2001; Kap et al. 2010; Kap et al. 2014).

We then found that the EAE progression mechanism involves the activation of
autoaggressive CD8+CD56+ cytotoxic effector memory T cells specific for the
epitope MOG40-48, which is presented by the invariant MHC class Ib allele Caja-
E (Kap et al. 2008; Jagessar et al. 2012). This pathway has no known correlate in
mouse EAE models. T cells driving the progression pathway require B cells infected
with the EBV-related lymphocryptovirus CalHV3 for their activation. This was
deduced from the discrepant clinical effects between mAbs against the pan B-cell
marker CD20 and the B-cell growth and differentiation factors BlyS and APRIL
(Jagessar et al. 2013a). It is noteworthy that this distinction has not been found in
SPF mouse EAE models, while a similar paradoxical effect has been observed in MS
clinical trials (Barun and Bar-Or 2012; Kappos et al. 2014).

5 Mechanistic Basis of MS Risk Factors: Lessons from
the Marmoset EAE Model

5.1 Predisposing Genes

The strongest genetic effect on the risk to develop MS is exerted by the HLA-DR2
locus. Strong candidate risk alleles are HLA-DRB1*1501/HLA-DRB5*0101/HLA-
DQB1*0602 (Hoppenbrouwers and Hintzen 2011). Studies in mice expressing
HLA-DRB1*1501 transgene show that this MHC class II specificity binds the
immunodominant MOG34-56 peptide and activates proinflammatory CD4+ T
cells capable of inducing CNS inflammation (Rich et al. 2004). A direct equivalent
of this allele has not been found in the MHC of marmosets, which is indicated with
the acronym Caja (from Callithrix jacchus); hence the finding could not be con-
firmed. Nevertheless, the marmoset model shows a similar pathogenic role of Caja-
DRB*1201 restricted Th1 cells specific for another epitope, MOG24-36, in the
initiation of EAE. Blockade of this EAE initiation mechanism with therapeutic

An Unexpected Symbiosis of Animal Welfare and Clinical Relevance in a. . . 613



mAbs, such as anti-CD20, anti-CD40 or ustekinumab (anti-IL-12p40), abrogated
EAE development (Boon et al. 2001; Brok et al. 2002; Kap et al. 2010). As the
results from immunotherapies targeting CD4+ T cells in RRMS have been disap-
pointing thus far, the relevance of this subset in MS has been disputed (Lassmann
and Ransohoff 2004). However, the negative results obtained during ongoing MS do
not preclude that Th1 cells exert a pathogenic function early in the disease process,
possibly even before the disease is diagnosed.

Genome-wide association studies (GWAS) are designed for the identification
of genes that are differentially expressed between MS patients and healthy
controls. Ubiquitously expressed invariant genes are usually not detected. This
may explain why HLA-E, which comprises only two alleles (HLA-E*0101/ER and
HLA-E*0103/EG), did not emerge as a dominant risk factor in MS. Studies in the
marmoset demonstrated that the direct equivalent of HLA-E, called Caja-E,
functions as the restriction element of core pathogenic autoaggressive cytotoxic T
lymphocytes (CTL) specific for the epitope MOG40-48. Upon in vivo activation,
these CTL were found to be capable of inducing essential pathological elements of
RRMS and SPMS (Jagessar et al. 2010; Dunham et al. 2017a).

A non-MHC gene associated with enhanced MS risk is the receptor of IL-7
(CD127). A mAb against this receptor was found to exert a beneficial effect on
marmoset EAE, but only in monkeys that developed fast-progressing EAE (Dunham
et al. 2016).

In summary, the marmoset EAE model revealed that distinct pathogenic
mechanisms are involved in the induction of brain pathology and the induction of
neurological symptoms. Therapies targeting the former mechanism, which accu-
rately replicates pathogenic mechanisms in rodent EAE models, frequently failed to
reproduce promising effects observed in mouse EAE when they were tested in the
clinic. Data obtained thus far show that the latter mechanism, which is novel and has
no equivalent in rodents, better represents the situation in MS. The new atypical EAE
model in which this mechanism has a central pathogenic role (‘t Hart et al. 2017)
offers new unmet opportunities for therapy development.

5.2 Infections

The family herpesviridae comprises eight members (indicated HHV) that are known
to cause disease in humans. A role of three of these HHV in MS pathogenesis is
supported by marmoset EAE models.

HHV5/cytomegalovirus (CMV) is a β-herpes virus that causes usually asymptom-
atic infections in at least 60% of the adult human population; the infection preva-
lence can be >90% in high-risk groups, such as AIDS patients and offspring of
mothers infected during pregnancy. The virus is viewed as a driving factor behind
the aging of the immune system, in particular via the induction of oligoclonal
expansion of potentially pathogenic T cells (‘t Hart et al. 2013). Latent CMV
infection is controlled by HLA-E restricted CD8+ CTL, which also expresses
markers of natural killer (NK) cells (Moretta et al. 2003). Marmosets are naturally
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infected with a simian CMV or can be experimentally infected with human CMV.
(Nigida et al. 1975, 1979), whether CMV has a pathogenic role in MS is debated
(Vanheusden et al. 2015). Based on the specificity for a mimicry epitope shared
between MOG and the UL86 antigen of CMV (Brok et al. 2007), the restriction by
Caja-E, and the expression of the NK cell marker CD56 (Jagessar et al. 2012), we
tentatively placed the CTL that drives the EAE progression pathway in the repertoire
of anti-CMV effector memory T cells. Although a high proportion of mice in nature
are normally infected with mouse CMV, SPF laboratory mice are not infected by the
virus.

HHV4/Epstein Barr Virus (EBV) is a γ1-herpesvirus that causes usually asymp-
tomatic infections in about 90% of the healthy adult population (Bar-Or et al. 2020).
However, only a small minority of B cells actually contain the virus (Khan et al.
1996). The geographical latitude effect on MS has been attributed to the age at which
children are infected with EBV. Around the equator, children are infected before the
age of two, usually without clear clinical consequences. Exposure to the virus in
adolescence can induce infectious mononucleosis, which is characterized by
oligoclonal expansion of B cells, strong activation of antiviral T cells, and flu-like
symptoms. It has been difficult to prove a causal relation between EBV infection and
MS as the difference in infection prevalence between MS patients (100%) and the
healthy population (>90%) is small. Nevertheless, seronegativity for EBV has been
associated with a low-to-absent risk of developing MS (Pakpoor et al. 2013). On the
other hand, a history of infectious mononucleosis (IM) has been reported to increase
the risk of developing MS by at least twofold, when compared to individuals infected
with EBV earlier in life (Ascherio and Munger 2015). Finally, in a case study in one
secondary progressive MS patient, remission could be achieved by the infusion of
cytotoxic T cells designed to clear the host of EBV-infected B cells (Pender et al.
2014). This is the first clear indication that EBV-infected B cells may have a core
pathogenic role in progressive MS.

Mice infected with the murine gammaherpesvirus-68 are used as a model of
human EBV infection for therapy development (Marquez and Horwitz 2015).
However, this virus belongs to the group of γ2-herpesviruses, which have no
known pathogenic role in MS. The model should therefore be deemed as suboptimal.

Marmosets are naturally infected with the EBV-related lymphocryptovirus
callithrichine herpesvirus 3 (CalHV3) (Cho et al. 2001), but marmoset B cells can
also be infected ex vivo with an EBV laboratory strain (95-8). Immunotherapy
studies support a crucial pathogenic role of CalHV3-infected B cells most likely in
the recruitment of the autoaggressive CTL from the anti-CMV repertoire (Jagessar
et al. 2013a). The role of EBV/CalHV3 infection seems to be protection of the
proteolysis sensitive MOG40–48 epitope against fast degradation by the serine
protease cathepsin G in the endolysosomal compartment of B cells so that it can
be cross-presented via Caja-E to the autoaggressive CTL. The protection mechanism
involves citrullination of essential arginine residues and association of the peptide
with autophagosomes (‘t Hart et al. 2016).

HHV6A is a neurotropic β-herpesvirus that infects >90% of the human popula-
tion (Clark 2004). Primary infections in immunocompetent individuals can result in
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neurological problems, such as meningitis and meningoencephalitis. The virus
infects cells involved in MS, including CD4+ T cells and precursors of
oligodendrocytes, the myelin-forming glial cells. The virus has been detected in
brain tissue and CSF of MS patients. Marmosets infected with HHV6A develop
signs of neuroinflammation and neurological problems (Leibovitch et al. 2013).
Humanized SCID mice can also be infected with HHV6A, but obviously provide
a highly artificial system (Reynaud and Horvat 2013).

HHV8/Kaposi’s sarcoma-associated herpesvirus (KSHV) is a γ2-herpesvirus/
rhadinovirus which has no known role in MS. Nevertheless, two animal studies
hint at a possible pathogenic role in the disease. The murine herpesvirus
68 (MHV-68) infects mouse B cells, and for this reason, MHV-68 has been proposed
as mouse model of EBV infection (Marquez and Horwitz 2015). However, MHV-68
is more closely related to HHV-8/KSHV than to EBV. A publication from the
Oregon National Primate Center reported a spontaneous outbreak of MS-like disease
in a colony of Japanese macaques, which was found to be associated with a thus far
unknown simian rhadinovirus (Axthelm et al. 2011).

In conclusion, marmosets are susceptible to infections with three human
herpesviruses, which all have been implicated in the initiation and/or course of
MS. Marmosets are therefore a highly useful model for studies on the separate and
interactive roles of these viruses in MS. The fact that these marmosets naturally
infected with the EBV-related CalHV3, offers unique opportunities for translational
research into the still poorly understood relation between EBV and MS.

6 Welfare Aspects

Aging societies are facing an increasing prevalence of chronic invalidating disorders
of the central nervous system, such as Alzheimer’s and Parkinson’s, and
MS. Despite substantially increased investments by the pharmaceutical industry,
the output of successful new drugs for these disease remains disappointingly low
(Kola and Landis 2004; Schafer and Kolkhof 2008). A main reason is the wide gap
between animal models used in the pipeline selection of candidate drugs and the
human disease.

The lack of valid preclinical animal models added to the increasing costs of
animal research has stimulated the development of nonanimal models based on
human-derived cells ranging from single cell cultures to complex multicellular
systems, such as organs on a chip (‘t Hart and Bajramovic 2008; Balls et al.
2019). Although the developments are promising and these models can be useful
for the study of isolated pathological processes, we believe that the high complexity
of neurological disorders such as MS cannot be adequately modeled without
animals.

Important criteria in the selection of a valid animal model are: (i) whether the
clinical and pathological presentations adequately replicate the human disease (face
validity), (ii) whether disease mechanisms adequately replicate the human disease
(construct validity), and (iii) whether pharmacological effects of a new drug are
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comparable between the model and the human disease. The data presented above
illustrate the validity of the marmoset in the translational research and treatment of
MS. Especially for the new generation of highly human-specific biological drugs,
monoclonal antibodies for example, replacement by other species is often not an
option (Chapman et al. 2007).

However, the two other Rs of the Russell and Burch triplet (1959) require special
consideration. Marmosets are an outbred nonendangered species, which adapt well
to captive conditions in moderate climate areas. The marmosets that we use for our
research come from the purpose-bred and pedigreed colony that has been held for at
least 30 years at the BPRC. Large investments have enabled the creation of optimal
housing conditions of marmoset families (see www.bprc.nl). For a detailed descrip-
tion of our animal welfare policy in general andmore specific information on housing,
enrichment, and animal training, we refer readers to the institute’s website: http://
www.bprc.nl/en/welfare/. Marmosets selected for EAE experiments are moved to the
experimental facility where in agreement with international standards, they are pair-
housed in spacious indoor cages (0.75 � 0.70 � 1.90 m3), enriched with sticks,
branches, toys, and boxes that can be used for shelter.

Inevitably, the welfare of marmosets participating in EAE experiments is affected
at different levels, including the procedures used for disease induction, stress or
physical damage caused by the impairment or loss of neurological functions, and the
procedures for collection of body fluids for immune monitoring. A large part of our
research has been dedicated at achieving compliance of the marmoset EAE model
with the 3R principles (Russell and Burch 1959), while keeping an eye on the
clinical relevance of the model. Our work revealed a potential conflict among the
4R’s (Relevance, Replacement, Reduction, and Refinement), which cannot easily be
solved (‘t Hart 2016).

The Relevance of an animal model for the preclinical efficacy screening of
potential therapies, depends on whether essential clinical and pathological aspects
of MS are reproduced in the EAE model (face validity) and whether the pathogenic
mechanisms resemble those in the human disease (construct validity). The close
similarity of the marmoset EAE model with MS implies that a certain amount of
discomfort due to the loss of sensory and motor functions is inevitable. A potentially
problematic factor is that marmosets in the experimental facility are pair housed in
tall cages. To protect a motorically affected EAE marmoset against falling from a
high altitude, separators are placed in the cage. Moreover, padded shelter is provided
in the cage where a sick monkey can rest. Another important measure to minimize
suffering is that the duration of the different levels of discomfort is maximized in a
cumulative fashion (Jagessar et al. 2013b).

Considering the Replacement paradigm, it is important to stress that according to
European legislation (EU directive 2010/63/EU; European Commission 2010),
experiments in live nonhuman primates are only allowed when there is no other
way to obtain the same information. Typically, the marmoset EAE model is used for
the preclinical efficacy testing of new biological therapeutics, which, due to their
high specificity cannot be tested in other animals. Importantly, usage of the model
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for therapy evaluation requires deep understanding of the pathogenic mechanisms,
which necessitates exploratory research in the model.

Compliance with theReduction principle is achieved by using power analysis for
calculating the minimum size of experimental groups needed for obtaining results
that can be tested statistically (Cohen 1992). Moreover, techniques for the collection
of more information from fewer animals have been developed, including live
imaging, longitudinal immune monitoring, and biomarker analysis in body fluids
(‘t Hart et al. 2004b; Jagessar et al. 2013b). In addition, tissues collected at necropsy,
including lymphoid organs, brain, and spinal cord, are intensively used for further
analysis by histological and molecular biological techniques. As marmosets are an
outbred species, heterogeneity in the response to EAE induction and to an experi-
mental treatment should always be anticipated. Fortunately, the MHC class II (Caja-
DRB*W1201) and class I (Caja-E) susceptibility alleles are invariant, but non-MHC
genes, such as those encoding the IL-7 receptor, also appeared to exert a variable
influence (Dunham et al. 2016). This variation can be dealt with to some extent by
using bone marrow chimeric twins, which, as discussed above, are immunologically
more comparable than nonrelated monkeys.

Considering Refinement, it is a central dogma in immunology that autoreactive T
cells that have escaped negative selection in the thymus, and are therefore present in
the healthy immune repertoire, are kept under strict control by potent regulatory cells
(Bluestone and Abbas 2003; Peterson et al. 2008). Adjuvants are used for breaking
such tolerance mechanisms and for the awakening of autoreactive T cells (Baxter
2007). The frequently used adjuvant CFA, which in rodent EAE models is combined
with systemic administration of another adjuvant (Bordetella pertussis), is notorious
for its serious adverse effects, of which the formation of necrotic granulomas at the
injection sites is the most visible, albeit not the only, damage. The observation that
the T cells that mediate EAE initiation and progression in marmosets can be
activated in vivo by immunization with antigen in the much milder adjuvant IFA
(discussed above) implies a major reduction of discomfort. However, these atypical
EAE models are sensitive to variation in individual characteristics of the monkeys,
such as their genetic background and history of infections. The inevitable conse-
quence for these models is higher variation in the response to immunization and to

Table 1 The effect of response variation on group size

Response to EAE
Response to
treatment

Group
size

Response to
treatment

Group
size

10/10 100% 4 80% 6

9/10 100% 5 80% 8

8/10 100% 6 80% 11

7/10 100% 8 80% 16

6/10 100% 10 80% 24

5/10 100% 12 80% 40

Shown is a power calculation of group size for a hypothetical experiment in the marmoset EAE
model. The depicted example shows that the occurrence of nonresponders to EAE induction has a
dramatic effect on group size even when 80% of the monkeys respond to the experimental treatment
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the experimental treatment than observed in the more robust CFA-based models.
Table 1 illustrates the impact of higher variation on the group size. The given
example illustrates that an investment in one R (i.e., Refinement) can create a conflict
with other Rs (i.e., Reduction).

A possible way out of this dilemma would be a different view on the design of
studies involving precious animals, such as nonhuman primates. It has been argued
by Bacchetti et al. that underpowered studies are not by definition irrelevant and can
provide innovative data (Bacchetti et al. 2011, 2012). Above a certain sample size,
the scientific or clinical value of each extra animal decreases, while the potential
discomfort is the same for each added animal. In a recent marmoset EAE experiment
comprising seven marmoset twins of which six developed EAE, we observed that
only three twins responded to the experimental treatment, which was a novel mAb
against the human IL-7 receptor. As the EAE course in these three responder twins
clearly evolved faster than in the three nonresponder twins, we concluded that the
treatment may have intervened in the process that accelerated EAE development
(Dunham et al. 2016).

Of note, it is commonly observed in clinical trials that less than 100% of the
participants respond to a tested treatment, which is usually attributed to heterogene-
ity of the pathogenic process. Even for a highly successful antirheumatic drug, the
anti-TNFαmAb infliximab, which has been a trendsetting treatment for autoimmune
inflammatory diseases, a response rate of 70 to 80% has been recorded (Maini and
Taylor 2000).

7 Perspectives and Concluding Remarks

For many years, research in immunology has been concentrated on the adaptive arm
of the immune system, i.e., the mechanism(s) used by T and B lymphocytes to
distinguish infectious nonself from a species’ self. The SPF-bred mouse has been at
the center of all discoveries that shaped our current understanding of the system. Just
two decades ago, interest in the role of the innate immune system was sparked by the
discovery of evolutionary conserved pattern recognition receptors (PRR), such as
Toll- and NOD-like receptors, with which immune cells recognize equally
conserved pathogen-associated and cell damage-associated molecular patters
(PAMPS and DAMPS) (Janeway and Medzhitov 2002). In addition, lectin-type
receptors were identified on antigen-presenting cells that recognize carbohydrate
structures, via which, self can be distinguished from nonself or altered self (e.g., on
infected cells or cancer cells) (‘t Hart and van Kooyk 2004; Geijtenbeek et al. 2004;
Rabinovich et al. 2012). Research into the basic principles ofinnate immunity has
involved, besides mice, other species, including invertebrates.

The current impressive body of immunological knowledge has enabled the
development of treatments with satisfactory efficacy in RRMS. However, the list
of failures, where the promising effects of new drugs in animal models could not be
reproduced in patients, is much longer than the list of successes. There is growing
awareness that the over-reliance of immunologists on a few well-defined SPF-bred
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and genetically homogeneous laboratory mouse strains hinders the development of
better therapies for autoimmune diseases, cancer, and neurological diseases (Davis
2008).

As the causes of failure are usually not investigated, the predictive quality of the
animal models currently used in preclinical research has not really changed. We have
proposed elsewhere that lessons should be learned from failed clinical trials and that
this knowledge should be used for elucidating why a given animal model has failed
to predict efficacy of a promising treatment in the clinic (‘t Hart et al. 2014).
Unfortunately, this is rarely done.

We have used such a reverse translation approach for therapeutic biologicals that
failed unexpectedly in RRMS clinical trials, namely the anti-IL-12p40 antibody
ustekinumab (Segal et al. 2008) and atacicept, a chimeric construct combining
IgG-Fc with the soluble TACI receptor of the B-cell cytokines BlyS and APRIL
(Kappos et al. 2014).

Regarding ustekinumab, we discovered that the mAb is much more effective
during EAE onset (Brok et al. 2002) than during established disease, although late
stage treatment inhibited the activity and enlargement of lesions (‘t Hart et al.
2005b). The explanation for this phenomenon could be that after a variable period
of time, the autoimmune attack on the CNS transits from a mouse EAE like
pathogenic mechanism, driven by the synergistic action of MHC class II-restricted
Th1 cells and autoantibody, to an MS-like pathogenic mechanism, driven by MHC
class Ib-restricted CD8+ CD56+ CTL, which seem to be absent in SPF mice (Kap
et al. 2008).

Regarding atacicept, we discovered that capture of growth and differentiation
factors, such as BlyS and APRIL, did induce depletion of B cells, but not of a small
γ1-herpesvirus-infected fraction, which could be achieved with an anti-CD20 mAb
that was effective in the clinic (ofatumumab). Indeed, survival of EBV-infected
marmoset B lymphoblastoid cell lines in culture was not affected by the depletion of
BlyS and APRIL (own unpublished data). This unexpected finding led us to the
novel insight that immunotherapies targeting the small fraction of EBV-infected B
cells (<0.01%) may not only be effective, but also safe as nearly the entire B-cell
compartment is left intact. In subsequent studies we analyzed why the virus-infected
B-cell fraction is especially pathogenically relevant in MS (‘t Hart et al. 2016). We
discovered that EBV infection converts the destructive processing of the core
pathogenic MOG34-56 peptide, which is a potential tolerance mechanism (‘t Hart
et al. 2016), into a productive processing and cross-presentation of the epitope,
which is a potential autoimmune mechanism. This novel concept was recognized in
an editorial in Science Translational Medicine as “a new pathway by which infection
triggers autoimmunity” (Moore 2016).

In conclusion, we believe that the nonhuman primate is certainly not the
translationally most relevant or the preclinically most useful model of human
autoimmune disease. We also recognize that high costs and ethical constraints
limit their use. This publication argues, however, that nonhuman primates are
essential complementary models where the gap between mouse and man hinders
progress in translational research. Moreover, when it comes to the development of
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innovative treatments, such as gene therapy (Goossens et al. 1999; Poliani et al.
2001; Bevaart et al. 2015) or stem cell therapy (Pluchino et al. 2009; Thiruvalluvan
et al. 2016), nonhuman primate disease models have proven their usefulness.
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Animal Welfare, Animal Rights,
and a Sanctuary Ethos

Lori Gruen and Erika Fleury

Abstract

In this chapter, we will briefly examine the impact humans have on the other
primates, particularly in the United States, and then explore different ethical
frameworks that guide how we might exercise our responsibilities to nonhuman
primates. We will examine the differences between an animal welfare position
and an animal rights position. In closing we will advocate for the development of
a sanctuary ethos that draws on both the welfare and the rights positions and urges
us to re-examine our ethical agency in our relationships with other animals.
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1 Ethics Beyond the Human

To deny that we have any responsibilities to animals other than human beings has
been referred to as “speciesism” or “human exceptionalism.” These terms highlight
an ethically problematic prejudice that grants moral consideration based solely on
species membership (see Gruen 2017; Ryder 2005; Singer 2002). Speciesism holds
that humans are the only beings that do some things or have some capacity or
capacities and that humans, by doing those things or having those capacities, are
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superior to species that do not do these things or have these capacities. The first of
these claims raises largely empirical questions—what is the thing that only we do or
have and are we really the only beings that do or have it? The second claim raises an
evaluative or normative question—if we do discover a capacity that all and only
humans share, does that make humans better, or more deserving of consideration,
than others from an ethical point of view? (Gruen 2021).

Many capacities have been thought to distinguish humans from other animals,
such as solving social problems, expressing emotions, developing culture, having
relationships, laughing, playing, and having a sense of humor. As it turns out, none
of these are unequivocally unique to humans. All animals living in socially complex
groups solve problems that arise in their groups. Canids (Miklósi and Topál 2013)
and primates (Stanford 2001) are particularly adept at it, yet even chickens
(Bradshaw 1991, 1992; Schjelderup-Ebbe 1935) and horses (Williams 2004) are
known to recognize large numbers of individuals in their social hierarchies and to
maneuver within their social networks. Moreover, one way that nonhuman animals
negotiate their social environments is by being attentive to the emotional states of
conspecifics (Pennisi 2006). Many groups of animals develop skills that they pass
along to others, which is one criterion of culture (Allen et al. 2013; Laland and Galef
2009). Social animals have complex relationships with others, including family and
friends, and many animals engage in play and even play jokes on one another
(Bekoff and Byers 1998; Bugnyar and Kotrschal 2002). Other primates have most
of these capacities.

Yet there are differences between humans and animals. Only humans can read
and write chapters such as this, and that is certainly a distinctive capacity. But not all
humans can do so. Does that make those who cannot read or write any less
important? Cheetahs can outrun humans and chimpanzees, but chimpanzees are
stronger than humans and cheetahs. That makes both chimpanzees and cheetahs
distinctive, but does that make either more important? All living beings are different
from one another, as members of biological groups and as individuals. Given the
tremendous variety of animal shapes, sizes, social structures, behaviors, and habitats,
it seems odd to mark a divide between humans and all other animals for ethical
reasons. Marking these marvelous differences does not obviously mean one whole
species, the human species, with all the diversity within it, is better than all the other
species.

In rejecting speciesism or human exceptionalism, we might instead focus not on
how special we are, but rather on the type of people we want to be. Ethically
conscientious people try to go through the world making the right sorts of choices,
and doing good for, or at least minimizing harm to, other beings. In thinking about
members of other species, such people consider whether their actions and choices are
good for others and promote their well-being, or conversely, cause others harm. In so
many contexts, the sad fact is that we rarely consider the impacts of our actions on
others and end up causing them much harm, intentionally or not (for extended
discussion see Gruen 2021).
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2 Nonhuman Primates and Their Exploitation

Primates’ lives are diverse, and this makes it difficult to generalize about what will
promote their well-being. However, some generalizations can be made. For example,
with a few exceptions, primates are quite social and require interactions with
conspecifics to lead healthy lives (Sapolsky 2005). Compared to other mammals,
primates have extended childhoods and stay with their mothers (and other parenting
adults) for a year or more: chimpanzees and mountain gorillas wean at 48 months,
woolly monkeys at 20 months, and olive baboons and long-tailed macaques at
14 months (Rowe 1996). During this extended childhood, individuals learn proper
species behavior as well as survival skills. When primates are denied the opportunity
to develop these skills, the negative effects shadow them for their entire lives. With
limited early social opportunities, they develop stereotypies (repetitive, functionless
behaviors) (Poirier and Bateson 2017) and serological evidence of stress (Jacobson
et al. 2017).

Nonhuman primates’ resemblance to humans, while remaining not human, has
captivated people, and this human fascination has often led to the exploitation of
nonhuman primates in various captive environments. Primates are held captive in the
United States primarily in three industries: laboratory research, entertainment, and in
the exotic pet trade. The exact numbers involved in these industries are difficult to
obtain. Some species, for example, chimpanzees, are more closely tracked than other
species, such as capuchins. In this case, the difference may be due to the fact that
capuchin monkeys are not classified as endangered in the United States (USFWS
2018), and so trade in these species is less regulated. Here we briefly discuss the use
of nonhuman primates in these three industries.

2.1 Laboratory Research

Most primates living in captivity in the United States are held in research
laboratories, and the majority of laboratory-housed primates are New- or
Old-World monkeys. A 2017 report by the Animal and Plant Health Inspection
Service listed a total of 110,194 primates in research, including 34,369 which were
held but were not currently involved in studies (APHIS 2018). The vast majority of
primates held in laboratories are macaques, including rhesus and crab-eating. Other
species commonly used in research are African green monkeys and New World
monkeys such as titi monkeys, owl monkeys, marmosets, and tamarins (Carlsson
et al. 2004; Phillips et al. 2014). At the time of this writing, 368 chimpanzees remain
in laboratories (ChimpCARE n.d.), although they are no longer used in research
(NIH 2018).

Improvements to laboratory primate welfare have been the focus of attention in
recent decades, yet there is no way to completely eliminate the stress of laboratory
captivity (Lahvis 2017b). Monkeys used in research may be captured in the wild and
imported or they are bred in captivity. Wild captures destroy social groups, animals
are frequently killed while struggling to free themselves, and individuals may perish
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during long international flights (Shukman and Piranty 2018). Commercial breeding
avoids these difficulties.

According to federal regulations, rhesus macaques, the primate most frequently
used in laboratory research (Conlee et al. 2004), can be kept in enclosures that
provide just over 4 square feet, that is, just under 0.4 m2, per animal, with a cage
height of 30 inches, that is, just over 76 cm (APHIS 2019). Rhesus macaques are on
average 20 inches (50 cm) tall (Rowe 1996), so they have little room to climb or
move in these enclosures. To efficiently collect data, monkeys in biomedical labora-
tory research are almost always denied access to sunlight and fresh air. It is now
common practice to socially housed monkeys in laboratories, or at least in pairs or
quads, but this may not contribute to an individuals’ well-being (Novak 2003).
Depending on the relationships between the individuals housed together, the number
of animals in a room, the stress levels, and vocalizations occurring, monkeys kept in
such environments may experience significant distress (National Research Council
1992). Captive housing is just one aspect of laboratory research that impacts primate
well-being and its scientifically confounding impact is often overlooked (Lahvis
2017a).

In the USA, all federally funded research must undergo review by an Institutional
Animal Care and Use Committee (IACUC), a group that generally includes labora-
tory animal veterinarians, animal researchers, and someone from outside of the
laboratory community. IACUCs are tasked with ensuring that protocols do not
duplicate previous research, are not using animal models unnecessarily, and are
making every effort to avoid or reduce animal suffering.

Even the most common laboratory procedures, such as a blood draw, may cause
distress to the animal (Bush et al. 1977; Balcombe et al. 2004). More dramatic
procedures, such as a darting with anesthesia, may provoke even more distress.
Repeated exposures to such events may not dull an animals’ reaction to them but will
often instead make the animal react more strongly to these events. In other words,
these events lead to sensitization and not habituation (Balcombe et al. 2004).

Primates in laboratories often exhibit symptoms of stress when they see other
animals forced to undergo procedures, even if they themselves are spared (Balcombe
et al. 2004). Many (if not all) laboratory procedures cause some level of distress,
illness, or pain to the animals that undergo them, but the pursuit of improvements in
human health is often the justification that permits laboratory research on nonhuman
primates to continue (Friedman et al. 2017).

2.2 Entertainment

Although primates have acted the jester for centuries, playing an integral role in
spectacles from circuses and live shows to films and television programs, primates
are currently being used in entertainment less frequently. People are reconsidering
the ethical permissibility of laughing and gawking at socially and emotionally
sophisticated, intelligent primates which are trained, often through aversive
methods, and forced to perform (Hevesi 2022; Newman 2014; Bodkin 2018;
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Baeckler 2003). Additionally, technological advances provide realistic
computerized apes and monkeys that are cheaper, safe to work with, and more
readily accessible than live primate actors (Shaw-Williams 2016).

The number of primates used in entertainment are difficult to estimate, but, in the
United States, it appears to be on the decline. For great apes in the United States, as
recently as the 1990s, more than 100 chimpanzees and 35 orangutans were working
for 40–50 trainers. A more recent survey in 2016 counted only 13 chimpanzees and
10 orangutans working for just five trainers (Ragan 2016). The situation is more dire
throughout the world. In Indonesia, for instance, rhesus macaques and orangutans
are regularly paraded around in chains, while dressed in clothing and make-up to
delight tourists (BBC 2013).

For training purposes, primates are removed from their mothers often years
before they would normally separate (Freeman and Ross 2014). Because primates
generally become too aggressive and rebellious to handle as they age, trainers only
can use primates in their first few years of life. Even then, to avoid injuries to
humans, trainers often remove the primates’ teeth, which disadvantages these
animals for the rest of their lives (NAPSA n.d.-a; Baeckler 2003).

2.3 Zoos

Zoos exist in a middle ground between entertainment and conservation (Hosey 2022;
Prescott 2022; Baker and Farmer 2022). Reputable zoos in the United States are
accredited by the Association of Zoos and Aquariums (AZA). Worldwide zoo
accreditation occurs under the World Association of Zoos and Aquariums. Zoos in
the United Kingdom and Ireland are accredited by the British and Irish Association
of Zoos and Aquariums. These organizations attempt to ensure that member
institutions meet their standards of care and management. There are also unregulated
roadside zoos in the United States and comparable facilities elsewhere that are not
accredited by these organizations and often engage in practices that are more harmful
to the animals and potentially dangerous to the public, such as nonprotected contact
for photo opportunities.

Given that there are many types of zoos, there are no hard numbers about the
populations of nonhuman primates currently living in zoos. ChimpCare, a project at
the Lincoln Park Zoo in Chicago, Illinois, reports that there are 239 chimpanzees at
AZA-accredited zoos, and 162 at unaccredited facilities, such as roadside zoos, but
also pseudo-sanctuaries and breeders (ChimpCARE n.d.). However, chimpanzees
are only one of many species of nonhuman primate living in zoos.

Life in an accredited zoo is likely to be one of the better options for a captive
primate, as many zoos are working to improve animal welfare protocols. In the
United States and across the globe, there are still ethically troubling aspects of zoo
animal care. Zoos engage in selective breeding that often involves moving animals
from one facility to another (AZA 2020), and moves can be stressful for the animals
(National Research Council 2006). Most zoos will permit infants to be raised by their
mothers and that can positively impact the well-being of the infants, the mothers, and
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their social groups. Well-run zoos provide regular medical care and enrichment
programs that ensure that the primates’ basic physical and psychological needs are
met (AZA 2020). Although living a life on display can negatively impact well-being
(Salas and Manteca 2017), there are zoos that permit primates in their care to have
privacy and to escape visitors’ prying eyes. However, the quality of zoos varies
across countries and many long-lived primates in zoos are languishing in unnatural
enclosures with little to stimulate their minds (McArthur 2017). Given there is little
oversight to regulate the quality of care for animals in nonaccredited public
attractions, the minimal standards of care negatively impact nonhuman primates
(Rudloff 2017). Furthermore, some zoos worldwide, and many nonaccredited zoos
in the United States, get animals from private breeders, which fund and encourage
the primate pet trade (Green 1999).

2.4 The Pet Trade

The removal of infants from their mothers is rampant in the exotic pet industry
(Hevesi 2022), where primate infants are removed from their mothers before they
should be (Fleury 2013). When primates are unable to experience a typical infancy,
the resulting stereotypies may include, but are not limited to, obsessive and compul-
sive actions such as rocking, repetitive banging, floating limb syndrome (where an
animal’s arm, leg or tail moves as if it is independent of the individual, which then
often attacks it), aggression, depression, coprophagy, screaming, and self-injurious
behaviors that include hair plucking, scratching, picking at injuries, insertion of
foreign objects into bodily cavities, and other forms of mutilation, all which can
cause infection and lead to further negative impacts on well-being (Marriner and
Dickamer 1994; Mason 2006).

There is no federal law that regulates the private ownership of primates, and state
restrictions vary. Although 29 states in the United States ban owning nonhuman
primates as pets, nine allow for exceptions, depending on the animal’s provenance or
proof of legal ownership from another state. Primate pets may also be grandfathered
in if they are already living in the state at the time the law was passed. Nine other
states require some sort of permit to own a primate as a pet, and the remaining
12 states have some rules about animal care, but otherwise do not limit the purchase
or housing of nonhuman primates (Paquette 2018). Oversight of these pets is little to
nonexistent. As a result, there are likely to be nonhuman primates hidden in human
homes and backyards throughout every state. The Humane Society of the United
States estimates there are 15,000 primates living as pets in the United States (HSUS
n.d.). The vast majority of these pets are monkeys, but they also include
25 chimpanzees (ChimpCARE n.d.) and one orangutan (Ragan 2016).

It is difficult to pinpoint the most troubling consequences of nonhuman primates
living in human homes or backyards, but primate sanctuaries are frequently
contacted regarding sanctuary housing for primates which have been confiscated
or whose owners wish to voluntarily surrender them, suggesting that most of these
pet owners regret their expensive purchase, lose interest in their pet, or do not have
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the space, funding, or time to adequately meet their pet’s needs (RSCPA n.d.). These
problems are likely the result of uneducated consumers who did not know how to
care for primates and who usually do not know what they have gotten themselves
into, as veterinarian Craig J. Blair explains:

One of the largest brokers of pet monkeys in the eastern U.S. advertises on its web site that
its employees spend up to two hours with new monkey owners educating them about
everything they need to know about monkeys. I’ve been in exotic pet practice for 11 years
and received training at the Cincinnati Zoo. I can say with certainty that two hours is barely
enough time to realize that you will never know everything you need to know about
monkeys (Blair 2005, p. 35).

3 Animal Welfare Concerns

Every animal, humans included, wants to avoid unnecessary pain. This sets a limit
on what ethical agents should attend to when they are figuring out how to interact
with other animals. Animal welfare was originally conceived as an absence of
cruelty, and various organizations came into existence to expose cruelty and enact
statutes to prevent it (Beers 2006). Animal welfare has since expanded to include
broader considerations of the various ways that sentient beings have their basic
interests violated when we cause them to suffer, emotionally, physically, or both
(Palmer and Sandøe 2018). The many contexts in which primates and other animals
are used today can cause suffering and negatively impact animal well-being.

In the United States, the first version of the Animal Welfare Act (AWA) was
introduced in 1966 and it has since been amended multiple times to broaden its
application (Gruen 2021). The AWA sets minimal standards of care that may keep
animals alive, but it does not promote flourishing or a species-appropriate life for
them. For example, AWA laboratory research regulations do not protect a research
animal from experiencing pain. Instead, the Act asks researchers to “consider
alternatives” if the procedure is “likely to produce pain to or distress” an animal
(Favre 2002). If a procedure unexpectedly causes pain to the animal, the procedure is
still acceptable under the AWA. If the research requires causing pain and there are no
alternatives available, that too would be allowed under the AWA.

A 1985 amendment to the AWA sought specifically to do better for nonhuman
primates by requiring that their psychological well-being be promoted. Some
members of the research community fought this change, citing concerns that ranged
from the cost of such changes to avoidance of increased aggression with larger
numbers of socially housed primates (Gluck 2014), but regulations were nonetheless
promulgated in 1991. Specifically, dealers, exhibitors, and research facilities were
required to develop, document, and follow an appropriate plan for environment
enhancement adequate to promote the psychological well-being of nonhuman
primates. The plan must be in accordance with the currently accepted professional
standards as cited in appropriate professional journals or reference guides, and as
directed by the attending veterinarian (AL&HC 2015, np; Bayne et al. 2022).
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Many believe that the AWA standards are not good enough (Frasch 2016).
Accredited zoos often seek to go beyond the AWA standards and specifically
focus on improving well-being. The World Zoo and Aquarium scientists have
developed what they call the “Five Domains” model that includes nutrition, envi-
ronment, physical health, behavior, and recognizing that well-being is a subjective
state, the fifth domain is based on negative and positive experiences, or psychologi-
cal states (WAZA n.d.). The “first four domains enable systematic consideration of a
wide range of conditions that may give rise to a range of subjective experiences
found within the fifth ‘mental’ domain. The net impact of all of these experiences is
assessed as representing the animal’s welfare status” (Gusset and Dick 2015). Some
argue further that considerations of animal well-being should include a balance of
positive over negative states, as well as the opportunity for animals to carry out
natural behaviors, and to choose what matters most to them (Palmer and Sandøe
2018).

Of course, being free to express natural behaviors and make choices within
unnatural environments may not be fully conducive to well-being. Not all harms
can be avoided, such as when considering conflicts between wild animals and nearby
humans. When conflicts of interest arise, as they often do in our world of limited
resources, some interests will lose out. In speciesist societies like our own, it is the
interests of other animals that usually are violated to promote human interests, and
that is why some argue that animal welfare considerations do not go far enough.

4 Animal Rights

Advocates of animal rights grant that animal suffering is an important ethical
consideration, but argue that it is not the only one. The difference between animal
rights and animal welfare is that those concerned with animal welfare are not
opposed to the use of animals, where those advocating animal rights believe animals
have a right not to be used for human purposes (e.g., Regan 1985; Donaldson and
Kymlicka 2011). Proponents of animal rights believe nonhuman animals are worthy
of the respect that is granted to holders of human rights.

Animal rights proponents, like philosopher Tom Regan, argue that we should
treat humans and other animals with the respect that they are due. For Regan,
utilitarian considerations of weighing pleasures and pains, frustrations, and satisfac-
tion should not be the basis of ethical action. He writes:

The forlornness of the veal calf is pathetic, heart wrenching; the pulsing pain of the chimp
with electrodes planted deep in her brain is repulsive; the slow, tortuous death of the raccoon
caught in the leg-hold trap is agonizing. But what is wrong isn’t the pain, isn’t the suffering,
isn’t the deprivation. The fundamental wrong is the system that allows us to view animals as
our resources, here for us. . . (italics in original, Regan 1985, p. 13).

According to Regan, all normal adult humans and other animals are what he calls
“subjects of a life” (Regan 1985, p. 22) that have inherent worth and are due respect.
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Subjects of a life are beings with relatively complex mental lives that include
perceptions, desires, beliefs, memories, intentions, and at least a minimal sense of
the future. Precisely who is a subject of a life is open to debate (for example, do
octopuses have this sort of mental life? What about bats? Or humans who are in
irreversible comas?), but the basic idea is that the lives of these individuals matter to
them, “equally, whether they be human animals or not” (italics in original, Regan
1985, p. 23), that is what grounds their worth, and that is why they have rights.

Those who argue for animal rights are not necessarily seeking legal rights for
other animals, but rather moral rights, rights that protect other animals in ways that
go beyond the prevention of cruelty and suffering. But there are animal rights
proponents who are seeking legal protections for primates. To date, these efforts
have sought to grant legal rights to great apes given that we humans are great apes.

The Great Ape Project, which began with the publication of a book by that title in
1993, sought to establish that great apes, as subjects of meaningful lives, were
deserving of rights. Through a collection of essays edited by Peter Singer and
Paolo Cavalieri, the members of this project argue that, as members of a community
of equals, there are basic rights that all great apes deserve:

1. Right to life—members of the community of equals, which include humans, may
not be killed except in certain strictly defined circumstances such as self-defense.

2. Protection of individual liberty—members of the community of equals are not to
be deprived of their liberty, and are entitled to immediate release where there has
been no form of due process. The detention of great apes which have not been
convicted of any crime or which are not criminally liable should be permitted
only where it can be shown that the detention is in their own interests or is
necessary to protect the public.

3. Prohibition of torture—the deliberate infliction of severe pain, on any great ape,
whether wantonly or because of a perceived benefit to others should be prohibited
(Singer and Cavalieri 1993, p. 4).

Building on some of these ideas, The Nonhuman Rights Project (NhRP), led by
lawyer Steven Wise, filed writs of habeas corpus in New York state in 2013, seeking
the release of privately owned chimpanzees to a sanctuary (Gorman 2013). The
arguments hinge on the recognition of the chimpanzees’ personhood, that is, their
capacities for self-awareness and autonomous action. The NhRP built their case on
research with chimpanzees that suggests they have a sense of self and they under-
stand themselves as having interests that extend through time (NhRP 2013; Hirata
et al. 2017; Silk et al. 2013). John Locke (1690) suggested the capacity to recognize
oneself as having a past and future is to be a person. In our legal system,
chimpanzees are not considered persons (no animals are) and thus animals cannot
be the bearers of rights. Rather, animals are classified as property. The desire to
change this classification is what motivates the NhRP. Given that the legal system
only has two categories for distinguishing between beings (either person or property)
classifying chimpanzees as legal persons are more accurate than considering them to
be mere property, like a table or a cell phone.
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Although no nonhuman animal species, including nonhuman primates, have been
recognized as having legal rights, arguments for their moral rights have gained
traction (Ballesteros 2017; Cetacean Rights 2010). The outcry that led the Institute
of Medicine to explore whether we needed to continue research with chimpanzees,
which ultimately led to the decision by the National Institutes of Health to end
funding for chimpanzee research and retire government owned and supported
chimpanzees to sanctuary (NIH 2015), was in part motivated by the view that
great apes have significant moral status (Singer and Cavalieri 1993).

5 A Sanctuary Ethos

There is a perspective beyond animal welfare and animal rights that can be called a
“sanctuary ethos.” This is a way of engaging with other animals found in genuine
sanctuaries, but the sanctuary ethos can also be developed in other sites of captivity.
For example, the director of the Detroit Zoo, Ron Kagan, has been considering the
implications of a sanctuary ethos for zoo settings (Kagan 2016). Sanctuary is more
than a word; it is a place where the interests, choices, and well-being of animals
come first; where their choices are taken seriously; a place where animals are treated
with great care and respect. Care and respect in these settings are not just words.
Renaming an institution of use with the word “care” is not the same as genuinely
caring for and about nonhuman primates. There are facilities who wear the mantle of
“sanctuary” but who engage in exploitive practices and are for-profit institutions
where resident animals are used for profit by allowing public interactions and
performances, and for whom animal welfare is not the first priority. At a bona fide
sanctuary, care and respect are predicated on a recognition of the independent worth
of another being, a recognition that they have their own interests, needs,
personalities, and concerns that deserve to be attended to as their own, not for
someone else’s purpose. In sanctuaries, animals can interact with each other and
caregivers when they decide to, exercise their bodies and minds as they want, and are
free to choose how to spend their time and with whom.

In addition to providing the basic needs for well-being, including a healthy diet,
clean air and water, and enough space, at reputable sanctuaries, animals are treated
with dignity (Gruen 2014a; Kymlicka 2018; Nussbaum 2006). In sanctuaries,
animals’ lives are valued as theirs to live without our judgments and interference.
Sanctuary residents are treated with respect and are cared for empathetically (Gruen
2014b). Recognizing the limits of our own ways of seeing the world and being open
to learning how members of other species see the world helps promote animals’
dignity, but also has the potential to expand our own ethical perceptions. Sanctuaries
are sites of growth and care, for both humans and for nonhuman residents.

Accredited sanctuaries within the U.S. care for over 630 great apes (ChimpCARE
n.d.) and many hundreds of monkeys. The number of sanctuary residents continue to
grow as the use of primates is slowly phased out of entertainment, the pet trade, and
laboratory research. In March of 2018, a turning point was reached in the U.S. when
there were more chimpanzees living in sanctuaries than in laboratories (Grimm

636 L. Gruen and E. Fleury



2018). There had already been more chimpanzees in sanctuary than in zoos and in
private ownership such as trainers and breeders (ChimpCARE n.d.). Although
moving primates to sanctuary raises temporary concerns about their well-being,
knowledgeable transport, quarantine, and acclimation procedures are in place to
minimize temporary discomfort, and the end result of sanctuary retirement justifies
any potential temporary inconvenience. Transporting primates to sanctuaries is a
practice that has been relied upon for decades (Block 2018) and has been proven safe
and reliable (NAPSA 2018).

Sanctuaries exist as a long-term bandage designed to patch up the problems
wrought by the pet trade, by research, and by the entertainment industry. Of course,
even in sanctuaries, monkeys and apes are still captive. Sanctuary life is not intended
to be a replacement for living free of human control, but it exists as the best possible
option for many animals. Institutions that house primates as means to an end (such as
medical research or public education) have to balance their primary purpose with the
well-being of the captive primates in their care. True sanctuaries exist for no purpose
other than to provide for the animals. Primates are not used at sanctuaries, they are
there to be cared for psychologically, medically, and socially. These facilities are not
open to the public and do not transfer their residents unless it is in the individual
animals’ best interest (NAPSA n.d.-b). Reputable primate sanctuaries that are
inspected and certified by international or national accrediting bodies provide a
level of care, attention, respect, and freedom that cannot be provided at institutions
in which primates are or were used.

6 Conclusion

Over the last few decades, concern about human use of nonhuman primates has
grown, as has alarm about the destruction of primate habitats. We would venture to
say that almost everyone is interested in promoting primate welfare, that is, to ensure
that nonhuman primates held in laboratories, entertainment venues, zoos, and
homes, are not treated cruelly, subjected to pain, or made to suffer. Despite that,
current welfare standards are often inadequate and there are still too many nonhuman
primates kept in conditions that are incompatible with their well-being. Animal
rights advocates argue that nonhuman primates should not be held in captivity or
used for human purposes, as this violates their right to freedom and respect. Given
the fact that primates are already in captivity and cannot be moved to the wild, many
have argued that they should be allowed to live out their lives in sanctuary. We have
urged the importance of understanding sanctuary as a place that provides the highest
level of care and one designed solely to promote the flourishing of the animals that
can call it their home.
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The Welfare Impact of Regulations, Policies,
Guidelines, and Directives and Nonhuman
Primate Welfare

Kathryn Bayne, Jann Hau, and Timothy Morris

Abstract

Many, but not all, countries and jurisdictions around the world have laws,
regulations, policies, and other systems of oversight relating to the use of animals
in science. There are variations in scope, scale, approach; in legal basis; in social
and cultural perspectives; and in implementation. There is increasing conver-
gence of the features of this oversight. In particular, there is increased emphasis
on a wider scope of oversight to include all facets of animal use, in particular on
ethical aspects and on standards and approaches to animal care and welfare. As
the use of nonhuman primates in research requires special consideration of their
welfare, many countries have adopted special requirements to achieve that
objective. In addition, numerous professional organizations have published guid-
ance documents designed to optimize the welfare of nonhuman primates in
captive environments. The purpose of this chapter is to provide an introduction
to the range of legislative approaches and to highlight associations that are
impactful in this area.
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1 Introduction

There are well-recognized ethical challenges associated with captive housing of
nonhuman primates which, at the moment, do not apply to the captive housing of
many other species. In contrast to the majority of laboratory animals, nonhuman
primates are basically wild animals, and although they may have been housed in
captivity for a few generations, they remain undomesticated. Unlike most other
species used in research, primates typically have a long lifespan, often spend years
in captivity, and are frequently reused in several independent studies during the
course of their lives (Boccia et al. 1995; van Vlissingen 1997; Carlsson et al. 2004).
Captive production and housing of these intelligent and sentient animals for use in
research are associated with close contact with people and some limitations com-
pared to a free-ranging existence in the natural environment. Captive nonhuman
primates are not able to exhibit their full behavioral repertoire and are prevented—
and protected—from interacting freely with animals of other species. Taking control
of the life of nonhuman primates thus obviously poses a moral issue and serious
obligations for those responsible for their housing, care, and management while in
captivity. The moral issue of providing captive nonhuman primates with a sufficient
quality of life increases significantly when the nonhuman primates housed in
captivity are used for research associated with pain, distress, suffering or lasting
harm. However, increasing knowledge of the behavioral needs of nonhuman
primates is reflected in modern guidelines advocating for group housing in large
enclosures with ample foraging possibilities as well as furniture and fixtures
allowing the animals to make full use of the space and flee vertically when fright-
ened, with safe havens to escape unwanted attention from dominant animals, and
enrichment items to expand their behavioral repertoire and engage their cognitive
skills.

Housing and working with nonhuman primates in research environments are
heavily regulated. Older regulations and guidelines were based on what has been
termed a prescriptive “engineering” approach, while newer guidelines take a “per-
formance” approach, which defines the desired outcome, but acknowledges that
multiple methods may achieve that outcome. The performance approach relies on
sound professional judgment and thus personnel competence and thorough organi-
zation of the nonhuman primate care and use program (Bayne 1998). The present
chapter will focus on legislation and guidelines giving specific guidance of relevance
to the behavioral management of nonhuman primates, updating previous reviews of
this topic (e.g., Bayne and Morris 2012; Hau and Bayne 2017).

2 European Framework

Significant harmonization initiatives have been implemented within Europe that
include a regulatory framework aimed at ensuring high quality research animal
welfare. The most important legislations, and legislation-enforced guidelines, are
the European Convention ETS 123 A (1986) and the European Directive (European
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Union (EU) Directive 2010/63/EU), incorporating most of the accommodation and
care guidelines from the European Convention ETS 123 Appendix A. Both these
instruments have been revised within the last decade. According to the Directive’s
Annex, “care covers all aspects of the relationship between animals and man. Its
substance is the sum of material and non-material resources provided by man to
obtain and maintain an animal in a physical and mental state where it suffers least,
and promotes good science. It starts from the moment the animal is intended to be
used in procedures, including breeding or keeping for that purpose.” The Directive
further states that “. . .the use of non-human primates should be permitted only in
those biomedical areas essential for the benefit of human beings, for which no other
alternative replacement methods are yet available. Their use should be permitted
only for basic research, the preservation of the respective non-human primate species
or when the work, including xenotransplantation, is carried out in relation to
potentially life-threatening conditions in humans or in relation to cases having a
substantial impact on a person’s day-to-day functioning, i.e., debilitating
conditions.” In considering the highly sensitive subject of research using great
apes, the Directive states, “The use of great apes, as the closest species to human
beings with the most advanced social and behavioral skills, should be permitted only
for the purposes of research aimed at the preservation of those species and where
action in relation to a life-threatening, debilitating condition endangering human
beings is warranted, and no other species or alternative method would suffice in
order to achieve the aims of the procedure.”

Nonhuman primates are often reused in multiple protocols, and to minimize the
impact on the individual research animal the EU Directive addresses the need to
assess the cumulative impact of the entire experience of the research animal. This
includes a retrospective analysis of the pain and suffering experienced by the animal
after a project is finished. Lifetime experiences of the animals are a challenge to
address qualitatively as well as quantitatively, but publications are beginning to
appear in the literature addressing this complex issue (Honess and Wolfensohn
2010; Wolfensohn et al. 2015). Legislation requires that every nonhuman primate
must have an individual health record containing all medical information, and Hau
and Schapiro (2004) have advocated that health records should include a psychoso-
cial profile listing information on the animal’s housing history, social partners,
dominance rank, compatibility with other animals, etc. When relevant, the file
should include the animal’s response to training and human contact as well as all
of the experimental procedures that the animal has participated in during its lifetime.

The Directive recognizes that capturing nonhuman primates from the wild is both
stressful for, and potentially injurious to, the individual animal and can be impactful
on population conservation. To mitigate these consequences, the Directive stipulates
that only F1 generation nonhuman primates (i.e., offspring of an animal which has
been bred in captivity) or animals sourced from a self-sustaining colony may be used
for research. The Directive encourages moving more exclusively toward the use of
nonhuman primates derived from self-sustaining colonies.

The Directive’s Annex III, which has been transposed into national legislation in
the individual EU member states, lists fairly detailed requirements for the care and
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accommodation of laboratory animals, with species-specific guidelines for nonhu-
man primates. These include sections on health; breeding, and separation from the
mother; enrichment; and handling, including training of the animals. Supplementing
these general considerations for nonhuman primates, Annex III also contains addi-
tional detailed guidelines on the environment and its control; health; housing
enrichment and care; training of personnel; and transport for marmosets and
tamarins, squirrel monkeys, macaques, vervets, and baboons. Access to outdoor
enclosures is important for the welfare of nonhuman primates and the newer
guidelines emphasize this. The Directive contains an entire section on outdoor
enclosures and also states that indoor enclosures, whenever possible, should be
provided with windows, as they are a source of natural light and can provide
environmental enrichment.

Prior to the most recent revision of the Directive, in 2009, the EU requested from
its Scientific Committee on Health Environmental and Emerging Risks (SCHEER)
an opinion on “The need for non-human primates in biomedical research, production
and testing of products and devices.” After the introduction of Directive 2010/63/
EU, the EU Commission requested SCHEER to issue in 2017 an update on its 2009
Scientific Opinion (SCHEER 2017). This update highlighted both the many scien-
tific approaches that could significantly contribute to the replacement, reduction, and
refinement of nonhuman primate studies and tests, but also those issues that go
beyond scientific rationale that prevents widespread adoption and development of
alternatives for nonhuman primate laboratory use, with suggestions on how to
overcome them. Through developing local policies and the mandatory ethics review
process, this Opinion promotes the continuous raising of standards for scientific
justification and animal care and use within the current EU legislative framework.
This (SCHEER 2017) Opinion also recognized that tightening of the existing strict
EU regulations for use of nonhuman primates may lead nonhuman primate research
to transfer to other countries to the detriment of animal welfare. It recommended
international cooperation to promote the international development of high standards
for research and animal welfare and ethical use.

The welfare of nonhuman primates is also considered in circumstances of com-
mercial trade. There are different conditions for commercial trade in primates
depending on whether it is intra-EU trade or imports from outside the EU. For
intra-EU trade, nonhuman primates can only be traded if the conditions set forth in
Chapter II of the Council Directive 92/65/EEC of 13 July 1992 laying down animal
health requirements governing trade in and imports into the Community of animals,
semen, ova, and embryos not subject to animal health requirements laid down in
specific Community rules referred to in Annex A (I) to Directive 90/425/EEC
(Council Directive 92/65/EEC) are met: the premises they are going to are approved
under Article 13 of Council Directive 92/65/EEC; they come from holdings that are
approved by the competent authority in the country of origin; they show no sign of
disease and come from holdings or areas which are not subject to any ban on health
grounds; and they are accompanied by a veterinary certificate corresponding to the
specimen in Part 1 of Annex E to Council Directive 92/65/EEC, completed by the
approved veterinarian of the body, institute, or center of origin. Conditions for
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imports from non-EU countries are that nonhuman primates can only be imported if
the conditions set forth in Chapter III of Council Directive 92/65/EEC are met: the
premises the animals are going to must be approved under Article 13 of Council
Directive 92/65 EEC; primates may have to be accompanied by a Convention on
International Trade in Endangered Species (CITES) export certificate from the
country of origin; they may have to have CITES import certificate from the country
of destination; they must be accompanied by a veterinary certificate corresponding to
the specimen in Part 1 of Annex E of Council Directive 92/65 EEC completed by the
approved veterinarian of the body, institute or center of origin; 24 h prior to export
from country of origin they must have been clinically examined by a veterinarian
authorized by the competent authority in the country of origin; they must enter via a
Border Inspection Post that handles live animals; the importer must ensure that
Common Veterinary Entry Document is raised and part I is completed and returned
to the BIP prior to entry; and if entering the UK they must go to a holding that is
rabies approved and meets the conditions of Council Directive 92/65/EEC. The local
institutional health and safety requirements relating to human contact with nonhu-
man primates are generally harmonized at a top level across the EU (Wood and
Smith 1999). Some EU countries have instituted further oversight on third country
breeding establishments outside the EU, for example the UK (Animal Procedures
Committee 2007).

3 United States

The legal framework for the protection of research animals in the USA is a matrix of
oversight provided primarily by the U.S. Department of Agriculture (USDA) and the
National Institutes of Health (NIH) Office of Laboratory Animal Welfare (OLAW),
though other agencies may play a role (e.g., Food and Drug Administration and
Environmental Protection Agency) supplemented by a nonprofit international
accrediting body (AAALAC International).

3.1 U.S. Department of Agriculture

The USDA is responsible for implementing the Animal Welfare Act, established by
Congress, through the Animal Welfare Act Regulations (AWAR 1991). The Animal
Welfare Act applies to all vertebrate species, as defined by the Secretary of Agricul-
ture, though it excludes mice, rats, and birds used in research. Part 3 (standards) of
the AWAR specifies humane handling, care, treatment, and transportation standards
for several species, including nonhuman primates. Requirements for housing
facilities, primary enclosures (including cage space), husbandry procedures (e.g.,
feeding, watering, sanitation), and care in transit are detailed. The AWARs also
require the provision of environmental enhancement adequate to promote the psy-
chological well-being of primates. Key aspects of enhancement that institutions must
address are: (1) social grouping, (2) environmental enrichment, (3) use of restraint
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devices, and (4) special considerations. Exemptions can be granted for the following
criteria: (1) The attending veterinarian determines that following the plan could
adversely affect the clinical care of primates under medical treatment; this health-
related exemption may remain in effect for a maximum of 30 days and then must be
reviewed again by the attending veterinarian, or (2) The principal investigator
provides a scientific justification that the environmental enhancement program
would interfere with the objectives of the study. The Institutional Animal Care and
Use Committee (IACUC) must approve these exceptions and review them at appro-
priate intervals, but at least annually.

Dealers, exhibitors, and research facilities must develop, document, and follow an
appropriate plan for environmental enhancement adequate to promote the psycho-
logical well-being of nonhuman primates. The NIH’s Behavioral Management of
Nonhuman Primates (Appendix 2 of the Guidelines for General Species Environ-
mental Enrichment, revised 2017) serves as one template plan for designing and
implementing an enrichment program. The plan must be in accordance with cur-
rently accepted professional standards as cited in appropriate professional journals or
reference guides and as directed by the attending veterinarian. At a minimum, the
plan must address the social needs of nonhuman primate species known to exist in
social groups in nature. Individual animals that are vicious, overaggressive, or
debilitated should be individually housed. Nonhuman primates that are suspected
of having a contagious disease must be isolated from healthy animals in the colony
as determined by the attending veterinarian. Group-housed nonhuman primates must
be determined to be compatible in accordance with generally accepted professional
practices and actual observations, as directed by the attending veterinarian. Individ-
ually housed nonhuman primates must be able to see and hear members of their own
or compatible species unless the attending veterinarian determines that this arrange-
ment would endanger their health, safety, or well-being. Primary enclosures must be
enriched by providing the animal the opportunity to express a diversity of species-
typical behaviors. Environmental enrichment devices may include perches, swings,
mirrors, manipulanda, and foraging or task-oriented feeding methods. Interaction
with familiar and knowledgeable personnel is recommended, provided it is consis-
tent with safety precautions. Special attention is required for infant and young
juvenile nonhuman primates, those that exhibit signs of psychological distress,
those entered in IACUC-approved research protocols that require restricted activity,
and individually housed nonhuman primates without sensory contact with nonhu-
man primates of their own or compatible species. Great apes weighing more than
110 lb. (approximately 50 kg) must be provided additional opportunities to express
species-typical behavior.

The AWARs specify that if a nonhuman primate must be maintained in a restraint
device for an IACUC-approved protocol 2, such restraint must be for the minimum
period possible. If the protocol requires more than 12 h of continuous restraint, the
nonhuman primate must be provided the daily opportunity for at least 1 continuous
hour of unrestrained activity, unless the IACUC approves an exception. Such an
exception must be reviewed at least annually. The attending veterinarian may also
exempt an individual nonhuman primate from participation in the environmental
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enhancement plan in consideration of its well-being. However, such an exemption
must be documented and reviewed by the attending veterinarian every 30 days. All
exemptions must be available for review by the USDA and federal funding agencies
upon request and reported in the annual report to the USDA.

The USDA issued a policy manual, currently under review and at the time of this
writing not available online, with the objective of clarifying certain aspects of the
AWARs. Some policies apply specifically to nonhuman primates and must be
considered in the care and use of these animals. For example, Policy #3, “Veterinary
Care” includes a section on the reduction of canine teeth in nonhuman primates and
references the American Veterinary Medical Association’s position statement on the
subject: “. . .The [American Veterinary Medical Association] is opposed to removal
of canine teeth in captive nonhuman primates or exotic and wild (indigenous)
carnivores, except when required for medical treatment or scientific research
approved by an Institutional Animal Care and Use Committee. Reduction of canine
teeth may be necessary to address medical and approved scientific research needs, or
animal or human safety concerns. If reductions expose the pulp cavity, endodontic
procedures must be performed by a qualified person. To minimize bite wounds,
recommended alternatives to dental surgery include behavioral modification, envi-
ronmental enrichment, and changes in group composition.” Policy #7 addresses
group classification of nonhuman primates, which then relates to the cage space
made available to these different primates per the AWAR. Policy #18 addresses the
need for a health certificate when transporting primates. Several other more general
policies also have applicability to nonhuman primates.

3.2 Office of Laboratory Animal Welfare

OLAW oversees the care and use of research animals in U.S. Public Health Service-
funded research (e.g., the National Institutes of Health). OLAW requires US-based
institutions to conform with the U.S. Public Health Service Policy on Humane Care
and Use of Laboratory Animals (2015) and the recommendations of the Guide for
the Care and Use of Laboratory Animals (NRC 2011), several of which are specific
to nonhuman primates, but the majority of which are more general in nature, and thus
are also applicable to numerous other species. Of note, OLAW states in the Fre-
quently Asked Questions located on their website that housing of primates in social
groups or in pairs is the default system, and states that clear medical or scientific
justification is required for any other method of housing: “Exemptions to the social
housing requirement must be based on strong scientific justification approved by the
IACUC or for a specific veterinary or behavioral reason. Lack of appropriate caging
does not constitute an acceptable justification for exemption. When necessary, single
housing of social animals should be limited to the minimum period necessary. When
single housing is necessary, visual, auditory, olfactory, and (depending on the
species) protected tactile contact with compatible conspecifics should be provided,
if possible.” In addition, OLAW sponsored the development and publication of a
series of six booklets “that serve as an introduction to the subject of environmental
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enrichment for primates housed in a diversity of conditions” to assist institutions in
meeting the recommendations of the Guide. These booklets are also available on
their website.

3.3 Specific Controls on the Use of Chimpanzees

The Chimpanzee Health Improvement, Maintenance, and Protection Act, passed in
2000, established a national sanctuary system for federally owned or supported
chimpanzees no longer needed for research. In 2013, the NIH announced its decision
to reduce the use of chimpanzees in research to approximately 50 animals (NIH
2013). However, in 2015, the U.S. Fish and Wildlife Service announced its designa-
tion of captive chimpanzees as endangered. This resulted in a new requirement for
any researcher proposing to use chimpanzees in research to obtain a permit. As no
permits were subsequently sought by the research community, the NIH determined it
would no longer maintain even the 50 chimpanzees they held and would retire them.
However, there was concern that the relocation of the former research animals, many
of whom were elderly or had chronic disease, to a sanctuary could have negative
consequences for the more fragile animals. To address the increasing controversial
question of relocation, the NIH convened a working group to evaluate what retire-
ment location would be best for the animals’ health and welfare. The working group
concluded in a report published in May 2018 that the NIH-owned animals should be
moved to retirement sanctuaries unless relocation was “extremely likely” to jeopar-
dize the animal. Following a 60-day public comment period and review by the NIH,
it was announced that a system of standardized approaches for assessing each
chimpanzee based on health, behavior, social, and environmental requirements
would be implemented. The goal is to transfer the remaining 180 NIH-owned
chimpanzees into sanctuary, unless doing so “would severely or irreversibly accel-
erate deterioration of the chimpanzee’s physical or behavioral health.”

4 Other Countries

4.1 Australia

Animal research in Australia is regulated by the Australian Code of Prac-
tice (National Health and Medical Research Council 2013). The Code establishes
governing principles; provides detailed descriptions of the responsibilities of
institutions and animal ethics committees, as well as investigators and care staff;
and establishes standards for animal care and management. These sections are
designed to be applicable to all laboratory animals. The Code also contains specific
reference to the use of nonhuman primates, noting that here is a requirement for
“particular justification” for activities that may severely compromise primates’ well-
being and for which the tenets of the 3Rs (Russell and Burch 1959) cannot be
applied. It should be noted that state and territory governments have regulatory
responsibility for animal welfare, including that of nonhuman primates. Specific
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guidance for the care and use of nonhuman primates is provided in the “Principles
and guidelines for the care and use of non-human primates for scientific purposes”
(NHMRC 2016). The stated intent of this document is to describe basic principles
and best practice guidance for the care and use of nonhuman primates and assist
Animal Ethics Committees in reviewing applications for working with nonhuman
primates. The funding agency, the National Health and Medical Research Council
requires compliance with this guideline as part of its funding agreement.

4.2 Canada

The Canadian constitution precludes federal legislation pertaining to the use of
animals in research, testing, or education because such use is under provincial
jurisdiction. Eight provinces have established animal protection legislation and/or
regulations that mention animals used in research in their animal protection legisla-
tion, five of which reference the Canadian Council on Animal Care (CCAC)
guidelines and policies (see III.B.2.). The CCAC is an independent organization
that establishes standards and certifies institutions that use animals in science in
Canada. Contractors performing work for the Canadian government are required to
adhere to CCAC guidelines, many of which have general applicability to nonhuman
primates used in research, testing, or education. Specific guidance regarding the care
and use of nonhuman primates is provided in Chapter 20 of the Guide to the Care
and Use of Experimental Animals, Volume 2 (under revision at the time of this
writing).

4.3 China

The Ministry of Science and Technology (MOST) has issued regulations regarding
the care of laboratory animals since 1988. Since that time, and certainly applicable to
nonhuman primate research, is the requirement for adherence to standards pertaining
to husbandry and transportation to promote animal welfare. MOST documents also
reference the 3Rs (Kong and Qin 2010). In 2017, a new “GB” (Guobiao, Chinese for
national standard) was issued, “Laboratory Animals - Codes of Welfare and Ethics”
(currently only available in Chinese). These standards reference adherence to the
3Rs and Five Freedoms and provide details regarding the role of the Ethics Commit-
tee and the veterinarian, require an ethical review of the proposed research, require
attention to humane endpoints and environmental enrichment, describe the impor-
tance of personnel training, and many other aspects of an animal care and use
program. Although the standards are applicable to all laboratory animals, because
China produces and uses a significant number of nonhuman primates (Cyranoski
2016), it is noteworthy that these new standards have national scope and will have a
profound positive impact on the welfare of primates bred and used for research in
China. In addition, a domestic accreditation system has been implemented that is
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based on national standards that encompass many of the same approaches as the
Guide.

4.4 India

The cessation of the export of primates from India occurred in 1978. The Ministry of
Environment, Forests, and Wildlife established the Committee for the Purpose of the
Control and Supervision of Experiment on Animals (CPCSEA) under the 1960
Protection of Cruelty to Animals Act. As primates are regarded from a religious,
cultural, and political aspect in India, there are particular controls on the use of such
larger species, including avoiding prolonged restraint (e.g., chairing), considering
windows in housing areas, social housing, access to a run for “free-ranging
activities,” and accommodating locomotion behavior (CPCSEA 2007). Any project
using primates must first be approved by an Institutional Animal Ethics Committee.
Plans to address the rehabilitation of the primates used in the study are an element of
the protocol approval process.

4.5 Japan

In Japan, animal experimentation is regulated via (1) a number of laws,
(2) amendments to these laws, and (3) ministerial guidelines. The Primate Research
Institute of Kyoto University has issued very detailed guidelines for the care and use
of nonhuman primates, including sections on facility design and equipment (2010).
These guidelines, which are well known and used by Japanese scientists, are in good
agreement with the European and American guidelines and provide useful informa-
tion. Indeed, the Japanese guidelines often provide greater detail than the Western
guidelines. They emphasize the importance of providing a captive environment in
which the animals can perform their species-specific behavioral patterns at an
optimal level, as determined by each individual’s physiological, ecological, and
behavioral characteristics, within a range that does not interfere with the objectives
and methods of research. In sections on environmental enrichment, the guidelines
state that if not all aspects can be improved adequately due to experimental and
environmental limitations, improvement of selected aspects may be able to compen-
sate for the loss of other aspects. For example, if there are necessary limitations to the
social environment, efforts must be made to enrich the physical environments and
increase human contact. This is in good agreement with the Guide, which
emphasizes the importance of supplemental enrichment to compensate for situations
in which an animal has to be singly housed for a period of its life. The Kyoto
guidelines advocate that the animals’ (functional) living space should be as large as
possible, include novelty, manipulatable tools for foraging, and a suitable social
environment. Interestingly, they advocate that if an adequate conspecific social
environment cannot be provided for research reasons, then positive relationships
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with humans will, to some extent, compensate for the lack of conspecific social
interaction.

4.6 Singapore

Singapore’s National Advisory Committee for Laboratory Animal Research
published the Guidelines on the Care and Use of Animals for Scientific Purposes
in 2004 (NACLAR 2004) was adapted from the Australian Code of Practice for the
Care And Use of Animals for Scientific Purposes (National Health and Medical
Research Council, Australia); the Guide to the Care and Use of Experimental
Animals, Volume 1 (2nd Edition) (Canadian Council on Animal Care 1993); the
Good Practice Guide for the Use of Animals in Research, Testing, and Teaching
(Ministry of Agriculture and Forestry/National Animal Ethics Advisory Committee
2010, New Zealand); the Guide for the Care and Use of Laboratory Animals
(National Academies Press, Washington, D.C., USA, 1996); the Public Health
Service Policy on Humane Care and Use of Laboratory Animals (OLAW/NIH,
revised 2015); and the ARENA/OLAW Institutional Animal Care And Use Com-
mittee Guidebook (2002). Appendix III of the NACLAR Guidelines contains spe-
cific recommendations regarding nonhuman primate care and use.

4.7 South America and Africa

To a lesser extent, nonhuman primate research is also being performed in South
America and Africa. Although these continents lack supranational legislation or
guidelines setting out rules for nonhuman primate research, some countries have
implemented legislation that incorporates the 3Rs (Bayne et al. 2015), but informa-
tion specific to nonhuman primates has not been included in legislative frameworks.
An exception to this is the National Museums of Kenya’s Institute of Primate
Research (IPR), located in the Nairobi suburb of Karen. The IPR is perhaps the
best known primate research center in Africa. Primate models, in particular vervet
monkeys and baboons, are used in studies of tropical infectious diseases, human
reproductive disorders, and conservation strategies. Research ethics and animal
welfare issues are taken into account at IPR and according to their webpage “Ethical
and animal welfare concerns form a strong component of the Department’s animal
husbandry and research activities.” Before any experimental procedure is carried
out, review committees evaluate all research proposals for scientific merit and
welfare concerns. Housing conditions at IPR meet European standards. According
to the Directive, nonhuman primates used for scientific research should be captive
bred and reared on site to avoid transport stress, and where possible they should have
access to outdoor enclosures. One of the advantages for the animals housed in
nonhuman primate facilities in source countries, like Kenya, is that it is possible to
house the animals in outdoor, seminatural enclosures in their natural habitat,
preventing the animals from being subjected to long-distance transportation and
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the adjustments necessary to acclimatize to a new climate, and foreign biotic and
abiotic environments (Lambeth et al. 2006). IPR is currently leading a multi-
institutional effort to develop comprehensive guidelines for laboratory animals
used in research and education in this part of the world. IPR has partnered with
the National Council for Science and Technology, Kenya and the Consortium for
National Health Research (a local funding agency for health research) for this task
(Hau et al. 2014).

5 Professional Society Guidelines

The Association of Primate Veterinarians (APV) (http://www.primatevets.org/) is a
professional organization of veterinarians concerned with the health, care, and
welfare of nonhuman primates. Its objectives are: “To promote dissemination of
information relating to the health, care, and welfare of nonhuman primates; to
provide a mechanism by which primate veterinarians may speak collectively on
matters regarding nonhuman primates; and to promote fellowship among primate
veterinarians.” The APV states that scientists, laboratory animal veterinarians,
animal caregivers, and IACUCs/ethical review committees must work together to
fully implement regulatory expectations to provide the most appropriate environ-
ment for captive nonhuman primates. The APV has published a formulary. Also on
their website, the APV has additional relevant guidelines, including Guidelines for
Use of Fluid Regulation in Biomedical Research, Laparoscopic Reproductive
Manipulation of Female Nonhuman Primates Guidelines, Social Housing
Guidelines, Food Restriction Guidelines, Jacket Use Guidelines, and Cranial
Implant Care Guidelines.

The IPS [International Primatological Society] International Guidelines for the
Acquisition, Care, and Breeding of Nonhuman Primates, published as the 2nd
edition in 2007, represent one of the more detailed guidance documents and set of
collated information. Subjects addressed include acquisition, transport, staff train-
ing, health control, staff safety, care, and husbandry that are specific to nonhuman
primates. It serves as a useful source of information, especially where less common
species are used, where national legislation is absent, or local guidance is not
available. The IPS Guidelines are currently available in English, French, Spanish,
Chinese, and Japanese.

The National Center for the 3Rs (NC3Rs) (http://www.nc3rs.org.uk) in the UK is
a publicly and industry funded center to promote the utilization and development of
the 3Rs. The NC3Rs website contains “Resource Hubs” that have information
specific to nonhuman primates, such as blood sampling of marmosets;
accommodations, care, and use guidelines; and chair restraint training. There is
also guidance on the use of chronic implants, refining food, and fluid control and
rehoming. The NC3Rs also supports “advances in nonhuman primate welfare
through. . . research funding schemes, peer review service, and office led data
sharing projects.”
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The Institute for Laboratory Animal Research (ILAR) (http://dels.nas.edu/ilar)
was founded in 1952 under the auspices of the U.S. National Research Council,
National Academies, and a congressionally chartered nongovernmental agency. The
mission of ILAR is to evaluate and disseminate information on issues related to the
scientific, technological, and ethical use of animals and related biological resources
in research, testing, and education. The best-known report of the ILAR is the Guide
for the Care and Use of Animals (NRC 2011). The Guide has been translated into
several languages to facilitate its use as a reference internationally. Other reports that
have applicability to nonhuman primates are: Recognition and Alleviation of Pain in
Laboratory Animals (2009); Recognition and Alleviation of Distress in Laboratory
Animals (2008); Guidelines for the Humane Transportation of Research Animals
(2006); Guidelines for the Care and Use of Mammals in Neuroscience and Behav-
ioral Research (2003a); Occupational Health and Safety in the Care and Use of
Nonhuman Primates (2003b); and The Psychological Well-Being of Nonhuman
Primates (1998).

6 National Primate Societies

The Primate Society of Great Britain (http://www.psgb.org) promotes research in
primate biology, conservation of primate populations and their habitats, and the
welfare of primates. The organization offers grants for the conservation of primates
and for their care in captivity. The organization publishes Primate Eye.

The Primate Society of Japan (PSJ) (https://primate-society.com/en/) with more
than 600 members has as its mission the promotion of the development of primatol-
ogy, organization of an annual meeting, publishing scientific information, primate
conservation, and animal welfare. Primates is the official English language journal
of PSJ while Primate Research is the official Japanese language journal.

The China Laboratory Primates Breeding and Development Association (CLPA)
is a nonprofit and nongovernmental organization established in 1993 (http://clpa.
org.cn). The CLPA is comprised of member companies and centers that conduct
research on improving breeding and rearing of captive primates, as well as breed and
supply animals. The CLPA is under the supervision of MOST and the State Forestry
Administration of China (the capture and sale of wild caught primates are prohibited
by the Chinese government).

6.1 Other National Primate Societies

Professional societies that are specific to nonhuman primates are found in several
other countries. These include the American Society of Primatologists, Australasian
Primate Society, Indonesian Primatological Association, Primate Specialist Group
of Mammalian Society of China, Primatological Society of India, and numerous
societies in Central and South America. Many country-specific primate societies are
affiliated with the International Primatological Society (IPS).
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The Federation of Laboratory Animal Science Associations (FELASA) (http://
www.felasa.eu) represents the common interests of laboratory animal science
associations of nations in Europe; there are currently 17 member associations
representing more than 20 countries. FELASA organizes scientific meetings, issues
policy statements, accredits LAS courses, is considered as the European specialist
body in laboratory animal science by the EU and publishes recommendations and
guidelines by expert working groups in all areas of laboratory animal science.
Specific for nonhuman primates are guidelines on “Sanitary aspects of handling
non-human primates during transport”, and “Recommendations for health monitor-
ing of non-human primate colonies” (http://www.felasa.eu/working-groups).

7 Networks

A range of networks provide useful information and standards for both researchers
and laboratory animal professions.

Primate Info Net (http://pin.primate.wisc.edu) is based at the U.S. Wisconsin
National Primate Research Center. It covers the broad field of primatology with
original and linked resources and through email lists and other resources, Primate
Info Net also supports an informal “primate information network” comprised of
thousands of individuals around the world working with nonhuman primates.

The European Primate Network (EUPRIM-Net) (https://www.euprim-net.eu)
provides specialized infrastructures and procedures for biological and biomedical
research by bringing together the nine European primate centers that combine
research and breeding to form a virtual European Primate Center. Its activities
include defining a health control system for European primate centers, establishing
standard operating procedures for nonhuman primate quarantine and maintenance at
biosafety levels 2 and 3, standardizing procedures in common experiments, and
providing access to tissue, serum, and gene banks. In the context of promoting
animal welfare, the objectives of EUPRIM-Net are “the standardization of
procedures and methods, the enhanced availability of primates, and training for
those working with primates.”

The European Marmoset Research Group (https://cordis.europa.eu/project/id/
HPCF-CT-1999-00223) is a not-for-profit organization established in 1994 to facili-
tate interdisciplinary communication between institutions, both academic and com-
mercial, conducting biological and/or biomedical research with marmosets and
tamarins within Europe and beyond. It organizes workshops, produces publications
on both care and use, and encourages communication between individuals and
institutions.

The Primate Specialist Group (PSG) (http://www.primate-sg.org) of the Interna-
tional Union for Conservation of Nature (IUCN) is a network of scientists and
conservationists focusing primarily on conservation. It is active across tropical
world, working in dozens of nations in Africa, Asia, and Latin America promoting
research on the ecology and conservation of hundreds of primate species. Their
assessments contribute to the IUCN Red List, a comprehensive summary of threats
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to the world’s biodiversity. Beyond these core functions, the PSG produces a journal
or newsletter for each of the four global primate regions—Africa, Asia, Madagascar,
and the Neotropics—as well as a journal, Primate Conservation.

T h e Sou t h A s i a n P r ima t e Ne two r k ( SAPN) ( h t t p : / /www .
southasianprimatenetwork.org) is a component of the IUCN SSC Primate Specialist
Group. South Asia is defined by the SAPN as consisting of Afghanistan, Bhutan,
Bangladesh, India, Maldives, Nepal, Pakistan, and Sri Lanka. Although the focus of
this information/dialogue group is South Asia, all primate researchers are eligible to
join the network.

The Universities Federation for Animal Welfare (UFAW) (http://www.ufaw.
org.uk) is a UK registered charity that works to develop and promote improvements
in the welfare of all animals through scientific and educational activity worldwide. It
has a strong interest in laboratory animal welfare, having commissioned the study
that led to the promulgation of the principles of the 3Rs. It publishes the “The UFAW
Handbook on the Care and Management of Laboratory and Other Research
Animals,” now in its 8th edition (2010), which is widely regarded as one of the
definitive works on practical husbandry, breeding, laboratory procedures, and dis-
ease control for a wide variety of vertebrates from marine fish to nonhuman primates.
It also publishes the journal, “Animal Welfare” and other reports that include
information on nonhuman primates, such as Environmental Enrichment in Captive
Primates: A Survey and Review (Dickie 1994).

8 Conclusion

Over the past 30 years, the way in which we house and care for nonhuman primates,
and the rules and guidelines regulating their housing and care have changed dramat-
ically. In the past, extensive single housing in small, barren, squeeze-back cages,
sometimes in multiple tiers, was the norm, while currently social housing in large
cages/enclosures equipped with furniture, fixtures, and toys is the default. Addition-
ally, attention is now paid to the foraging and locomotor needs of the animals and
management routines have been refined to provide the animals with opportunities to
perform more natural behaviors. Effective behavioral management and educational
programs for animal care staff, as for instance developed and implemented at
American and European nonhuman primate centers—EUPrimNet (https://www.
euprim-net.eu)—have resulted in widespread training programs for the animals,
which now benefit from cognitive stimulation, reduced fearfulness, and the ability
to voluntarily participate in a variety of husbandry, veterinary, and research
procedures.

Captive care of nonhuman primates and behavioral management strategies is
constantly evolving, and new refinements are continually being developed, discov-
ered, and implemented by the forerunners in the field and followed quickly by
nonhuman primate programs all over the world. Improving the ways in which we
care for nonhuman primates will never finish and the next generation of guidelines
will no doubt reflect this continuing process.
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In the interests of medical progress and our responsibilities to future generations,
nonhuman primates will continue to be vital as models for studies of debilitating
diseases. It is thus of utmost importance that the care of the animals needed for this
activity is continuously improved and resources allocated to studies that strive to
ensure optimum physical and mental well-being of the animals in our care.

There is good agreement between the various guidelines (e.g., European, Ameri-
can, Japanese, and Australian), which have been developed and implemented in
recent years. Together, they admirably capture (1) modern trends in housing and care
of nonhuman primates and (2) the importance of a stimulating environment and
training of the animals to lower stress associated with husbandry, veterinary, and
research procedures. Adherence to the excellent guidance in the Directive and the
Guide will ensure that laboratory nonhuman primates are housed and cared for in a
manner that meets and exceeds today’s best practice standards, standards based on
analyses of the complex behavioral needs of nonhuman primates in a captive
environment combined with the requirements of the research projects.
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