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Animal Welfare Series Preface 

Animal welfare is attracting increasing interest worldwide, especially in developed 
countries where the knowledge and resources are available to, at least potentially, 
provide better management systems for farm animals, as well as companion, zoo, 
laboratory and performance animals. The key requirements for adequate food, 
water, a suitable environment, companionship and health are important for animals 
kept for all of these purposes.

There has been increased attention given to animal welfare in the West in recent 
years. This derives largely from the fact that the relentless pursuit of financial reward 
and efficiency, to satisfy market demands, has led to the development of intensive 
animal management systems that challenge the conscience of many consumers in 
this part of the world, particularly in the farm and laboratory animal sectors. 
Livestock are the world’s biggest land users, and the farmed animal population is 
increasing rapidly to meet the needs of an expanding human population. This results 
in a tendency to allocate fewer resources to each animal and to value individual 
animals less, for example in the case of farmed poultry where flocks of over twenty 
thousand birds are not uncommon. In these circumstances, the importance of each 
individual’s welfare is diminished.

In developing countries, human survival is still a daily uncertainty, so that provi-
sion for animal welfare has to be balanced against human welfare. Animal welfare 
is usually a priority only if it supports the output of the animal, be it food, work, 
clothing, sport or companionship. However, in many situations the welfare of ani-
mals is synonymous with the welfare of the humans that look after them, because 
happy, healthy animals will be able to assist humans best in their struggle for sur-
vival. In principle the welfare needs of both humans and animals can be provided 
for, in both developing and developed countries, if resources are properly hus-
banded. In reality, the inequitable division of the world’s riches creates physical and 
psychological poverty for humans and animals alike in many parts of the world.

Increased attention to welfare issues is just as evident for zoo, companion, labo-
ratory, sport and wild animals. Of growing importance is the ethical management of 
breeding programmes, since genetic manipulation is now technically advanced, but 
there is less public tolerance of the breeding of extreme animals if it comes at the 
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expense of animal welfare. The quest for producing novel genotypes has fascinated 
breeders for centuries. Dog and cat breeders have produced a variety of deformities 
that have adverse effects on their welfare, but nowadays the breeders are just as 
active in the laboratory, where the mouse is genetically manipulated with equally 
profound effects.

The intimate connection between animals and humans that was once so essential 
for good animal welfare is rare nowadays, having been superseded by technologi-
cally efficient production systems where animals on farms and in laboratories are 
tended by increasingly few humans in the drive to enhance labour efficiency. With 
today’s busy lifestyles, companion animals too may suffer from reduced contact 
with humans, although their value in providing companionship, particularly for cer-
tain groups such as the elderly, is beginning to be recognised. Animal consumers 
also rarely have any contact with the animals that are kept for their benefit.

In this estranged, efficient world, people struggle to find the moral imperatives to 
determine the level of welfare that they should afford to animals within their charge. 
A few people, and in particular many companion animal owners, strive for what 
they believe to be the highest levels of welfare provision, while others, deliberately 
or through ignorance, keep animals in impoverished conditions in which their health 
and well-being can be extremely poor. Today’s multiple moral codes for animal care 
and use are derived from a broad range of cultural influences, including media 
reports of animal abuse, guidelines on ethical consumption and campaigning and 
lobbying groups.

This series has been designed to contribute towards a culture of respect for ani-
mals and their welfare by producing learned treatises about the provision for the 
welfare of the animal species that are managed and cared for by humans. The early 
species-focused books were not detailed management blueprints; rather they 
described and considered the major welfare concerns, often with reference to the 
behaviour of the wild progenitors of the managed animals. Welfare was specifically 
focused on animals’ needs, concentrating on nutrition, behaviour, reproduction and 
the physical and social environment. Economic effects of animal welfare provision 
were also considered where relevant, as were key areas where further research is 
required.

In this volume the book series again departs from a single species focus to 
address the welfare of marine mammals. Editor Andy Butterworth has drawn from 
his research in this field to gather a large group of authors that consider the topic 
from a variety of angles. Given that this is an emerging science, which hitherto had 
attracted little attention, it is evident from the contributed chapters that there are 
serious welfare issues that should be a focus of immediate attention. Prominent 
among these are the following concerns: impacts of climate change and associated 
habitat destruction on the welfare of polar bears in particular, the growing volume 
of marine debris that damages or kills mammals when they get wrapped in or eat it, 
the harmful effects of ocean noise, causing cetaceans to become stranded, and the 
killing of marine mammals, including seals and otters, for their fur. Much of the 
science is so new that reliable methods of assessing welfare are only just being 
developed, and some are outlined in this book for the first time. The role and hus-
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bandry of marine mammals in captivity in zoos and aquaria is considered, with 
prominence given to the role of polar bears in raising awareness of the plight of this 
species in coping with climate change. The book will undoubtedly become a stan-
dard reference work in this emerging area of animal welfare science, and it is hoped 
that it will stimulate a new determination to address the risks to welfare that are the 
focus of the book.

St. Lucia, QLD, Australia� Clive Phillips 
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Chapter 1
Introduction

Andy Butterworth

Abstract  Do humans really have any responsibility to wild marine mammals? 
Marine mammals in zoos certainly come under the heading of being under human 
control, but, do humans really have any responsibility to the welfare of wild marine 
mammals? The answer to this is, I suspect, ‘it depends’. The marine mammals 
reflect mammalian adaptations to a fully aquatic (cetaceans, sirenia), mostly aquatic 
(seals, sea lions) or semiaquatic (otters, polar bear) life. This is a spectrum of depen-
dency on water - a stranded whale will be in deep distress and likely to die after half 
a day on a beach and out of water; a polar bear may not touch deep water for weeks 
or months, but, on the contrary, it can swim in deep oceanic seas for up to 12 days 
without touching solid ground. The chapters in this book reflect the variation in 
marine mammal adaptation and their responses to human pressures. The chapters 
also reflect the difficulties in discussing wild animal protection, the links between 
conservation and animal welfare, hunting, pollution, by-catch and captivity all 
within the same book cover. There is a profound illogicality to some marine mam-
mal issues - for example - in one part of the world, hundreds or even thousands of 
whales and dolphins are being killed for meat or for use in the entertainment indus-
try in marine parks. In another part of the world, or even in the same country, and 
even on the same coastline, stranded whales or dolphins are attracting crowds of 
people with the good intention to rescue, refloat and rehabilitate these animals. 
Somewhere in this confusing mix of exploitation and protection, conservation and 
consumption, there remains the capacity for humans to identify animal suffering 
and, where it seems expedient or politically or socially appropriate, to act.
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1.1  �Wildly Irresponsible or Responsible for the Wild?

Do humans really have any responsibility to wild marine mammals? Or is ‘wild 
irresponsibility’ a feature of how mankind views wild animals, ‘not in our direct 
control’, therefore not really our responsibility? Marine mammals in zoos certainly 
come under the heading, ‘under man’s control’, but, do humans really have any 
responsibility to the welfare of wild marine mammals? The answer to this is it 
depends. It depends on how direct the linkage is between human impacts and the 
welfare of marine mammals.

Hunting of seals, or whaling, or trapping of otters or boat propeller injuries to 
manatees - these are very direct impacts on these animals - and how the hunting, 
trapping, netting and culling are done, and the methods used, are impacts which can 
be seen to directly affect the welfare of marine mammals when they come into close 
contact with humans.

Less directly, and perhaps less clearly, the effects of human generated noise in 
the ocean, boat traffic, coastal development and interactions with fisheries and the 
effects of warm water outflows from power stations or algal blooms linked with a 
nutrient run off from agriculture are very much human impacts, but they are prob-
ably not ‘intentional’. To catch fish, to travel, to produce electrical power and to 
farm; the impacts on the marine mammals are secondary, not really intended and to 
a degree unanticipated.

The least direct, or, at least, less immediately obvious, links between human 
activity and marine mammal welfare are through effects including climate change, 
pollution in the oceans, marine debris, military sonar, mining and oil exploration, 
and also through the pressure of human populations on food and fish resources and 
human impacts on coastal land, on river drainage to the sea and on coastal plant and 
animal communities on which some marine mammals depend.

So, in answer to the question: can, or should, or do, humans have a responsibility 
for the welfare of marine mammals? ‘It depends on’:

	(a)	 The clarity of the association between man, marine mammals and welfare impacts
	(b)	 The actions and reactions that mankind may be able to take; immediate, local, 

short-term or longer-term, wide ranging and potentially global in implications

The chapters in this book reflect this variation in the types and ‘directness’ of 
the linkages between people’s actions and marine mammal welfare. As well as 
discussing the ‘issues’, the chapters also reflect the enormous differences in 
approachs that are, or will, or could, be required to tackle marine mammal welfare 
issues including ‘marine debris (Chaps. 3, 13)’, ‘marine noise (Chap. 7)’, ‘climate 
change (Chaps. 2, 8, 15, 19, 22, 23, 24, 25)’, ‘pollution (Chaps. 3, 18)’, ‘the welfare 
impacts of captivity (Chaps. 11, 16, 20, 27, 31)’, ‘boat strike (Chaps. 4, 17)’, ‘envi-
ronmental change (Chaps. 10, 14, 19, 24)’, ‘hunting (Chaps. 5, 6, 15, 26, 30)’ and 
‘by-catch (Chap. 4)’.
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1.2  �The Marine Mammals

The marine mammals reflect mammalian adaptations to a fully aquatic (cetaceans, 
sirenia), mostly aquatic (seals, sea lions) or semiaquatic (otters, polar bear) life. This 
is a spectrum of dependency on water - a stranded whale will be in deep distress and 
likely to die after half a day stranded on a beach and out of water; a polar bear may 
not touch deep water for weeks or months, or it can swim continuously in deep oce-
anic seas for up to 12 days without touching solid ground. Some marine mammals 
will be wholly and entirely influenced by the sea (or rivers, estuaries, marshland), 
and so the welfare impacts which most strongly affect these animals will mostly 
reflect human impacts on the marine world: fishing, marine debris, by-catch and 
water pollution. The animals which have a partial dependency on the rivers and 
oceans will be affected by these same human-linked conditions, pollution, debris, 
coastal development and boat strikes, and may also be affected by coastal develop-
ment and loss of coastal habitat. The terrestrially capable marine mammals (seals, 
otters, polar bear) will be influenced by human influences both on the water, and on 
land and ice. The chapters in this book reflect this diversity, and also reflect the fact 
that it is not only water but ice, vegetation and coastal land changes which influence 
marine mammal welfare.

Marine mammals can be divided into:
Cetacea (whales and dolphins, approximately in diminishing order of  

body size)
Rorquals—Balaenopteridae—9 species
Grey whale—Eschrichtiidae—1 species
Right and bowhead whales—Balaenidae—4 species
Pygmy right whale—Cetotheriidae—1 species
Sperm whale—Physeteridae—1 species
Pygmy and dwarf sperm whales—Kogiidae—2 species
Narwhal and beluga—Monodontidae—2 species
Beaked whales—Ziphiidae—21 species
Oceanic dolphins—Delphinidae—38 species
Porpoises—Phocoenidae—7 species
Sirenia (sea cows)
Manatee—Trichechidae—3 species
Dugong—Dugongidae—1 species
Otters—Mustelidae—The 13 extant species are divided into semiaquatic (11 

species) and marine (2 species)
Polar bear—Ursidae—1 species
Pinnipedia (sea lions, walruses, seals)
Eared seals and sea lions—Otariidae—15 species
Walrus—Odobenidae—1 species
True seals—Phocidae—18 species
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1.3  �Welfare, Conservation and the Messy Logic of Human 
Effects on the Welfare of Marine Mammals

Some readers will probably ask ‘what is the difference between conservation and 
animal welfare?’ with the understandable thinking that if animals are conserved, 
then their welfare is probably a secondary concern, but that if they are not con-
served, then welfare becomes irrelevant. Conservation concerns itself with species, 
and the potential for extinction if a species does not survive.

The word ‘welfare’ is variably understood in different parts of the world—many 
languages have their own word for ‘welfare’ as used in the context of animal wel-
fare or well-being: in Spanish, benestar, state of health, prosperity; German, wohl-
befinden, well-being, wellness, physical comfort; and French, bien-être, well-being, 
a sense of well-being. Animal welfare focuses on the individual animal. Marine 
mammals are sentient animals, which have a complex experiential world and mental 
needs and natures; are aware of their own surroundings; have an emotional dimen-
sion; are aware of what is happening to them; have the ability to learn from experi-
ence; are aware of bodily sensations—pain, hunger, heat, cold etc.; are aware of 
their relationships with other animals; have the ability to choose between different 
animals, objects and situations; and have the capacity to suffer.

Historically there has been an understandable focus on negative welfare. However, 
positive experiences and states are now recognised to be (at least) as important as 
negative states in their contribution to overall well-being. Animal welfare concerns 
itself, and tries in some situations, to measure (welfare science) the ‘quality’ of an 
animal’s life. Welfare science and ethical debate can, and does, address animal 
death, as well as animal life, as the ‘quality’ of ‘animal death’ affects the ‘quantity’ 
of animal life and the overall quality of an animal’s life. The animals welfare during 
a marine mammal’s life and at the time of its death and the impacts on the quality of 
life, for example, being entangled for the remainder of your life in a long buoy rope, 
being injured by a boat impact, or your reproductive fitness and health being affected 
by PCBs (polychlorinated biphenyls), are discussed in the chapters of this book.

The welfare of marine mammals is starting to enter the political arena at a high 
level. At its 65th meeting in 2014, the International Whaling Commission (IWC) 
agreed to direct a programme of work to address human activities which can adversely 
affect cetacean welfare, including the welfare concerns that arise when large whales 
become entangled in fishing gear or marine debris, and to work on the methods used 
to euthanise stranded whales and the effectiveness of those methods. Along with some 
of the other authors in this book, I attended the first IWC workshop (May 2016), 
which had a sole focus of considering non-whaling welfare issues (See Chaps. 4, 5, 9).

In 2014, Canada and Norway appealed to the World Trade Organisation (WTO) 
to overturn a European Union (EU) decision to ban trade in seal products. The trade 
in seal products was banned by the EU to protect ‘public morals’, and the science 
they cited indicated that some shot seals took a considerable period of time to die, 
and some injured animals were ‘unchecked’ for periods of several minutes before 
being finally killed by clubbing. The appeal to the WTO from Canada and Norway 
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did not actually challenge the ‘poor welfare outcomes’ of the seals reported by the 
EU; instead, the appeal concentrated on trade issues and claimed unfair restrictions. 
The WTO decided against the appeal, and so trade in seal products derived from 
commercial sealing remains restricted in the EU, based on consideration of welfare 
as part of public moral concerns (see Chap. 15).

Where humankind has an influence, then it seems logical that consideration 
should be given for ways to provide marine mammals the potential to experience a 
life which avoids, as far as is pragmatic, suffering which derives from the hands of 
humans. The term ‘good animal welfare’ probably denotes a state in which there is 
little or no ‘unnecessary suffering’, and ‘good welfare’ is not just the absence of 
cruelty or ‘unnecessary suffering’; it is more complex than that; it includes the phys-
ical and the mental state of the animal, whether the animal can express a range of 
‘normal’ behaviours and whether the animal can fulfil its essential nature or ‘telos’.

‘I suggest that an animal is in a poor state of welfare only when physiological systems are 
disturbed to the point that survival or reproduction is impaired’. 

McGlone

‘Welfare defines the state of an animal as regards its attempts to cope with its environment’.
Fraser and Broom

‘… neither health nor lack of stress nor fitness is necessary and/or sufficient to conclude 
that an animal had good welfare. Welfare is dependent upon what animals feel’. 

Duncan

‘Not only will welfare mean control of pain and suffering, it will also entail nurturing and 
fulfilment of the animals’ nature, which I call telos’. Rollin

For animals kept in captivity, the influence of the captive environment is likely 
to be central to the animals’ experience of life and in this case (as discussed in 
Chaps. 11, 12, 16, 20, 21, 27, 31) the way that the marine mammals are housed, 
cared for, fed, treated when sick, and provided with space, companionship and an 
environment which provides stimulus. These become important factors in welfare 
considerations that extend beyond those which may be considered for wild marine 
mammals.

For many people, a description of an animal having ‘good welfare’ might include 
the animal being ‘well’ (i.e. not unwell) and also that the animal had the potential 
for ‘well-being’—or at least is not subject to high levels of distress or high frequen-
cies of interference. With regard to a state of ‘good welfare’, disease or physiologi-
cal or anatomical damage, injury and trauma would provide potential welfare 
challenges. The term ‘cost of coping’ has been used in relation to welfare, implying 
that emotional distress, pain or increased levels of physiological or disease-related 
challenge would have a ‘cost’ to the animal and that if this cost was great, or in some 
cases excessive, then the animal would be less likely to ‘cope’. Prolonged failure to 
cope would probably result in suffering, and so the link between welfare and cop-
ing, and the cost of a welfare challenges in terms of the ability for the animal to 
cope, and for the animal to continue to express a range of expected or anticipated 
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behaviours would result in challenges resulting in depletion of behavioural resil-
ience in animals which were severely challenged by a welfare insult. We have a 
developing understanding of the complexity of some marine mammal ‘societies’ 
and the importance of certain associations for individual and group welfare and this 
is explored in Chap. 10. Welfare science is now a well-developed discipline (see 
Chaps. 12, 16), with its own language, agreed way of looking at things and, to a 
degree, its own paradigm, and I would like to follow the lead of the RSPCA in the 
UK, by suggesting that practical welfare assessment methods for marine mammals 
would, or could, follow these principles:

	(a)	 Welfare assessment methods for marine mammals should/could be based on 
extrapolation from evidence, experience and knowledge from other species.

	(b)	 Interpretation of welfare states in marine mammals would permit comparison 
with what is considered current ‘good practice’ for the treatment of other (non-
marine mammal) animals.

	(c)	 The way we interpret and try to understand marine mammal welfare issues 
would allow application of ‘reasonable/justifiable anthropomorphism’.

	(d)	 The interpretation of what we see as welfare issues in marine mammals would 
make use of ‘common sense’, i.e. making decisions which seem to show ‘good 
sense’ (as opposed to being ‘nonsense’) when viewed by a general body of 
reasonably informed humankind.

	(e)	 When there are ethical considerations and decisions to be made, a structured, 
agreed framework based approach to consideration of these ethical issues 
should be adopted—to allow cool discussion of sometimes emotionally charged 
issues.

	(f)	 Wherever possible, the application of the ‘precautionary principle’ (‘informed 
prudence’) could/should be adopted so that, when this is possible, the well-
being and welfare of the animals is given weight and importance.

1.4  �A Changing Wild World

The wild is less wild than it used to be across many parts of the globe; human 
influence, powered by oil and gas, electricity, the aeroplane, the car, the gun, air 
and water pollution, can be felt across the entire surface of the planet now—
through the creeping tentacles of human population growth. The United Nations 
(2015) estimate that the global human population will reach 10.1 billion in 
2100. Alongside this population growth, increasingly, the world’s people live in 
cities; Osaka, Karachi, Jakarta, Mumbai, Shanghai, Manila, Seoul, Beijing, 
Mexico City, São Paulo, New York, Lagos, Los Angeles and Cairo each now 
have close to or more than 20 million people. Delhi and Tokyo are forecast to 
reach 40 million people within the next decade. Humans and their cities need 
food and fuel and often spread across coastal land. Human waste is linked with 
climate change, ocean pollution, air pollution and marine debris. Even if 
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population growth slows, humankind and its mark on the planet and its animals 
are already deeply scored into the surface of the earth and will be for a long, 
geologically long, time.

1.5  �Summary

The chapters in this book reflect the difficulties in discussing wild animal protec-
tion, the links between conservation and animal welfare, hunting, pollution, by-
catch and captivity all within the same book cover. There is a profound illogicality 
to some marine mammal issues—for example—in one part of the world, hundreds 
or even thousands of whales and dolphins are being killed for meat or for use in the 
entertainment industry in marine parks. In another part of the world, or even in the 
same country, and even on the same coastline, stranded whales or dolphins are 
attracting crowds of people with the good intention to rescue, refloat and rehabili-
tate these animals. The lack of logic flows into the contrast between animals pro-
tected in the wild in reserves and parks, whilst across international borders, these 
same animals, if they migrate across international boundaries, may be hunted, 
trapped or even considered as a pest species to be culled. ‘You can please some of 
the people all of the time, you can please all of the people some of the time, but you 
can’t please all of the people all of the time’ (John Lydgate, 1370—c. 1451), and the 
chapters of this book are not likely to all be received positively by all readers. 
Somewhere in this confusing mix of exploitation and protection, conservation and 
consumption, there remains the capacity for humans to identify animal suffering 
and where it seems expedient or politically or socially appropriate to act.

Reference
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Chapter 2
Anthropogenic Ocean Change: 
The Consummate Threat to Marine 
Mammal Welfare

Steven C. Amstrup and Flavio Lehner

Abstract  Global warming is the consummate conservation and animal welfare 
challenge of our time. It defies traditional conservation management models and 
requires we broaden traditional cause and effect time horizons. Continually rising 
concentrations of CO2 and other greenhouse gases (GHGs) prolong retention of the 
sun’s energy before it escapes back into space—assuring that global temperatures 
must rise. Oceans have absorbed ~30% of anthropogenically emitted CO2 and over 
90% of the heat trapped by the world’s enhanced greenhouse effect. Sea surface 
temperature and global ocean heat content have been rising accordingly. Along with 
rising temperatures, pH, oxygen saturation, salinity, and other aspects of ocean 
chemistry also are changing. Cumulative interactions among all of these symptoms 
of anthropogenic ocean change are and will continue to impact ocean biota. In this 
chapter, we summarize observed and projected anthropogenically driven ocean 
changes that have been and will continue to compromise marine mammal welfare.

2.1  �Introduction

The action required to address global warming stands the traditional model of conser-
vation on its head. In traditional approaches to conservation, we can build a fence, 
establish a preserve, or hire game wardens, and at the end of the day feel like we have 
protected the welfare of a particular species. But we cannot build a fence to protect 
melting sea ice from rising temperatures. Nor can game wardens halt ocean 
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acidification. These are the ultimate threats to marine mammal welfare, and only united 
societal action can combat these challenges. Yet, many in the scientific and public 
domains continue to be preoccupied with traditional threats, and our focus largely 
remains on near-term uncertainties rather than the longer-term certainties. Consequently, 
the understanding needed to inspire timely action often has been lacking.

Current global warming is caused by human interference with earth’s energy bal-
ance (IPCC 2013). The shortwave radiation coming to earth from the sun ultimately 
must be balanced by the outgoing long-wave radiation emitted, from the earth and 
its atmosphere, back into space (Lutgens and Tarbuck 2004, Chap. 2). Without this, 
the 1.22 × 1017 J of energy earth absorbs from the sun each second would “raise 
earth’s temperature to nearly 800,000 K after a billion years” (Pierrehumbert 2011, 
p. 33). In other words, if the sun’s heat accumulated here and was not reradiated into 
space, earth long ago would have been reduced to a ball of molten rock or hot gas. 
Various “climate forcings” can perturb the balance of incoming and outgoing energy 
(Hansen and Sato 2004). The shading effects of aerosols released into the atmo-
sphere by volcanoes, for example, can provide a temporary negative climate forc-
ing—cooling the earth by reflecting the sun’s energy back into space before it gets 
to the surface. Rising concentrations of CO2 and other GHGs, on the other hand, 
provide a positive climate forcing, trapping ever-increasing amounts of the sun’s 
energy and prolonging retention of that heat before it escapes back into space. 
Simply put, the laws of physics require the world to warm as long as atmospheric 
GHG concentrations rise (Pierrehumbert 2011).

Naturally occurring events, like volcanic eruptions or El Niño, result in short- 
and medium-term variation in climate and weather—with some periods cooler than 
average and some warmer. The important point is that when GHG levels in the 
atmosphere are stable, the average, or “baseline,” around which natural climate fluc-
tuates, can be represented as a level or horizontal line (Fig. 2.1). That level long-
term average allows us to use our experiences of the past to plan future actions—like 
when and where to plant crops and when and how much we will be able to harvest. 
In no small part, agriculture owes its rise and success over the last several thousand 
years to a favorable and stable climate (Rockström et al. 2009). When GHG concen-
trations are steadily increasing, as they are now, the natural variation we always 
have experienced continues, but it occurs over a higher and rising baseline (Fig. 2.1). 
Natural climate fluctuations, that surround the rising average, create uncertainty in 
knowing exactly when particular events will occur. We cannot, for example, confi-
dently predict the first year summer sea ice will disappear from the Arctic, nor when 
surface temperatures in the Mediterranean Sea will have risen 2 °C. But, without 
stopping the increase in GHG concentration, it is certain we ultimately will exceed 
both thresholds. Unlike most predictions, which become less accurate the farther 
out we project, predicting that various global warming-related thresholds will be 
exceeded becomes more certain the farther into the future we look. Society’s chal-
lenge in dealing with anthropogenic climate change is to maintain focus on the 
ultimate certainty—that without stopping GHG rise, we will exceed all of the 
thresholds we care about (Steinacher et al. 2013). The only reason we might wish to 
focus on the near-term uncertainties is if we don’t really care about the world we are 
leaving behind us or for the welfare of future generations.
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2.2  �Anthropogenic Ocean Change

Oceans play a critical role in the earth’s response to rising atmospheric concentra-
tions of GHGs. About 30% of the CO2 released by human activity has gone into the 
oceans, and, 93% of the extra solar energy captured by our enhanced greenhouse 
effect, has been trapped as heat by the oceans of the world (Hoegh-Guldberg et al. 
2014). Climate change can be thought of as the cast of symptoms caused by the 
anthropogenic changes to the composition of Earth’s atmosphere. In the oceans, 
these symptoms are many and complex. Anthropogenic ocean change includes ris-
ing temperatures, altered circulation patterns and temperature stratification, and 
numerous changes in ocean chemistry. In turn, all of these ocean changes influence 
the welfare of marine mammals and the other species upon which they depend.

Subsequent chapters will cover details of how ocean changes affect the welfare of 
individual species or groups of marine mammals. Here, we focus on four well-documented 
ocean changes the cumulative effects of which will have increasing influence on the 
welfare of marine mammals and other ocean biota. We review the observational record 
of changes already documented. We project future oceanic conditions with which marine 
mammals will be forced to contend, and compare them to present conditions. Finally, we 
provide examples of ways in which ocean changes may affect marine mammal welfare.

2.3  �Temperature Effects

Sea surface temperatures (SSTs), which have been increasing at least since the mid-
dle of the twentieth century (Hoegh-Guldberg et al. 2014), may provide the most 
readily observed oceanic impact of the anthropogenically enhanced greenhouse 
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Fig. 2.1  Conceptual diagram of the impact of ever-rising atmospheric GHG concentrations. With 
GHG levels stable, the average of natural climate fluctuations is a level line. But with chronically rising 
GHG levels, average temperatures must rise. Despite the chaotic and unpredictable nature of natural 
variations, it always will be warmer than it would have been without the higher GHG concentrations
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effect. Riser et al. (2016) compared data from the HMS Challenger expedition with 
data collected by the recently deployed and widespread array of Argo profilers. 
They reported a nearly 0.6 °C increase in near-surface ocean average temperature 
during this 135-year period. The upward trajectory of SSTs follows the positive 
trend in surface air temperatures. SSTs, however, show less seasonal and interan-
nual variation than air temperatures, which can respond more rapidly to short-term 
fluctuations in the climate system (Wijffels et al. 2016).

Ongoing temperature increase is further smoothed at depths below the ocean’s 
surface (Fig. 2.2). Averaged over the top 2000 m of ocean depth, data from the Argo 
profiler array show a steady rise in ocean heat content during the last 10 years and 
provide a measure of the earth’s growing energy imbalance (Wijffels et al. 2016). 
The warming of the ocean appears to have recently hastened. Wijffels et al. (2016) 
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Fig. 2.2  Ocean warming rates excerpted from Fig. 1 in Wijffels et al. 2016. (a) Globally averaged 
surface temperature anomaly (STA, °C), from 5  m Argo temperature (red), NOAA (National 
Oceanic and Atmospheric Administration) global ocean (turquoise), and a 6-month running mean 
of NOAA (NOAA 2015) global land averages (grey). (b) Global ocean 0–2000 m heat content 
anomaly. Line plots in b are two interpolation methods and a robust linear fit
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calculated the rate of near-surface warming at approximately 0.2  °C per decade. 
Gleckler et al. (2016) estimated the total ocean heat uptake since the 1870s has been 
33 (±14) × 1022 J and calculated that approximately half of that increase occurred 
after 1997.

Ocean temperatures are expected to continue to rise, reflecting the guaranteed 
heating of the earth from increases in anthropogenically emitted GHGs. Figure 2.3 
illustrates projected centennial sea surface warming for two different futures. 
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Fig. 2.3  Sea surface temperature (SST) maps showing the projected warming of the world’s ocean 
between now and the end of this century under two greenhouse gas emissions scenarios or repre-
sentative concentration pathways (RCPs). RCP 2.6 represents aggressive mitigation of emissions 
leading to <2 °C atmospheric warming through this century. RCP 8.5 represents a continuing path 
of unabated emissions and ~5 °C atmospheric warming. Climate model data used in Figs. 2.3–2.7 
are taken from the CMIP5 archive (Taylor et al. 2012, BAMS). The number of different models 
used to form each multi-model mean map is given in the bottom right corner of each map
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These are based on so-called Representative Concentration Pathways (RCPs), 
which provide possible future trajectories of GHG emissions and concentrations. 
Each RCP is tied into a coherent socioeconomic story line (Wayne 2013). Based on 
these GHG pathways, climate models then calculate to what extent GHG concen-
trations perturb earth’s energy balance and what implications this forcing has for 
temperature and other climate variables. RCPs therefore provide a range of stan-
dardized inputs into modeling efforts around the world, focused on studying the 
effects of a range of future emissions choices dependent upon societal decisions. 
Here, we focus on two pathways, RCP 8.5, which assumes continuation of the 
GHG emissions path that world societies have been following, and RCP 2.6, which 
assumes dramatically mitigated emissions. Following RCP 2.6 would likely limit 
annual global mean air temperature increase to <2 °C above preindustrial levels by 
the end of the century, and it would allow mean air temperature to decline slightly 
thereafter. In contrast, if we continue to follow RCP 8.5, annual mean temperature 
increases are projected to reach 5  °C by the end of this century (Wayne 2013). 
Following our current path of unabated GHG rise (RCP 8.5) also would mean 
annual temperatures over the world’s ocean surface are likely to increase by 2.4 °C 
between now and the end of this century. Average temperatures in some regions 
will be far higher, but few areas will warm less than 0.5 °C (Fig. 2.3). Rahmstorf 
et al. (2015) reported that the subpolar North Atlantic is one of the very few areas 
of the world to have cooled in recent decades. This apparently is due to a slowing 
of the Atlantic Ocean overturning currents that brings warm surface water into the 
region. This slowdown is possibly triggered by increased buoyancy due to warm-
ing and freshening (e.g., by meltwater from the Greenland ice sheet) of surface 
waters. If we maintain business-as-usual emissions (RCP 8.5), ocean cooling in the 
North Atlantic will be overwhelmed by this century’s end, as a result of the warm-
ing of the atmosphere above, but warming there still will be less than most other 
areas of the ocean.

In contrast to continuing along the RCP 8.5 emissions pathway, following RCP 
2.6 would take ocean temperatures on a far cooler path, with end-of-century SST 
increasing only 0.6 °C. That is, average SST warming on our current path will be 
four times what it could be if society adopted the RCP 2.6 pathway. Committing to 
the RCP 2.6 mitigation scenario would also minimize stratification of the upper 
ocean. The Bering Sea is on the other end of the temperature trend spectrum from 
the North Atlantic. Currently among the most productive seas of the world, the 
Bering Sea is projected to warm more than most other regions regardless of which 
emissions path we take (Figs. 2.3 and 2.4). Such warming is sure to impact the wel-
fare of marine mammals and other marine biota.

Perhaps as important as the rise in annual average temperatures is the range of 
extremes that will be experienced. In some areas, like the Arabian Sea where SSTs 
historically have fluctuated little, seasonal and interannual variation is expected to 
continue to be small. In other geographic regions, seasonal or single year natural 
fluctuations will result in temporary periods during which high temperatures are 
well above the long-term mean trends. In the Bering Sea, for example, under RCP 
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8.5, future annual mean temperatures are projected to be 4 °C warmer than at pres-
ent, while an individual year might be 6 °C warmer than present norms (Fig. 2.4). 
Recent observations illustrate how seasonal and annual temperature extremes, on 
top of already warmer average conditions, could have major impacts on biota. In 
early 2016, unusually high, in historic terms, surface water temperatures caused 
coral bleaching across 93% of the Australian Great Barrier Reef. Investigators con-
cluded that reaching those high water temperatures would have been nearly 
impossible without the chronic warming associated with rising GHG concentrations 
(King et al. 2016).
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Fig. 2.4  Distribution of observed and projected sea surface temperature anomalies for four dispa-
rate oceanic regions. Frequency of occurrence (%) expressed as kernel-smoothed histograms of the 
distribution of sea surface temperature from each 30-year period. Note the different y-axis scale for 
the Arabian Sea, a tropical basin with little interannual variability in temperature. The climate 
models, emissions scenarios, and time periods used are the same as in Fig. 2.3
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Regardless of societal actions, the world’s oceans will continue to warm through 
the century. Even with the aggressive mitigation required to follow the RCP 2.6 
emissions pathway, sea surface warming during the next 85 years will match or 
exceed the reported 0.6 °C surface warming (Riser et al. 2016) of the past 135 years. 
Because it tracks SST (Wijffels et al. 2016), we expect global ocean heat content to 
continue to rise as well, meaning all ocean depths will be warming. Indeed, 
Mathesius et al. (2015) showed that even after a complete removal of all anthropo-
genic CO2 from the atmosphere, it will take several hundred years for SSTs to return 
to preindustrial levels. As with terrestrial regions, continuing on our present GHG 
emissions path will mean a largely unrecognizable ocean world by this century’s 
end (Figs. 2.3 and 2.4). For example, the average SST increase of over 4 °C, with 
some years as much as 6 °C warmer than the current mean, projected under RCP 
8.5, would totally transform the Bering Sea. Figures 2.3 and 2.4 also emphasize that 
the rate at which ocean temperatures continue to rise, will be highly dependent on 
the mitigation pathway society chooses to adopt.

2.4  �Changes in Salinity

Secondary effects of climate change include altered precipitation and circulation 
patterns. These changes have a direct bearing on ocean chemistry, including salinity 
patterns. Salinity patterns, in turn, influence stratification of water masses and vary 
regionally (Hoegh-Guldberg et al. 2014). Rising temperatures affect both evapora-
tion and rainfall and will further alter salinity patterns. The observed salinity pattern 
has been amplifying at a rate of 16% °C−1 over the last roughly 50 years (Durack 
et al. 2012). This pattern of amplification reveals the clear fingerprint of an intensi-
fying hydrological cycle, which in turn, tends to make dry regions drier and wet 
regions wetter (Held and Soden 2006). In oceans, this has led to enhancement of 
historic salinity patterns, with evaporation-dominated midlatitudes becoming more 
saline, while relatively fresh surface waters in rainfall-dominated tropical regions 
and polar regions have become fresher (Durack et al. 2012). We can anticipate even 
more dramatic exaggeration of ocean salinity patterns in the future. Much of the 
surface area of the Atlantic Ocean and large swaths in the southern Pacific are 
expected to become much more saline by the end of the century, while most of the 
Pacific Ocean and high-latitude areas will freshen (Fig. 2.5). The contrast between 
profound freshening in the North Atlantic and Arctic Ocean and salinity increases in 
most of the rest of the Atlantic will undoubtedly have major ramifications for biota. 
Also, because models historically have underestimated the observed rate of salinity 
changes (Durack et al. 2012), the scale and regional contrasts of future salinity pat-
terns may be far greater than shown in Fig. 2.5. If society adopts an emissions path-
way similar to RCP 2.6, globally averaged freshening of surface waters would only 
be 1/3 of what it would be under RCP 8.5.
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2.5  �Changes in Oxygen Concentrations

The mean dissolved oxygen concentration in global oceans currently is 
~162 μmol kg−1 (~162 mmol m−3). This concentration varies widely among oceanic 
regions, with some Antarctic waters supersaturated at over 500 μmol kg−1, while 
some coastal sediments and deep layers in the Black Sea and Cariaco Basin are 
essentially depleted of oxygen (Pörtner et al. 2014). Warmer water holds less oxy-
gen and oceans globally are projected to see dramatic declines in oxygen content 

RCP 8.5

RCP 2.6

23

23

–2 –1.5 –1 –0.5 0 0.5

SSS difference [g/kg]

SSS difference 2070-2099 minus 1985-2014

Fig. 2.5  As Fig. 2.3, but for sea surface salinity (SSS). Most of the ocean surface is projected to 
freshen as a consequence of an intensifying hydrological cycle and changes in ocean currents. 
Increased freshwater runoff from the melting of large ice sheets is typically not yet included in 
these climate models and would lead to additional discharge of freshwater (also contributing to sea 
level rise)
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regardless of our emissions path (Fig. 2.6). As global ocean oxygenation declines, 
regional contrasts also will be enhanced. The highly productive waters of the North 
Pacific, Bering, and Barents seas will see strong declines in oxygen available in the 
water column, while the subpolar North Atlantic and Antarctic seas will continue to 
become oxygen enriched.

The mean surface ocean oxygen concentration, between now and the end of 
the century, is projected to decline by 3.7% if we continue along the RCP 8.5 
emissions path. On top of general declines in oxygen content with rising tem-
peratures, increased stratification and other factors are expected to expand near 
shore and pelagic hypoxic zones. Oxygen concentrations below 60 μM kg−1 are 
lethal to >50% of benthos. These hypoxic areas currently include ~5% of global 

O2 difference 2070-2099 minus 1985-2014

RCP 8.5

RCP 2.6
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Fig. 2.6  As Fig. 2.3, but for oxygen (O2) concentration at the ocean surface. As climate change 
leads to a warmer and more stratified ocean, O2 concentrations will decline almost everywhere. O2 
reductions are also expected below the surface, leading to an expansion of so-called oxygen mini-
mum zones, where O2 concentrations are too low for most aerobic biota
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ocean volume (Deutsch et al. 2011). As surface layers warm, and in some areas 
become less saline, stratification can enhance hypoxic conditions (Deutsch et al. 
2011). Assuming we continue to follow RCP 8.5, Bopp et al. (2013) projected up 
to 30% increase in suboxic (low oxygen carrying) waters by 2100 as a result of 
various global warming influences on ocean water structure and chemistry. 
Following RCP 2.6 through the century, however, mean global oxygen concentra-
tions would decline by only 1% from present values, with far less drastic regional 
gradients (Fig. 2.6).

2.6  �Changes in Ocean Acidity

Atmospheric concentrations of carbon dioxide (CO2) have been rising, and ~30% of 
anthropogenically derived CO2 has been absorbed by the ocean (Hoegh-Guldberg 
et al. 2014). Rising concentrations of CO2 increase carbonic acid concentrations and 
acidify the ocean. Globally, the surface ocean pH declined 0.1 points (from 8.25 to 
8.14) between 1751 and 2004 (Jacobson 2005). The current ocean pH ranges from 
7.8 to 8.4 (Pörtner et  al. 2014) and has been decreasing at a rate of −0.0013 to 
−0.0024 pH units per year (Pörtner et al. 2014). The observed ocean acidification 
(OA) rate varies greatly on a regional basis and, for example, is 50% greater in the 
northern Atlantic than the subtropical Atlantic (Olafsson et al. 2009). Reduced 
salinities due to freshwater from ice melt or precipitation can exacerbate OA by 
reducing availability of buffers occurring in more saline waters (Jacobs and Giulivi 
2010; Vélez-Belchí et al. 2010). OA also is more severe in cold regions, which have 
a higher sea-air flux rate for CO2, and because cold waters have a lower buffer 
capacity than warmer waters, although, both factors can vary greatly on a seasonal 
basis (Olafsson et al. 2009). If we continue to follow our current emissions pathway 
(RCP 8.5), mean surface ocean pH is projected to decline by ~0.28, from the present 
global mean of 8.08 to 7.80. This 3.5% decline in less than a century dwarfs the rate 
of pH decline Jacobson (2005) reported for the previous 250 years. Observed 
regional gradients also will be further enhanced (Fig. 2.7), with ramifications for 
large segments of ocean biota.

Of all the changing ocean chemistries, the CO2 impact may be most significant. 
Higher aqueous CO2 concentrations result in decreased carbonate ion concentrations 
and make it more difficult for marine organisms to form biogenic calcium carbonate 
(CaCO3). Increasing solubility of the forms of calcium carbonate (calcite, magnesium 
calcite, and aragonite) that are critical components of marine organisms’ shells and 
skeletons has important ramifications for ocean biota (Orr et  al. 2005). Numerous 
studies have attempted to evaluate impact of various levels of OA on oceanic biota. 
Olafsson et al. (2009) concluded, as a result of ongoing OA, aragonite solubility has 
increased. Large areas of benthos that historically lived in an environment where ara-
gonite was supersaturated, are becoming undersaturated. Controlled measurements of 
the impact of that undersaturation, however, are still needed. Hoegh-Guldberg et al. 
(2014) and Pörtner et  al. (2014) provide extensive examples of the complications 
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involved in such assessments, reporting a mixture of effects. Some species appeared 
unaffected by observed or experimental levels of OA, some showed negative impacts, 
and some appeared to benefit. In the long run, however, if OA continues, negative 
impacts on marine calcifiers are expected to dominate. Ridgwell and Schmidt (2010) 
calculated that we currently are on an OA path unmatched in the last 65 million years 
and that impacts on marine calcifiers are likely to be severe. Our projections (Fig. 2.7) 
make it clear that overall pH declines will be exacerbated at higher latitudes, and Orr 
et al. (2005) projected that detrimental effects, in those cooler, less buffered, regions, 
could be noticeable within decades. As with the other variables we have examined, the 
benefits of GHG mitigation are clear. Following RCP 2.6 would result in only 0.06 

pH difference 2070-2099 minus 1985-2014

RCP 8.5

RCP 2.6

12

12

−0.35

pH difference

0−0.3 −0.25 −0.2 −0.15 −0.1 −0.05

Fig. 2.7  As Fig. 2.3, but for pH at the ocean surface. The lower the pH, the more acidic the water. 
The projected decrease of pH in all basins is a direct consequence of the increased uptake of CO2 
by the ocean. Indeed, this is one of the most robust features of climate change, as it is a well-
understood chemical process. Note that the seemingly small change under emissions scenario RCP 
2.6 in fact already constitutes a significant stress for some calcifying ocean organisms
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(0.76%) decline in global ocean pH, with much less amplification of regional gradi-
ents (Fig.  2.7). The potential for dramatically lowered pH to have major negative 
impacts on ocean productivity, and the ability of society to avoid the most profound 
declines, provide strong incentive to mitigate GHG rise.

2.7  �Cumulative Effects

As with pH, biological ramifications of change in temperature, oxygen concentra-
tion, and salinity are individually varied and complicated and are yet to be fully 
understood. A full understanding of all of the complications, however, is not neces-
sary to hypothesize a future negative trend for ocean biota. On our current emis-
sions path, oceans will be profoundly different places than they are today. The 
cumulative effects of end-of-century pH decreases, along with anticipated reduc-
tions in oxygenation, changes in salinity, and warmer temperatures, are most likely 
to be negative with regard to forms of ocean life that we value and to which we 
have become accustomed (Hoegh-Guldberg et al. 2014; Pörtner et al. 2014). Bopp 
et al. (2013) summarized these ongoing ocean changes and projected they would 
result in an ~8% decline in ocean net primary productivity by 2100, if we continue 
to follow current emissions pathways. However, changes in all of the parameters 
we examined would be far less severe if society were to adopt significant and sus-
tained emissions reductions. Bopp et al. (2013) estimated that following the RCP 
2.6 path would mean only a ~2% decline in net primary productivity by the end of 
the century.

2.8  �Impacts on Marine Mammals

Because subsequent chapters will describe examples of observed and expected 
impacts on individual marine mammal species, or groups of species, we provide 
only a few examples here. It is clear, however, that the anthropogenic ocean 
changes described in previous sections can affect marine mammal welfare in 
multiple ways. Most impacts on marine mammals will likely reflect biological 
productivity and food availability as mediated by changing temperatures, ocean 
structure, and productivity. We cannot, however, rule out more direct impacts of 
rising temperatures, especially in regions where the greatest water temperature 
rise is projected. The observed distribution of marine mammal pursuit predators 
may be a harbinger of direct effects of rising temperature. Because fish are ecto-
therms and can swim faster at warmer temperatures, ocean warming could 
increase energetic costs of underwater pursuits for marine mammals. Cairns 
et al. (2008) concluded that marine mammal (and bird) predators are limited, by 
the metabolic expense of pursuit, to waters cooler than ~20  °C.  Similarly, 
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McIntyre et  al. (2011) noted that southern elephant seals (Mirounga leonina) 
consistently dove deeper and stayed down longer in areas where waters were 
warmer. Early impacts of warming on marine mammals may therefore include 
range contractions to higher latitudes, as well as altered and presumably less 
efficient vertical stratification of foraging efforts.

Polar bears (Ursus maritimus) are largely restricted to catching their seal prey 
from the surface of the sea ice (Amstrup 2003), and there is a linear relationship 
between sea ice extent and global mean temperature (Amstrup et  al. 2010). 
Declining availability of sea ice has been linked to reduced body condition, sur-
vival, and population size (Rode et al. 2010; Regehr et al. 2007). Although some 
species may respond positively to changes in Arctic marine productivity as sea ice 
cover is reduced (Crawford et al. 2015), polar bears will not have access to that 
productivity without the sea ice platform. And, given ongoing ocean changes, any 
improvements in productivity are likely to be only temporary. Also, polar bears are 
not likely to compensate for lost sea ice access by taking advantage of terrestrial 
food sources (Rode et  al. 2015). Their dependence on the surface of the ice for 
catching prey, therefore, translates into a direct relationship between rising tem-
peratures and polar bear food availability, regardless of potential changes in marine 
productivity.

Marine mammals that are tied to specific haul-out sites or rookeries could 
encounter higher foraging costs if altered prey distributions require longer foraging 
trips (Péron et al. 2012; Hazen et al. 2013). On the other hand, if prey distributions 
become constrained by thermal stratification or hypoxic zones, marine mammal 
foraging may, temporarily be enhanced by localized concentrations of prey (Hazen 
et al. 2009). Sea level rise (from thermal expansion and freshwater ice melt—direct 
consequences of rising temperatures), combined with altered prey availability, will, 
in the long run, negatively affect most species with high fidelity to specific locales 
(e.g., haul-out sites and rookeries).

Warming of ice-covered waters will alter species distributions, which could 
make alternate prey available but also could increase competition and even intro-
duce new predation risks for high-latitude species adapted to ice-covered seas. 
Moore and Huntington (2009) hypothesized that subarctic cetaceans will move 
north as sea ice extent declines and open water seasons lengthen. As a result of 
recent declines in the spatial and temporal extent of sea ice in Hudson Bay and 
Hudson Strait, killer whale (Orcinus orca) sightings in Hudson Bay are on the 
increase (Oosthoek 2012), exposing resident marine mammals (and their prey) to a 
new predation risk. Polar bears in the Davis Strait region of Eastern Canada main-
tained high numbers into the early 2000s despite declining sea ice availability. 
There, polar bears appear to have offset some of their dependence on ringed seals 
(Phoca hispida), which themselves depend on relatively solid ice cover, with harp 
seals (Pagophilus groenlandicus) which prefer a more broken ice edge habitat. This 
may reflect a shift of harp seal distribution in response to northerly movement of the 
sea ice conditions they require for whelping (Peacock et al. 2013). Also it is likely 
to be a temporary condition with the harp seals following remaining ice as it contin-
ues a northerly retreat.
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2.9  �Conclusions

Here, we have examined ongoing ocean changes that will profoundly affect the 
future welfare of marine mammals and the marine environments that support them. 
We increasingly are aware of how climate change already has altered environments 
on land and at sea, with cascading impacts on welfare of the animals those environ-
ments support. Different climate models, as well as different simulations from the 
same model, provide a number of possible futures for any given GHG path society 
may take. It is important to recognize that although models project a wide range of 
possible future paths, we will get to realize only one path in real life. If we are lucky, 
our actual realization may be similar to models on the low end of the projected 
severity scale. All model outcomes, however, that do not include a halt to the 
increase in atmospheric GHG concentrations, predict a future ocean system that will 
be continually changing in unfavorable ways. As long as GHG concentrations 
increase, we will not see stability return to ocean temperatures, sea ice extent, oxy-
gen concentrations, or pH, and marine mammals as well as other ocean biota will 
continually struggle to keep pace with an environment changing faster than it has in 
millennia. In other words, there will be no sustainable future—ocean biota and 
human lives depending on it, always, will be shooting at a moving target.

Although we can point to specific examples of marine mammal response to indi-
vidual climate drivers, the ultimate threat anthropogenic ocean change poses for 
marine mammal welfare will be changes in their supporting food web caused by the 
cumulative effects of changing ocean temperature and chemistry. As a result of ris-
ing temperatures, lowered pH, and reduced oxygen concentration, Bopp et  al. 
(2013) projected strong declines in global ocean net primary productivity through 
this century. Because these negative trends will persist over multi-centennial time 
frames (Mathesius et al. 2015), the impact of anthropogenic ocean change must be 
recognized as the consummate challenge to future welfare of all marine mammals 
and the ocean habitats supporting them.

The good news is that the most significant contributor to future uncertainty is in 
our hands. We cannot control the natural variation in the climate system (Fig. 2.1). 
We can, however, control the slope of the rising baseline. We can choose to keep our 
climate in “runaway” mode, we can choose a more gradual slope, or ideally we can 
choose a path (like RCP 2.6) that stops the rise in GHG emissions and bends our 
current upward slope to a new level baseline. Following RCP 2.6 rather than RCP 
8.5 would mean less than one quarter of the global ocean SST increase toward 
which we are now heading. It also would result in one third of the change in ocean 
salinity, one quarter of the pH decline, and less than one third of the decline in ocean 
oxygenation. In other words, we could avoid the worst of oceanic changes that 
future global warming has to offer. Perhaps most importantly, following RCP 2.6 
does not just reduce near-term impacts. On multi-centennial time scales, tempera-
tures, pH, and oxygen saturation will stabilize on the RCP 2.6 emissions scenario 
(Mathesius et al. (2015); (Fig. 2.8)). But the urgency of action cannot be overstated. 
Procrastination now will assure catastrophe later. If society waits to address 
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emissions challenges until the summer sea ice disappears, or other thresholds criti-
cal to marine mammals are exceeded, it is unlikely policy makers will have time or 
resources to think about, or prioritize, the welfare of marine mammals. By then, 
food and water shortages, refugee crises, and other human welfare challenges may 
trump all conservation concerns. Our current path clearly is not in the best interest 
of marine mammal welfare. We can assure a better future for marine mammals and 
the rest of us, but, time is of the essence!
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Chapter 3
Of Poisons and Plastics: An Overview 
of the Latest Pollution Issues Affecting  
Marine Mammals

Mark Peter Simmonds

Abstract  Persistent organic pollutants were recognised decades ago as significant 
threats to wildlife including marine mammals. Efforts to control certain pesticides 
and polychlorinated biphenyls (PCBs) and associated successful declines in envi-
ronmental loadings followed. However, it has very recently become apparent that 
PCBs continue to pose a significant threat. This is especially the case for certain 
cetacean populations in Europe which now seem to be heading towards extinction 
because of PCBs-induced reproductive failure. The effects of such pollution on 
marine mammal health are a significant welfare concern, and urgent efforts to stem 
any further movement of PCBs into the oceans are now required. In addition, marine 
debris is a fast-growing threat to marine wildlife, bringing with it severe welfare 
concerns for some marine mammal populations. This is only set to get worse as 
more discarded plastics enter the oceans; again urgent action is advocated.

3.1  �Enter the POPs

We live in a time when there are profound fears for the long-term survival of the 
human race. Given what we now expect from climate change, this concern is cer-
tainly well founded. However, it is only one horseman of what might be termed our 
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modern apocalypse.1 The ongoing, precipitous and accelerating loss of biodiversity 
is another profound threat both to animal life and potentially ultimately to humans 
too, and pollution appears to be a primary driver for this.

Pollution comes in many forms, even including energy in the form of marine 
noise, but is more usually recognised in the shape of oil spills, sewage, radioactive 
substances and agricultural and industrial wastes. Oil spills in particular are highly 
visible environmental assaults and capture the public eye—and it is probably worth 
at least noting here the latest evidence that shows that there can be long-term effects 
of oil spills on marine mammals (e.g. Colegrove et al. 2016). However, the focus of 
this chapter is the invisible and insidious threat posed by certain xenobiotics (sub-
stances that do not naturally occur), starting with the persistent organic pollutants 
(POPs). In the late 1980s, these were the focus of my work when I was part of the 
Greenpeace International Science Unit, based at Queen Mary College in London. 
Much of our work concerned investigating and highlighting the threats from the 
POPs, and, at that time, Greenpeace and other organisations ran campaigns focused 
on controlling this group of toxic compounds which included many pesticides, such 
as dichlorodiphenyltrichloroethane (DDT), and the industrial compounds known as 
the PCBs (polychlorinated biphenyls).

DDT first came into use in 1939. It was cheap and widely used in Europe after 
World War II to eradicate fleas (which carried the disease typhus) and in Asia against 
the mosquito vectors of malaria (Parsons et al. 2013). By the 1960s, DDT could be 
found throughout the marine environment and even in the bodies of Antarctic wild-
life. DDT was the threat that inspired Rachel Carson to write Silent Spring (Carson 
1962), a ground-breaking book helped to bring about a ban on DDT in her native 
USA and encouraged an eventual ban in most countries by the 1970s. Her main 
theme was that DDT was not targeted in its impacts and severely affected many 
nontarget species.

The PCBs have a similar history, although they were never used as pesticides. 
Instead they were used in many other processes, including in electrical transformers 
and capacitors, as flame retardants and as additives in various construction and 
packaging materials (Parsons et al. 2013). Bans came into place from the late 1970s 
but, by then, much of the world production (some 1.5 million tonnes) had already 
made its way into the oceans. DDT and the PCBs are that part of the POP ‘family’ 
known as organochlorines, organic compounds with chlorine atoms attached. The 
principle problems that they present are that they are immunosuppressive—causing 
animals and people to be more susceptible to disease—and that they can also act as 
hormone mimics, leading to reproductive abnormalities (Reijnders 1996; Parsons 
et al. 2013; Jepson and Law 2016). They are also fat soluble and so tend to accumu-
late in the ample fatty tissues of marine mammals—mainly in their blubber. They 
may be released from this energy store during times when the animals are not feed-
ing (e.g. on prolonged migrations) or when they are lactating.

1 The Four Horsemen of the Apocalypse are described in the last book of the New Testament of the 
Bible, ‘The Book of Revelation’, and are often seen as harbingers of the Last Judgment and the end 
of the world.
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3.2  �The Ongoing Threat of Persistent Organic Pollutants

The levels of contaminants in the tissues of marine mammals have been documented 
over many decades along with associated concerns about their potential long-term 
impacts on populations (e.g. Holden 1978; Reijnders 1988; Tanabe and Tatsukawa 
1991; Simmonds 1992; Reijnders and Simmonds 2003). Associations have been 
drawn between tissue concentrations and a range of health concerns, for example, for 
Baltic grey seals (Halichoerus grypus), Californian sea lions (Zalophus california-
nus), Wadden Sea harbour seals (Phoca vitulina), bottlenose dolphins (Tursiops 
truncatus) in the USA, striped dolphins (Stenella coeruleoalba) in the Mediterranean 
and beluga whales (Delphinapterus leucas) in the St. Lawrence River (Reijnders 
1996). Some of these associations concern reproductive health, including implanta-
tion failure, foetal death (abortion) and abnormalities in the reproductive tracts of 
seals and increased first-born calf mortality in bottlenose dolphins. Additionally, 
severe reproductive dysfunction through the development of cancer and hermaphro-
ditism was reported in St. Lawrence Estuary beluga whales.

It was also very well established that POPs biomagnified up food chains—being 
present in increased quantities at each trophic level—and that marine mammals 
feeding in the more polluted waters and at the apex of food chains were the most 
vulnerable. Toothed whales, being higher in the food chain than baleen whales, are 
thus typically more at risk, with those that feed on other marine mammals, such as 
certain populations of orcas (Orcinus orca) (Fig. 3.1), likely to carry the heaviest 

Fig. 3.1  Polychlorinated biphenyl (PCB) concentrations have been found to have remained at 
elevated levels in orcas or killer whales (Orcinus orca) potentially threatening their survival. Image 
credit: Rob Lott
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pollution burdens. POPs levels in tissues also relate to age and sex (Reijnders 1996). 
Levels in most cetaceans increase with age, until around sexual maturity when 
females mobilise their blubber to produce very fat-rich milk to feed their calves and, 
in doing so, also mobilise the pollutants previously held there. Hence calves can be 
heavily contaminated—and the rapid transfer of pollutants in their mothers’ milk 
may also directly compromise their health.

After most organochlorine pollutants were banned in developed countries in the 
1970s and 1980s, levels in the wider environment fell, and some wildlife popula-
tions recovered (Jepson et  al. 2016). For example, populations and reproductive 
indices of grey seal, otter and white-tailed sea eagle were recovered in Sweden dur-
ing the 1980s as tissue PCB and DDT concentrations fell substantially (Jepson and 
Law 2016). Eventually, as residues levels fell, many ‘toxics’ campaigners moved 
on—and environmental organisations moved their focus—believing that their job 
was done. However—and now we come to the sting in the tale of the PCBs story—
some recent studies show that the problem is far from over.

Jepson et  al. (2016) looked at PCB concentrations in UK harbour porpoises 
(Phocoena phocoena) (with samples collected from 1990 to 2012) and striped dol-
phins from the western Mediterranean Sea (specimens collected 1990–2009). In the 
porpoises, the PCBs declined slowly from 1990 to 1998 and then remained rela-
tively stable from 1998 to 2012. In the Mediterranean striped dolphins, there was a 
marked decline from an initial peak in 1990, but then levels stabilised from 2003 to 
2008. Most significantly, for many animals, blubber PCB concentrations consis-
tently exceeded established mammalian toxicity thresholds (Fig. 3.2), the assump-
tion being that by exceeding established toxicity limits, there is a strong likelihood 
that these animals are still being negatively impacted.

The work of Jepson et al. (2016) also established some global contamination hot 
spots: concentrations in the tissues of bottlenose dolphins and orcas from the north-
east Atlantic and in bottlenose dolphins and striped dolphins from the Mediterranean 
were found to be among the highest recorded in any cetacean globally and markedly 
exceeded all known PCB toxicity thresholds for marine mammals. The researchers 
concluded that, in some instances, the animals have such high mean blubber PCB 
concentrations that they are likely to experience population declines and that these 
PCB levels could also suppress population recovery. In fact, some small or declin-
ing populations of bottlenose dolphins and orcas in the NE Atlantic are already 
known to have low recruitment (low introduction of new animals through birth), and 
this is consistent with PCB-induced reproductive toxicity. Whatever other protec-
tions are afforded to these ‘at risk’ groups of marine mammals, if they are unable to 
properly reproduce and replace their numbers, they will, with time, become extinct.

The same researchers also identified pathological findings that were consistent 
with increased susceptibility to disease (Jepson et al. 2016). This included macro-
parasitic and bacterial pneumonias, high lung (upper airway) and gastric macro-
parasite burdens and generalised bacterial infections (septicaemias). These findings 
appeared to indicate diminishing health status in these populations, and this pros-
pect raises grave welfare concerns.
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The chronic and widespread nature of PCBs has also been underlined in another 
recent study by Murphy et al. (2015), in which these authors conducted full necrop-
sies, and determined PCB loadings in 329 female harbour porpoises which had 
stranded in the UK, and were collected from 1990 to 2012. Almost 20% of the sexu-
ally mature females showed direct evidence of reproductive failure, and another 
16.5% had infections or tumours of the reproductive tract that could contribute to 
reproductive failure. Overall, measured levels of PCBs in tissues were found to be a 
significant predictor of mature female reproductive status, adjusting for the effects 
of confounding variables. Adult female harbour porpoises that died of trauma (e.g. 
by-catch, caught inadvertently in fishery operations) in UK waters had pregnancy 
rates up to 50% lower than those normally found in harbour porpoises in more ‘pris-
tine’ (i.e. less PCB-polluted) regions like Iceland and Greenland.

Looking back to the late 1980s, when Greenpeace and others ran their powerful 
‘toxics’ (antipollution) campaigns, it is now clear that these campaigns were only 
partially successful. There is an ongoing threat posed by PCBs, and their conserva-
tion significance is now reasonably clear and certainly causes enough to redouble 
efforts to determine why these toxins are being maintained in the environment, to 
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Fig. 3.2  Mean ∑PCBs concentrations in male and female cetaceans (four species, all ages). 
From: Jepson PD et al. (2016). The blue bars are males and the grey bars are females. The lower 
line is the equivalent ∑PCBs concentrations threshold (9.0 mg/kg lipid) for onset of physiological 
effects in experimental marine mammal studies. The upper line is the equivalent ∑PCBs concen-
trations threshold (41.0 mg/kg lipid) for the highest PCB toxicity threshold published for marine 
mammals based on marked reproductive impairment in ringed seals in the Baltic Sea. For full 
details of the animals sampled, please see original paper
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determine where the sources are and to work to urgently stop ongoing inputs of 
PCBs to the environment—for example, PCBs are still being released from poorly 
managed waste landfill.

But what are the welfare implications? In my mind this is reasonably clear: ani-
mals of course suffer when affected by disease, and thus, the effects of chronic pol-
lution are likely to cause welfare impacts through disease. Do animals also suffer 
when deprived of young or as a result of impeded ability to reproduce—bearing in 
mind that this can occur at a number of points, including loss of well-developed 
unborn young through stillbirth? Does the absence of young animals in a pod of 
orcas or a school of dolphins alter the pod dynamic, the social structure, or deprive 
these animals of something that would otherwise positively affect their lives? Surely 
this is likely to be the case for these highly sophisticated social mammals. These 
conjectural dilemmas are not readily susceptible to scientific examination, but it is 
only a small leap of faith to make the assumption that the loss and lack of young 
causes suffering.

3.3  �A New Threat Emerges

The list of different kinds of pollution given in the opening paragraph of this chapter 
omits one important and clearly growing category: marine debris or marine litter. 
This has been defined as an environmental, economic, human health and aesthetic 
problem that poses a complex and multidimensional challenge with significant 
implications for the marine environment and human activities all over the world 
(UNEP 2009). Marine debris is mainly (some 60–80%) made up of plastics (Derraik 
2002). Modern human culture has developed a dependency on plastics. They per-
vade every aspect of our lives—we wear them, encase our technology in them, 
decorate our homes with them, wrap our food in them and then at some point, often 
after a short use, discard them. Subsequently they are increasingly found every-
where in our environment. They are arguably not essential to us (previous genera-
tions managed perfectly well before the ‘plastic revolution’), and we use them 
mainly for our convenience and comfort.

Not surprisingly, the production of plastic resin (the basic building material of 
plastic items) has increased 620% since 1975, and the largest market sector is 
packaging material that is inherently designed for disposal (Jambeck et al. 2015). 
Each year, at least 8 million tonnes of plastic find their way into the ocean—which 
is equivalent to dumping the contents of one garbage truck into the ocean every 
minute (World Economic Forum 2016). If no action is taken, this is expected to 
increase to two truckloads per minute by 2030 and four per minute by 2050. If noth-
ing changes, the ocean is expected to contain 1 tonne of plastic for every 3 tonnes of 
fish by 2025, and by 2050, more plastics than fish (by weight) (World Economic 
Forum 2016). Estimates of the global load of plastic on the open ocean surface are 
in the order of tens of thousands of tonnes, 100-fold lower than expected based on 
conservative estimates of plastic released into the ocean from terrestrial sources 
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(Cózar et  al. 2014). It seems that plastics are being removed from the surface 
through fragmentation and then transfer into food webs and via other, as yet largely 
undefined, processes. Deep-sea sediments have since been identified as a likely sink 
for microplastics, and it seems that Arctic Sea ice has also been ‘freeze storing plas-
tic’, and as the polar ice fields retreat, these plastics are now being released back 
into the water (Baulch and Simmonds 2015).

The effects of pieces of plastic—especially pieces which include loops—on 
many animals are both graphic and profoundly affecting to the entangled animals, 
and images of ensnared turtles and birds have become a tragic and common sight on 
TV and social media. Allsopp et al. (2007) recorded cetaceans, pinnipeds, turtles 
and seabirds as all suffering from entanglement and pointed out that pinnipeds were 
particularly affected (Fig. 3.3). This is born out in the USA where most reports of 
entanglement in marine debris involved pinnipeds, particularly northern fur seals 
(Callorhinus ursinus) and Hawaiian monk seals (Neomonachus schauinslandi), as 
well as sea turtles (NOAA 2014). However, inconsistencies in defining and distin-
guishing marine debris from actively deployed fishing gear do present some prob-
lems in assessing the origin of the entangling materials.

Many pinniped populations can be seen to be affected by entanglement, with 
seals with embedded plastic bands or netting observable on many of the sites where 
seals haul out. For example, at Bird Island, South Georgia, 1033 Antarctic fur seals 
(Arctocephalus gazella) were observed entangled in marine debris between 1989 
and 2013 (Waluda and Staniland 2013). Most entanglements involved plastic pack-
aging bands (43%), synthetic line (25%) or fishing net (17%). Juvenile male seals 
were the most commonly entangled (44%). Pinniped entanglements mainly present 
as loops of non-biodegradable material encircling the animals’ necks, and veterinary 

Fig. 3.3  Galapagos fur seal (Arctocephalus galapagoensis) with encircling rope entanglement. 
Image credit: Juan Pablo Muñoz
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experts agree that these ‘neck collars’ can create severe welfare concerns as the 
animals grow (Barnett pers. comm.).

Ingestion of debris is a less well-documented cause of marine mammal morbid-
ity and mortality, although it is well recognised as a health problem in marine birds 
and turtles, where ingestion of even small quantities of marine debris can have large 
effects (Jacobsen et al. 2010). Whilst the most obvious potential effect of ingestion 
is interference with alimentary processes (e.g. physically blocking or perforating 
the gut), another effect could be that ingested plastics could facilitate the transfer of 
pollutants, including PCBs, and chemicals associated directly with the plastics, 
such as plasticisers, into the animals’ bodies (Teuten et al. 2009).

A related topic of growing concern is ‘microplastics’: plastic debris pieces in the 
size range of 0.3–5 mm (NOAA/UNEP 2011). Two categories are recognised: pri-
mary, which are either intentionally produced for direct use (such as exfoliants in 
personal cleaning products and particles used to blast old coatings from the outside 
of boats or as precursors to other products, such as pre-production plastic pellets), and 
secondary, formed from the breakdown of larger plastic materials. This microplastic 
debris now litters the global environment, and there are growing concerns about its 
potential impacts, including impacts on filter-feeding marine invertebrates (and hence 
transference onto higher levels in the food chain) and, more generally, the potential 
for highly mobile suspended plastic particles to transfer contaminants to wildlife.

The scientific literature relating to interactions between cetaceans and marine 
debris is increasing, although the issue is relatively difficult to study as many ceta-
cean bodies are never recovered or examined, and this is likely to be especially the 
case for the deep-diving species which live far offshore (Baulch and Perry 2014). 
Another complicating factor, as mentioned, is determining whether animals have 
become entangled in lost or active fishing gear, and this is an important matter to 
determine as it will affect remedial actions. Many large whale entanglements result 
from encounters with fishing gear that is in use, and this calls for mitigation to focus 
on the fisheries concerned, something that should not be confused with entangle-
ment in debris which would require a different response.

Nonetheless, it is growingly apparent that even the mightiest animals can be 
brought down by our plastic wastes. The first account of ingestion seemingly caus-
ing mortality in sperm whales comes from Jacobsen et al. (2010); in 2008, two male 
sperm whales were stranded along the northern California coast with large amounts 
of fishing net scraps, rope and other plastic debris in their stomachs. One animal had 
a ruptured stomach, the other was emaciated, and gastric impaction was suspected 
as the cause of both deaths. There were an incredible 134 different types of nets in 
these two animals, all made of floating material, varying in size from 10 cm2 to 
about 16 m2. Jacobsen et al. (2010) concluded that the variability in size and age of 
the pieces suggested the material was ingested from the surface as debris. A similar 
case of sperm whale death resulting from debris ingestion has been reported from 
the Mediterranean, and, in total, four such deaths are known worldwide (de 
Stephanis et al. 2013).

Whilst having some debris in the alimentary canal is not the same as knowing for 
sure that the material has had a deleterious effect, ingestion of these alien and 
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potentially harmful materials is now widespread. It has been documented in more 
than half of all cetacean species, with occurrence as high as 31% in some popula-
tions (Baulch and Perry 2014). More generally, in the space of what seems like just 
a few years, marine debris has moved from something typically viewed as unap-
pealing on the seashore to being viewed as a serious threat to wildlife. Many inter-
national initiatives are now underway to address this issue. In 2003, UNEP 
established a ‘Global Initiative on Marine Litter’ to provide an international plat-
form for the establishment of partnerships, co-operation and co-ordination of activ-
ities for the control and sustainable management of marine litter. More recently, in 
March 2011, UNEP and the United States’ National Oceanic and Atmospheric 
Administration (NOAA) organised the Fifth International Marine Debris Conference 
in Honolulu, Hawaii (NOAA/UNEP 2011). This meeting adopted the ‘Honolulu 
Commitment’, which outlined 12 key actions for the reduction of marine debris and 
invited international organisations, governments at national and subnational levels, 
industry, non-governmental organisations, citizens and other stakeholders, to com-
mit to contribute to its development and successful implementation. Such initiatives 
are very welcome, but we are going to have to work very hard indeed to overcome 
the colossal avalanche of rubbish still heading to our seas.

At least some of the welfare concerns caused by marine debris are all too obvi-
ous. The embedded loops of material that affect a marine mammal that is entangled 
with fishing gear (see Chaps. 4 and 13) can cause restricted movement and eventu-
ally lead to severe wounding, amputations and death, a process that can take months 
if not years. Similarly the embedded noose around the neck of a growing seal is a 
severe welfare issue. Blockages or perforations in the gut are less visible, but would 
it be unreasonable to suggest that the animals suffering from such things would 
sometimes be in agony? As well as direct impacts on physical health, ingestion of 
marine debris may also affect an animal’s ability to carry out normal feeding (e.g. 
by suppressing appetite) and other behaviours.

3.4  �Conclusions

I have focused here on PCBs and marine debris because they seem especially impor-
tant at this time. Their ongoing conservation and welfare implications are starting to 
come sharply into focus, or in the case of the PCBs, perhaps returning into focus. 
Looking back across the decades, there are some things that we could not have 
known in the 1980s, such as the remarkable persistence of PCBs despite effective 
production bans. We also had little knowledge back then of microplastics. An inter-
esting comparison can be made between these two issues—PCBs and marine debris. 
The threat from PCBs was well established quite long ago. What is new is that it did 
not go away even after remedial action was taken. By contrast, the full implications 
of plastics in marine systems are still emerging; the fate of the smallest pieces and 
the role of microdebris in transfer of contaminants have only recently started to be 
studied and may prove to be a very significant threat indeed. Despite all the 
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unknowns—and this includes many key aspects of the marine debris issue—there 
appears to be no excuse for inaction on PCBs or marine debris now. These issues 
need new champions to come forward to inspire and lead work to address them, 
including fomenting a change in our careless, wasteful societies that continue to use 
our oceans as a global garbage tip.
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Chapter 4
Welfare Implications of Cetacean Bycatch 
and Entanglements

Sarah J. Dolman and Michael J. Moore

Abstract  Each year, many cetaceans die from accidental capture in fishing gear. 
Despite intense study in some species, we know little about levels of bycatch and 
entanglement in most of the world’s fisheries. Existing laws focus on maintenance 
of populations rather than welfare. Yet bycatch has wide-reaching welfare conse-
quences, affecting quality of life for the many cetaceans that become injured and 
stressed or suffer the loss of conspecifics. For each that dies, we can expect many 
more to survive and suffer from such interactions. Our understanding of the welfare 
implications of cetacean bycatch has increased, but remains poor. As sentient, 
highly intelligent beings, cetaceans are considered by many to be in the highest 
category of animals on a scale of sensibility to pain and suffering, in the same cat-
egory as primates and carnivores. Yet there has been little change in fishery manage-
ment to reflect this increasing welfare knowledge and, in general, inadequate effort 
to reduce the numbers of cetaceans caught in gear. The assessment and awareness 
of welfare implications of bycaught cetaceans is several decades behind farm ani-
mal welfare. Pathological data indicate that the majority of bycaught cetaceans 
asphyxiate. Those that escape or are released from fishing gear can suffer a variety 
of injuries, high levels of stress, behavioural alterations and physiological and ener-
getic costs that can lead to reduced long-term survival. These, along with wider 
social implications for conspecifics, are considered, as are ways to understand and 
reduce bycatch and entanglements.
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4.1  �Introduction

Bycatch, including entanglement, is the unintentional capture of nontarget species 
in fishing gear. Each year, hundreds of thousands of marine mammals, including 
whales, dolphins and porpoises, are believed to die from accidental capture; in 
waters of the USA alone, the total potential biological removal for all stocks of 
marine mammals is estimated at almost 60,000 annually (Read et al. 2006). At least 
75% of odontocete species and 64% of mysticetes have been recorded as gill net 
bycatch over the past 20 plus years (Reeves et al. 2013).

Typically, the focus of bycatch is that of understanding conservation and population 
level impacts. Odontocetes with long, diverse lineages and few or no extant sister taxa 
include the obligate freshwater dolphins of the South Asian subcontinent (Platanista) 
and South America (Inia), the franciscana and the finless porpoises (Neophocaena) and 
are all threatened in all or parts of their range by gill net bycatch (Reeves et al. 2013). The 
Yangtze River dolphin or baiji (Lipotes vexillifer), known only from the middle-lower 
Yangtze River system and neighbouring Qiantang River in eastern China, is likely to be 
extinct, probably due to unsustainable bycatch in local fisheries (Turvey et al. 2007). Gill 
nets are a primary cause of decline in vaquita (Phocoena sinus), a small endangered 
porpoise endemic to Mexico’s northern Gulf of California and whose numbers are less 
than 200 individuals (Rojas-Bracho and Reeves 2013) and may be as low as 30 (CIRVA-
8, 2016). Whilst bycatch in set and drift gill nets remains a principal concern, incidental 
mortality in trawl nets (Fertl and Leatherwood 1997), purse seines, beach seines and 
longline gear is also worrisome (Reeves et al. 2004). New Zealand’s Hector’s dolphin 
(Cephalorhynchus hectori) populations have been fragmented, and a subspecies, Maui’s 
dolphin (Cephalorhynchus hectori Maui) in the North Island, is critically endangered 
due to bycatch in gill nets and trawl fisheries (Slooten 2007). In one of the few examples 
where dedicated and long-term observations have been undertaken, population level 
impacts have been associated with the deliberate setting of purse seine nets around dol-
phins in tuna fisheries (Wade et al. 2007). This is discussed in more detail below.

In large whales, fixed fishing pot gear is a very significant cause of morbidity and 
mortality in addition to nets. Entanglement in static fishing gear is the leading cause 
of detected mortalities of large whales in the Northwest Atlantic (van der Hoop et al. 
2013a). Previously hunted North Atlantic right whales (Eubalaena glacialis) are not 
recovering as fast as Southern right whales (Eubalaena australis) (Best et al. 2001) 
due to ship strikes and entanglements (Knowlton and Kraus 2001). Between 1980 and 
2004, at least 83% of 493 individual North Atlantic right whales were entangled at 
least once. The number of entanglements ranged from 1 to 6 per individual (Knowlton 
et al. 2012). In SE Alaska at least 52% of humpback whales (Megaptera novaean-
gliae) have been entangled at least once, with an average of 8% of the population 
getting new entanglements every year (Neilson et al. 2009). Of individual Gulf of 
Maine humpback whales, from 2009 to 2010, 16.9 ± 6.45% (n = 130) exhibited new 
scarring and 13.5 ± 3.8% (n = 319) exhibited unhealed injuries likely obtained within 
the prior year (Robbins 2012). Smaller species appear less likely to survive any entan-
glement, and Leaper (Leaper et  al. 2006) and Lien (1994) estimated that 70% of 
minke whales (Balaenoptera acutorostrata) that become entangled die, compared to 
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16% of humpback whales. In Scotland, half of minke whales stranded and post-
mortemed from 1990 to 2010 showed signs of entanglement (Northridge et al. 2010).

Despite some species being the focus of intense study, we know little about cur-
rent levels of bycatch in most of the world’s fisheries, although experience suggests 
bycatch is likely to be widespread, if not universal (Read et  al. 2006). Further, 
examples of population recovery following effective management changes includ-
ing altered fishery methods are very rare (Reeves et al. 2013).

The primary enforcement of laws for cetaceans has been to support minimum 
species loss, or maintenance of populations, with little or no focus on the welfare 
aspects of incidental take in fisheries (Moore and van der Hoop 2012). Yet bycatch 
has wide-reaching welfare consequences, affecting quality of life (Fraser et  al. 
1997; Moore and van der Hoop 2012; Moore 2013) for the many whales, dolphins 
and porpoises that become injured and stressed or suffer the loss of conspecifics. As 
sentient, highly intelligent and cognitive beings, cetaceans are considered by many 
to be in the highest category of animals on a scale of sensibility to pain and suffer-
ing, in the same category as primates and carnivores (Porter 1992).

With many thousands of cetaceans estimated as dying each year in fishing gear (See 
tables in Read et al. 2006), we can expect many more to survive and suffer from such 
interactions. Our understanding of the welfare implications of cetacean bycatch has 
increased, but remains poor. There has been little change in fishery management to 
reflect this increasing welfare knowledge and, in general, inadequate effort to reduce 
the numbers of cetaceans caught in gear generally (Dolman et al. 2016). There remains 
no quantitative assessment and comparison of the scale of mortality and welfare impli-
cations of bycaught cetaceans. In this regard, the welfare considerations of bycaught 
cetaceans are decades behind farm animal welfare and slaughter (Soulsbury et al. 2008).

Increasingly, consumers want assurance about the welfare standards associated 
with the fish they buy. Whilst this is typically regarding the fish they choose to eat, 
the tuna-dolphin issue demonstrates a strong public concern about the welfare of 
cetaceans and other marine species accidentally caught in fishing gear.

4.2  �Fishing Types

A summary of gear types is provided by the UN Food and Agriculture Organisation 
(FAO).1 Mobile gears include dredgers, trawls (including twin, otter) and purse seine 
nets. Static nets include drift nets, gill nets (including mono-, multifilament), tangle 
nets, and coastal antishark nets that are anchored to the seabed, as well as longlines, 
creel or potting lines, mussel farm lines, aquaculture cages and fish aggregating devices. 
Recreational fishing gears include hooks and lines, and fishing also involves stupefying 
devices to stun fish, such as the use of chemicals, explosives and electrofishing. Ghost 
fishing occurs when abandoned, lost or discarded gear of any description continues to 
catch and kill organisms (Gilman 2015) and is discussed in Chap. 5.

1 http://www.fao.org/fishery/topic/1617/en.
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About four million vessels were estimated to make up the global fishing fleet in 
2002.2 Approximately two-thirds were less than 10 m in length (65% of which are 
not motorised), and the remaining third were 10–15 m in length. In contrast, approx-
imately 1% of the global fleet were more than 24 m in length.

4.3  �Causes and the Extent of Bycatch and  
Entanglement Impacts

Our understanding of marine mammal bycatch is hindered by the almost complete 
lack of reporting on a global scale (Read et al. 2006), and the majority of vessels are 
not monitored for bycatch by national or regional fishery commissions. In addition, 
where reporting occurs, bycatch and entanglement mortality and welfare implica-
tions are likely greatly underestimated, due to under-reporting by fishermen, with 
individually caught animals falling out of a net before it is brought on board, and a 
low probability of discovery of the bycaught animals or of recovery at sea (Cole 
et al. 2006; Williams et al. 2011; Kindt-Larsen et al. 2012; Bjørge et al. 2013). Even 
in the USA, where bycatch is monitored under the Marine Mammal Protection Act, 
the extent of bycatch cannot be accurately estimated in three out of four fisheries 
due to monitoring levels being below that which is recommended by federal fishery 
managers (Keledjian et al. 2014). As a result, many questions about the gear types 
and extent of cetacean bycatch and resulting mortality and welfare impacts remain.

At the broadest scale, spatial overlap between fishing gear and cetaceans may be 
related to prey distributions and associated diel (daily, diurnal) and seasonal pat-
terns of both fishery and cetacean activity. A number of factors that influence 
bycatch and entanglement relate to the fishing activity itself, such as the location of 
fishing activity, level of effort, fishing method (active fishing methods may produce 
more noise) and gear used. Bycatch may occur when deploying gear, whilst gear are 
actively used for fishing and during hauling of gear back onto the vessel.

In some fisheries, perhaps most prominently in the tuna purse seine fisheries in 
the Eastern Tropical Pacific Ocean (ETP), the behaviour of the fishermen can influ-
ence levels of bycatch. Where schools of yellowfin tuna (Thunnus albacares) are 
caught by locating, chasing and encircling pods of associated dolphins, such behav-
iour increases the chance of capture of dolphins in the net (e.g. Cramer et al. 2008).

Other factors that influence bycatch and entanglement relate to the species being 
incidentally caught. Cetaceans have complex navigation systems that may enable 
them to detect gear under some circumstances (Kastelein et al. 2000). Detection 
abilities (both acoustic and visual) and distances for detection of gear by the animals 
vary depending upon the species, as well as on their behaviour.

However, the behaviour and the resulting method of bycatch or entanglement of 
individuals are largely unknown. Nielsen et al. (2012) found that porpoises do not 
usually actively approach gill nets, concluding that bycatch seems to be caused by 
individual animals accidentally being caught, likely due to attention shifts or to 

2 http://www.fao.org/fishery/topic/1616/en.
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auditory masking (compromising capacity to ‘hear’) reducing their ability to detect 
the nets using echolocation. Sleep may influence odontocete entanglement in static 
nets, when echolocation is reduced (Goley 1999), as might scavenging, experience, 
curiosity, carelessness and distractions (whether predator escape or play behaviour 
between the cetaceans). Odontocetes feeding on hooked fish (depredation) may 
become entangled in the branch or main fishing lines or become hooked as they 
attempt to consume captured fish (Read 2008; Nitta and Henderson 1993). This 
behaviour leads to entanglement (Baird and Gorgone 2005) and, occasionally, to 
mortality. Ingestion of fishing gear, when it involves hooks becoming embedded in 
the throat, the ‘goosebeak’ formed by the epiglottis and corniculate cartilages in 
the throat, or the oesophagus, were found to be eventually fatal, over a period of 
several weeks, in all cases examined, as was line wrapped around the goosebeak 
(Wells et al. 2008).

Behaviours exhibited by a number of species that interacted with a bycatch reduc-
tion device in a trawl net included the animal becoming caught in the mesh by fins, 
head or tail; the tail being caught or stuck in the exclusion grid; the animal remaining 
in the net after a stressful interaction with the grid or mesh; the animal continuing to 
move and remaining in the net motionless after stressful interaction with grid or 
mesh; and, finally, the animal being assumed dead (Jaiteh et al. 2014). Baleen whales 
may not detect static gear or may even be attracted to areas where gear is set, due to 
increased productivity or because prey species are attracted to the sets (Lien 1994). 
The mouth is the most common attachment site for whales in static lines, followed 
by the peduncle and flippers (Cassoff et  al. 2011), suggesting that entanglement 
occurs during foraging. Physiological and behavioural differences exist between 
species and taxonomic groups, and this variation may cause differences in the sever-
ity of certain injuries for different species (Andersen et al. 2008). Behavioural pro-
cesses that vary with age, sex and reproductive status can apply to bycatch (Learmonth 
et  al. 2014 and references therein). For example, in the albacore tuna (Thunnus 
alalunga) gill net fishery in the northeast Atlantic, young male common (Delphinus 
delphis) and striped dolphins (Stenella coeruleoalba) dominate the catch. Adult 
females constitute the second largest portion of the bycatch for both species (Brown 
et  al. 2015). Injuries consistent with fishery interactions in Hawaiian false killer 
whales (Pseudorca crassidens) were biased towards females, suggesting a dispro-
portionate impact of fishery-related mortality on population dynamics (Baird et al. 
2014). Male humpback whales were more likely than females to exhibit entangle-
ment-related scars, and yearlings were at the highest risk, although whales continued 
to become entangled when adults, in the Gulf of Maine (Robbins and Mattila 2000).

4.4  �The Nature of Death, Injury and Physiological Effects

There are clear differences in the types and degree of injuries received by bycaught 
cetaceans (Jepson et al. 2013), and these vary with species and with age (Soulsbury 
et  al. 2008). These differences highlight how a number of injury measures are 
required to diagnose bycatch.
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Pathological data indicate that the majority of bycaught cetaceans asphyxiate in 
the nets (Soulsbury et al. 2008). Other bycaught cetaceans can suffer a variety of 
injuries and high levels of stress during incidental capture. Documented effects, for 
those that escape or are released from fishing gear, include behavioural alterations, 
physiological and energetic costs and associated reductions in feeding, growth or 
reproduction (i.e. fitness) (Wilson et al. 2014), leading to reduced long-term survival. 
These, along with wider social implications for conspecifics, are summarised here.

4.4.1  �Asphyxiation

After being caught or entangled underwater, cetaceans may not be able to rise to the 
surface to breathe and may die trapped or anchored in gear. If the cetacean struggles 
frantically to free itself, then this effort will require an increased oxygen supply to 
muscles, whereas a whale that does not struggle may show the accentuated brady-
cardia seen in [forced] prolonged submergence (Leaper et al. 2006). Some individu-
als of dolphin species trapped in nets appear to go into a catatonic state even when 
the sea surface is accessible (Oliveros and Maldonado 2002).

Asphyxiation causes gross and histological changes to the heart and lungs (Jepson 
et al. 2000), and gross physical indicators are provided by Soulsbury et al. (2008). The 
pathological and histological changes observed in bycaught cetaceans indicate that 
asphyxia is the main cause of mortality. In large whales, there is often substantial bruis-
ing and oedema underlying the areas compressed by the entangling gear, reflective of 
a functional circulation for some time after the initial entanglement but before death 
(Moore and van der Hoop 2012). Criteria for the diagnosis of asphyxiation have been 
described under the diagnosis of peracute underwater entrapment (Moore et al. 2013).

Physiological data suggest that the cardiac changes observed in bycaught ceta-
ceans are caused by massive releases of catecholamines in response to stress (Cowan 
and Curry 2002). The stress associated with capture, premortem injuries and 
asphyxiation are likely to be high (Soulsbury et al. 2008). It has been estimated that 
the time from entanglement to unconsciousness and to subsequent death in a minke 
whale can be considerably greater than the species’ average dive times of 2–5 min 
(Leaper et al. 2006). Katona et al. (1993) report a single observation of a minke 
whale in the North Atlantic surviving submerged for 17 min as it was being freed 
from a fish weir. Whilst there are no quantitative data on the duration of suffering 
before death occurs, undoubtedly the duration can significantly exceed animal wel-
fare standards set in other arenas, such as for the slaughter of farm animals and the 
catching of wild mammals in killing traps (Soulsbury et al. 2008).

4.4.2  �Physical Injuries and Stress

Bycaught cetaceans suffer a variety of external and internal injuries, ranging from 
skin abrasions, amputations, broken teeth, broken bones, punctured or collapsed 
lungs and haemorrhaging (Figs. 4.1 and 4.2). The degree and severity of injuries 
varies with the method of fishing and species (Soulsbury et al. 2008).
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Injuries occur during interaction with the gear itself, through interactions with 
bycatch reduction devices or when the animals are hauled on board the fishing ves-
sel, where traumatic lesions such as skull fractures have been documented (Kirkwood 
et  al. 1997). Odontocetes can also be at risk from retaliatory measures taken by 
fishermen as a result of real or perceived economic losses (Read 2008). Fishermen 
are known to shoot at a variety of marine mammal species (Moore et  al. 2013) 
engaging in depredation and to use other destructive means, such as small explo-
sives, to deter such behaviour (Baird 2009).

The pathological consequences of entanglement or bycatch injuries are either ana-
tomical or physiological (Figs. 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 4.10, 4.11, 4.12, 4.13, 
4.14). The anatomical location of an injury may lead to peracute to acute death (e.g. head 
trauma) or chronic debilitation (e.g. fracture of mandible or starvation). Physiological 

29.4% net marks
(tail flukes/tailstock)

15.6% net marks
(dorsal fin)

24.5% net marks
(pectoral fins)

7.4% net marks
(body)

23.0% net marks
(head/beak)

17.0% broken
teeth

24.2% broken
maxille/mandible

Fig. 4.1  External injuries associated with bycatch recorded from UK postmortem data from 1999 
to 2005. Reproduced from Soulsbury et al. 2008

65.4% visceral
congestion, typically liver,
kidneys, spleen and
adrenals

39.0% haemorrhaging
thoracic rete mirabile 18.1% haemorrhaging or

tears to longissimus
dorsii muscle

6.6% haemorrhaging
or muscle tears to
thoracic or intercostal
regions

Peri-scapular (12.1%) or
subscapular (8.8%)
haemorrhaging or muscle
tears

15.4% haemorrhaging to
sub-mandibular or sub-
cranial regions

Fig. 4.2  Internal injuries associated with bycatch recorded from UK postmortem data from 1999 
to 2005. Reproduced from Soulsbury et al. 2008
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Harbour porpoise
(Baltic Sea)

Franciscana dolphin
(South America)

Atlantic humpback
dolphin (W.Africa)

Spinner dolphin
(West Africa)

Maui dolphin
(New Zealand)

Fewer than

50
Maui dolphins are left,

largely because
of gillnets

Only 450
harbour propoises

remain in the
Central Baltic due to

entanglement in
Static nets

Fig. 4.3  Gill nets are set on the ocean bottom and are a huge threat to dolphins and porpoises. 
Image credit: Richard Palmer Graphics, www.richardpalmergraphics.com
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Minke whale (Scotland)

North Atlantic
night whale (USA)

50%
of all minke whales who
strand along the Scottish
coastline show evidence

of being entangled in
creel lines 

83%
of all North Atlantic
right whales have
been entangled

Fig. 4.4  Whales get caught in the lines either between creel pots or from the pots to buoys on the 
sea surface. Image credit: Richard Palmer Graphics, www.richardpalmergraphics.com
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consequences of injury include shock, pain or blood loss leading to an inflammatory 
cascade, activation of the sympathetic nervous system, hormone release (epinephrine or 
norepinephrine) and vascular changes with the potential end results of hypothermia, 
coagulation defects, organ failure and death. However, these may not be readily deter-
minable in an animal after initially surviving a traumatic event, and in animals that die, 
tissue autolysis or loss may prevent a complete assessment (Andersen et al. 2008).

Fig. 4.5  Chronic entanglement with rope, most likely from pot gear, of the flipper of a North 
Atlantic right whale calf (Eubalaena glacialis). As the calf grew, the rope grew into the flesh of the 
flipper, ultimately constricting the radius bone such that the bone was notched by the rope. Image 
credit: New England Aquarium. Permit No. 932-1905-01-MA-009536-1
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Fig. 4.6  North Atlantic right whale (Eubalaena glacialis) with massive dissection of dorsal blub-
ber coat, resulting from chronic constriction, subsequent to entanglement of both flippers in gill 
net, connecting dorsally. As the animal swam, the gear tightened and constricted. The entangle-
ment lasted at least 4 months before the animal died. Image credit: New England Aquarium. Permit 
No. 932-1905-01-MA-009536-1

Fig. 4.7  Ventral view of a North Atlantic right whale (Eubalaena glacialis), showing damage 
caused by rope entanglement around both flippers. The animal was significantly decomposed hav-
ing lost most of its skin postmortem. The animal died 6 months after it was last sighted alive, with-
out an entanglement. Image credit: Virginia Aquarium. Permit No. 932-1905-01-MA-009536-1
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Fig. 4.8  Rope entangled in the baleen of a North Atlantic right whale (Eubalaena glacialis). This 
animal had a complex entanglement involving the mouth, blowhole and left flipper. The flipper had 
been constricted such that the rope had embedded in the ulnar and radius bones and elicited a mas-
sive proliferation of new bone. The entanglement lasted between 6 and 16 months. Image credit: 
Virginia Aquarium. Permit No. 932-1905-01-MA-009536-1

Fig. 4.9  Sketch of entanglement derived from examination of lesions on a dead humpback whale 
calf that had been earlier observed anchored in lobster gear. Image credit: Scott Landry, Center for 
Coastal Studies
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Fig. 4.10  Humpback whale (Megaptera novaeangliae) entangled in lobster gear line. Image 
credit: International Whaling Commission

Fig. 4.11  Humpback whale (Megaptera novaeangliae) entangled in net and rope. Image credit: 
International Whaling Commission
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Fig. 4.12  Immature humpback whale (Megaptera novaeangliae) entangled in lobster gear line 
being released using a long boom equipped with specially designed cutting attachments. Image 
credit: International Whaling Commission

Fig. 4.13  Entangled humpback whale (Megaptera novaeangliae) in Faxafloi Bay, near Reykjavik, 
Iceland, released by British Divers Marine Life Rescue in August 2015. Image credit: Andy 
Butterworth
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Postmortem of 182 cetaceans stranded in the UK (comprising 97 harbour por-
poises (Phocoena phocoena), 80 common dolphins, 3 striped dolphins, 1 Risso’s 
dolphin (Griseus grampus) and 1 minke whale) from 1999 to 2005 found evidence 
of complex entanglements involving multiple parts of the body. External injuries 
included amputations (from entanglement or being cut free), broken maxillae, man-
dibles and/or teeth and internal injuries consisting of organ congestion, muscle tears 

Fig. 4.14  Deep incised lesion resulting from chronic entanglement with rope around the rostrum 
of an immature minke whale (Balaenoptera acutorostrata) from the North Sea. Image credit: 
Andrew Brownlow, Scottish Marine Animal Stranding Scheme (SMASS)
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and haemorrhaging (either from the gear or from the cetacean struggling) (Soulsbury 
et al. 2008). Longer-term impacts can result after escape or release from the fishing 
gear. The stress and injuries for individuals that escape may cause prolonged suffer-
ing and/or subsequent mortality (Wilson et al. 2014; Soulsbury et al. 2008). Major 
dorsal fin disfigurements have been documented, with injuries at the base of the 
leading edge of the fin or a missing fin, with unknown welfare consequences (Baird 
and Gorgone 2005).

4.5  �Case Study: North Atlantic Right Whale

Following hunting that decimated the original population, North Atlantic right 
whales (NARW) were listed as endangered in US waters in 1970. The population is 
estimated to contain less than 500 individuals (NOAA 2015). Entanglement in static 
pot gear lines is a primary cause of death, along with ship strikes.

Examination of large baleen whale entanglement mortalities has shown a variety 
of chronic impacts for persistent terminal entanglements. Juveniles and adults have 
a lower probability of survival following entanglement (Robbins et  al. 2015). 
Apparent survival of entangled adults is 23% lower than other adult females and 
26% lower than other adult males. The post-entanglement survival of entangled 
juveniles was comparable to entangled adults and 25% lower than conspecifics. 
This is the first estimate of survival reduction relative to unaffected animals and sets 
a baseline against which to evaluate the success of future mitigation efforts (Robbins 
et al. 2015). Larger whales breaking free of, and subsequently carrying, fixed trap 
and net gear are subject to a very slow and likely extremely debilitating demise, 
averaging 6 months in the case of the NARW, but there are cases that persist for 
multiple years (Moore and van der Hoop 2012). Disentanglement (gear removal) 
improves the survival outcome of NARW, as disentangled whales can achieve a 
subsequent survival rate that approaches that of unaffected animals (Robbins et al. 
2015).

Protracted causes of death include impaired foraging during entanglement, 
resulting in emaciation through reduced mobility and foraging ability, and energy 
budget depletion leading to starvation after many months or years; systemic infec-
tion arising from open, unresolved entanglement wounds; and haemorrhage or 
debilitation due to severe gear-related damage to tissues. Serious gear-induced 
injury can include laceration of large vessels, occlusion of the nares, embedding 
of line in growing bone and massive periosteal proliferation of new bone in an 
attempt to wall off constricting, encircling lines (Cassoff et  al. 2011). Gear-
induced wounds can lead to death by impairing critical biological functions, 
becoming a source of haemorrhage, or providing a portal of entry for pathogens 
(Cassoff et al. 2011).

It has been suggested that disruption of the oral seal, holding the lower man-
dible closed, could have a significant impact on propulsion efficiency and energy 
expenditure (Lambertsen et al. 2005). Van der Hoop et al. (2013a) identified sig-
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nificant alteration to swimming patterns and significant drag, resulting in energy 
depletion in a chronically entangled NARW. Added drag of towing gear could 
substantially affect the energy budget of an entangled whale (Moore and van der 
Hoop 2012), where entanglement could increase drag and propulsive power by 
1.47-fold (van der Hoop et al. 2015) and seemingly small entanglements (short 
pieces of line, small floats) can still impart significant drag (van der Hoop et al. 
2015). Additional drag from the entangling gear has been shown to have ener-
getic costs that can be equivalent to the cost of migration or reproduction (van 
der Hoop et al. 2015). Thus chronically entangled whales are perhaps best seen 
as ‘dead whales swimming’ in that females that are significantly and chronically 
entangled are unlikely to get pregnant. Laceration and consequent infection can 
be another cause of death in chronic entanglement of large whales, with second-
ary bronchopneumonia (Cassoff et al. 2011).

Entanglement in fishing gear is sufficiently stressful to cause both a behavioural 
and physiological stress response in baleen whales (Cassoff et  al. 2011). Faecal 
glucocorticoid studies have shown markedly elevated stress hormone levels in a 
severely entangled NARW (Hunt et al. 2006); the relationships between entangle-
ment stress and metabolic rate are complex. Long-term stress from being chroni-
cally wrapped in gear may explain why examined whales were unable to fight off 
the initial insult of infected gear lacerations, most likely leading to their demise 
(Cassoff et al. 2011).

Most baleen whales are able to release themselves from fishing line or net or 
are disentangled by humans, as evidenced by scarring patterns on many individu-
als (Knowlton et al. 2005; Mathewson 2012). However, visual health assessment 
of NARW using photographs demonstrated that stress responses existed that may 
have impacted health and fecundity even after the gear is no longer attached 
(Pettis et al. 2004). Thus the lethal entanglement events are the extreme and rela-
tively infrequent end of a more widespread, persistent and repetitive problem, 
and the cost of nonlethal entanglement in terms of energy, stress and pain may 
significantly reduce fecundity in NARW (Moore and van der Hoop 2012). 
Ultimately entanglements can lead to eventual lethal trauma through a drawn-out 
cumulative loss of body condition and constriction of body parts, with or without 
secondary infection, and the level of pain and stress is presumably extreme 
(Moore and van der Hoop 2012). Lethal entanglements of baleen whales are, 
arguably, one of the worst forms of human-caused mortality in any wild animal 
(Cassoff et al. 2011).

4.5.1  �Decompression Sickness

The stress of capture at depth appears to trigger a failure of normal gas solubility 
management physiology. Small cetaceans and seals bycaught in gill nets have been 
shown to undergo massive gas embolisation by the time they are hauled to the sur-
face dead (Moore et al. 2009). Diagnosis of this gas as being from decompression 
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of supersaturated tissues, rather than decomposition, was made by careful analysis 
of the gas components of the bubbles (Bernaldo de Quirós et al. 2013). Whilst mori-
bund live gas-embolised marine mammals have not been described, turtles have 
been shown to undergo spastic morbidity when hauled to the surface in a gill net, 
with concomitant embolisation (García-Párraga et  al. 2014). These clinical signs 
have been reversed with repressurisation and then controlled depressurisation. 
Garcia et al.’s study was the first to definitively diagnose decompression sickness, 
by reversal of clinical signs with repressurisation, in a breath holding, non-human 
diving vertebrate. This study has major potential implications for the proper treat-
ment of moribund, but not dead vertebrates that are hauled to the surface in gill nets 
and other fishing gears.

4.5.2  �Social Implications

Bycatch has implications for conspecifics that we are only beginning to understand. 
Due to the highly social nature of many odontocetes, survival and reproductive suc-
cess can depend on social cohesion and organisation, and the effects of social dis-
ruption caused by bycatch mortalities may go beyond the dynamics of individual 
removals and impede population recovery (CMS 2015; Wade et al. 2012). Wade 
et al. (2012) suggest that their social and behavioural traits may contribute to a lack 
of resilience in odontocetes.

Observations of a bottlenose dolphin calf temporarily entangled in monofila-
ment line showed immediate alterations in the behaviour of the mother and calf, 
as well as conspecifics (Mann et al. 1995). As well as causing distress to surviving 
family or group members, the loss of key individuals will lead to the loss of impor-
tant social knowledge and will be likely to cause disruption or breakdown of 
social groups and networks (Soulsbury et al. 2008; Williams and Lusseau 2006). 
The removal of older individuals and their knowledge will have serious conse-
quences for populations of socially advanced mammals such as cetaceans 
(McComb et al. 2001).

4.6  �Case Study: Eastern Tropical Pacific Tuna-Dolphin 
Fishery

Since the 1960s, dolphins of several species continue to be used to locate, chase, herd 
and encircle tuna using speed boats (Fig. 4.15). The scale of death is unprecedented, 
with more than six million dolphins killed in the Eastern Tropical Pacific (ETP) 
(Perrin et al. 2002) and populations of northeastern offshore Pantropical spotted dol-
phins (S. attenuata attenuata) and eastern spinner dolphins (S. longirostris orientalis) 
reduced by an estimated 40% and 20%, respectively (Wade et al. 2007), due to these 
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early purse-seining techniques. Further, as many dolphins are released, a surviving 
dolphin may be captured and released a number of times during their lifetime.

Despite reduced kills to fewer than 1000 per year, the populations of dolphins are 
not showing signs of recovery (Gerrodette and Forcada 2005; Wade et al. 2002), and 
the rate of calf production has been declining since the 1980s (Cramer et al. 2008). 
Hypotheses to explain the lack of recovery (Gerrodette and Forcada 2005) have 
included underreporting of kills by observers; cryptic effects of the fishery not 
detectable by observers, such as stress-induced abortion; or the separation of moth-
ers and calves (Noren and Edwards 2007).

An associated study on bottlenose dolphins ‘carrying’ a calf in echelon position 
found that the calf may be unable to achieve speeds which are required to be sus-
tained by the whole group to evade fishermen (Noren 2013). To maintain proximity 
with the group, mothers may become separated from their calves. Permanently sep-
arated dependent calves may then represent unobserved mortality events, no doubt 
due to a stressful and painful demise resulting from starvation following orphaning. 
This may partially explain the non-recovery of depleted ETP dolphin populations 
(Noren 2013) where, in the case of mothers dying, a calf or dependent juvenile must 
be assumed to become a secondary victim (Noren and Edwards 2007). It is plausible 
that the chase and encircling of the dolphins has hindered or prevented recovery in 
these populations, animal groups which show complex social structure (Wade et al. 
2012). ‘Dolphin-friendly’ product labelling on tuna caught in purse seine fisheries 
does not consider welfare implications to individuals or populations.

Fig. 4.15  Dolphins in purse seine net. Image credit: NOAA bycatch webpage
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4.7  �Conclusions: Ways to Understand and Reduce Bycatch 
and Entanglements

Bycatch is not an intentional practice, and many fishermen are involved in strategies 
to reduce the accidental capture of whales, dolphins and porpoises. The approach 
required will often be fishery specific, and all solutions are dependent on positive 
relationships and involvement with fishermen. Participation of fishermen in the 
management process is necessary (Bisack and Das 2015), bycatch reduction 
approaches can be implemented successfully from the bottom-up (Teh et al. 2015), 
and individual level incentive-based management measures are likely to be highly 
effective.

Bycatch is not inevitable. There are ways to minimise unintended mortality and 
welfare impacts by avoiding areas where endangered or vulnerable species or small 
populations are known to be present and ongoing enforcement of monitoring and 
mitigation to enable quantitative metrics and to improve compliance. Despite existing 
legislation to document, manage and reduce bycatch in some parts of the world, such 
as the US Marine Mammal Protection Act (MMPA) and the EU Habitats Directive 
(92/43/EEC), measures to do so remain mostly inadequate. For instance, even for a 
highly endangered whale such as the North Atlantic right whale, in perhaps the best 
regulated waters of the world, the mortality allowed by the US MMPA and Endangered 
Species Act (ESA) (zero cases per year) is exceeded every year (NOAA 2015). This 
periodically engenders further gear modification and spatial and temporal planning 
(van der Hoop et al. 2013b), but other factors such as increasing rope strength seem 
to more than undo whatever gains such mitigation measures might have been achieved 
(Knowlton et al. 2015). Existing legislation includes no provisions for the protection 
of cetaceans from incidental capture on welfare grounds (Soulsbury et  al. 2008). 
Explicit policy decisions and rigorous implementation are urgently needed to bridge 
the gap between our poor biological and impact knowledge and what is happening at 
sea (Dolman et al. 2016). To this end, political will and explicit consideration of the 
sublethal costs of bycatch and entanglement in decision making are necessary.

Mitigation options include modifying the gear, either to make it more visible 
(e.g. using acoustic devices) or reduce the likelihood of entanglement once a ceta-
cean makes contact with the gear (Soulsbury et al. 2008). There is a great need for 
effective mitigation measures to address bycatch of marine mammals in gill net 
fisheries (Read 2008). The use of active acoustic devices (such as pingers) has been 
demonstrated to successfully modify the behaviour of some dolphins, porpoises and 
small whales to reduce the frequency of their interactions with gill net fisheries 
(Dawson et  al. 2013). Pingers on drift nets eliminated beaked whale bycatch in 
Californian drift gill net fishery (Carretta et al. 2008), where the species previously 
caught included Cuvier’s beaked whales (Ziphius cavirostris), Hubb’s beaked 
whales (Mesoplodon carlhubbsi), Stejneger’s beaked whale (M. stejnegeri), Baird’s 
beaked whale (Berardius bairdii) and unidentified Mesoplodon and ziphiid species. 
Pingers may have welfare implications themselves, causing auditory damage if loud 
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enough (Lepper et al. 2014). The wide-scale use of acoustic devices on static fishing 
gear presents operational issues as well as those associated with introduced noise 
impacts.

There remains an urgent need for better entanglement avoidance and individual 
entanglement mitigation for large baleen whales. Entanglements increased in the 
northwest Atlantic since measures such as weak links on buoy lines and sinking 
ground lines between fishing traps and pots were introduced, indicating that differ-
ent or additional mitigation measures are required (Pace et al. 2014). Adoption of 
ropes with lower breaking strengths (of 1700 lbs. or less) could reduce the number 
of life-threatening entanglements for large whales by at least 72% and still be strong 
enough to withstand the routine forces involved in many fishing operations 
(Knowlton et al. 2015).

Effective bycatch mitigation will require coordinated actions by the range of 
stakeholders to develop a combination of technological gear fixes, changes in fish-
ing practices, modification of fishing effort and international agreements that, 
together, can monitor and mitigate bycatch (Lewison et  al. 2004). To effectively 
deal with all these mortality and welfare issues, a clear strategy is required to iden-
tify the neccessary steps required by all fisheries to reduce bycatch towards zero 
(Dolman et al. 2016) should be implemented, and this should include welfare-spe-
cific legislation for marine species, as already exists terrestrially. Cetacean popula-
tion surveillance, including effort-based collection of at-sea and stranding data, 
adequate monitoring of the fishery itself, reporting of lost gear, bycatch as well as 
mitigation measures and monitoring of effectiveness of mitigation measures are all 
required. Accurate estimates of cumulative incidental catch levels are typically not 
available due to insufficient sampling in the appropriate fisheries or areas. A high 
level of observer coverage allows more precise estimation of bycatch levels and 
would provide a conspicuous enforcement presence that could deter violations of 
regulations (McDonald et al. 2016).

Investigations into the sublethal effects of bycatch-related injury and stress on 
fitness are required, including improved understanding of the injuries suffered, the 
length of time to asphyxiation and the social implications of individuals dying. 
Better information about the nature and magnitude of the problem needs wider pub-
licity and better public awareness. Market-based mechanisms should include retail-
ers and suppliers working with fisheries to improve practices and governance. As a 
component of this, certification schemes should include the mortality and welfare 
considerations of bycatch in their assessments of fisheries and clear labelling of the 
resulting fish products. Perhaps a major effort to educate seafood consumers as to 
the chronic and widespread welfare concerns that marine mammal bycatch and 
entanglements represent would achieve their mitigation through consumer pressure, 
where governmental efforts on the basis of species and population conservation 
have largely failed.
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Chapter 5
From Hunting to Watching: Human 
Interactions with Cetaceans

E.C.M. Parsons and Danielle Monaghan-Brown

Abstract  Whales and dolphins have been hunted since antiquity in many parts of 
the world. Although whaling started as a commercial enterprise in Europe in the 
eleventh century, it was not until the seventeenth century that the industry 
expanded rapidly. Early whaling targeted right and bowhead whales and then 
shifted to sperm whales. Technological developments in the nineteenth century 
allowed other species to be exploited, and at the end of the century, the possibili-
ties of whaling in the Antarctic were realised. Nearly three million whales were 
killed in the twentieth century, with several populations reduced to 5% of their 
historical size, or less. The International Whaling Commission was established in 
1946 and manages whaling, and it introduced a whaling moratorium in 1982. 
Despite this moratorium whales are still caught by Norwegian, Icelandic and 
Japanese whalers. Indigenous communities are given quotas to hunt whales, 
although not without some controversy. Small cetaceans are also hunted, by 
indigenous communities, and there are sizeable hunts in several locations such as 
Peru, the Faroe Islands and Japan. Human interactions with cetaceans also include 
indirect interactions via pollutants. One type of interaction for which there is 
growing concern is whale and dolphin watching. Despite many locations having 
guidelines or regulations to minimise the impacts of this type of tourism, compli-
ance is often low. However, if properly managed, whale watching could be an 
economically valuable, non-consumptive, use of living whales as a resource by 
humans.

E.C.M. Parsons (*) • D. Monaghan-Brown 
Department of Environmental Science & Policy, George Mason University,  
Fairfax, VA, USA
e-mail: ecm-parsons@earthlink.net

mailto:ecm-parsons@earthlink.net


68

5.1  �The History of Whaling

Bones of dolphins at an archaeological site in the Sea of Japan suggest that hunting 
of cetaceans began in this region before 2000 BC (Hiraguchi 1992; Aikens et al. 
2009). In addition, harpoons from Pacific coast sites and the East China Sea, as well 
as cetacean-related relics of whaling that have been found in Hokkaido, Japan, show 
that whaling has been established in this region for well over a thousand years 
(Yamaura 1998). Commercial whaling where whale products became a trade com-
modity (rather than a local subsistence activity) did not develop until the seven-
teenth and eighteenth century in Japan, and even then, it was on a small scale and 
limited to small localised regions (Takahashi 1992; Osumi 2003). Large-scale com-
mercial whaling and widespread consumption of whale meat did not begin in Japan 
until after the Second World War, and it did so at the urging and behest of the US 
occupying forces, particularly US General Douglas MacArthur (Scott 1999), as 
whale meat was considered to a means to ensure food security for a post-war 
Japanese population.

Alaska also has a long history of whaling: the Inuit have hunted cetaceans for 
over 1000 years (Whiteridge 1999). Due to this long association, whaling has an 
important role in the culture of native Alaskans, and various ceremonies and tradi-
tions are involved with the hunt (Freeman 2005). For example, the skull of a hunted 
whale should be ceremonially returned to the sea to ensure the immortality and 
reincarnation of the whale and, thus, future hunting success.

In ‘Dark Age’ (early mediaeval) Britain, Anglo-Saxons frequently used whale 
materials and hunted coastal species (Gardiner 1997; Gardiner et al. 1998), particu-
larly the Atlantic grey whale (Eschrichtius robustus, Atlantic subspecies, extinct). 
Unfortunately, this particular (sub)species was so accessible to hunters that it had 
become extinct in the Late Middle Ages (c. 1500s; although persisting in the west-
ern Atlantic until the seventeenth century; Mead and Mitchell 1984; Bryant 1995). 
During the same early mediaeval period, Nordic settlers commonly used whale 
products from hunted and stranded whales. The use of whale (and other marine 
mammal) parts is particularly prevalent in archaeological materials from the Western 
and Northern Isles of Scotland (Szabo 1997). The Norse were so active, a group of 
whale hunters that the Speculum Regale (the King’s Mirror), a Nordic saga from the 
mid-thirteenth century, listed 20 species of whale around the coast of Iceland (Mead 
and Mitchell 1984).

By the eleventh century, the Basque people from the coasts of Spain and France 
had begun whaling, and by the end of the twelfth century, they had expanded this 
into a substantive commercial enterprise (Ellis 1991). They primarily hunted North 
Atlantic right whales (Eubalaena glacialis) in the Bay of Biscay. The right whale 
was so named because it was the ‘right’ whale to hunt—it gave a high yield of oil 
and floated when dead and, thus, could be towed alongside the whaling vessel after 
it had been killed. The Basques used every part of the whales they hunted, including 
their bright orange faeces (thanks to a high level of carotenoid pigments in their 
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copepod prey), which in fact was used as fashionable dye for clothes (Parsons et al. 
2012). When whale catches declined, the Basques turned their attention to the 
northwestern Atlantic and by the 1530s were hunting North Atlantic right whales 
and bowhead whales (Balaena mysticetus) off the Atlantic coast of Canada 
(Barkham 1984).

In the 1610s, the UK sent whaling ships to Spitzbergen, Norway (Purchas 1625), 
and these were followed soon after by Dutch vessels. The focus species for these 
hunts were also bowhead whales. On the east coast of the USA, although indige-
nous populations had probably hunted cetaceans to a small extent, it was European 
colonists that had an interest in whales as a resource. First, stranded whales were 
utilised for their oil and baleen, and then in the late 1640s–1950s, colonist began to 
conduct boat-based operations from shore (Dolin 2008). North Atlantic right 
whales were the major target species initially. Sperm whaling allegedly began 
when Captain Christopher Hussey was blown offshore and caught a sperm whale 
instead of the typical right whales (Hawes 1924). Sperm whaling started to expand 
and by 1755 a factory specifically to process sperm whale oil was founded in New 
Bedford, Massachusetts (Ommanney 1971). A rapidly expanding ‘Yankee’ whaling 
fleet was curtailed by the American War of Independence (an oil-filled whaling ves-
sel could make a valuable prize for a British naval officer), and by 1812 most of the 
whaling fleet had been destroyed (Ommanney 1971). However, subsequently sperm 
whaling activity began to expand again until its height in the 1850s, when the 
advent of kerosene rapidly began to make whale oil redundant (Ommanney 1971; 
Dolin 2008).

Sperm whales were sought because the waxy spermaceti organ in the foreheads 
gave a large yield of high-quality oil—this oil was used for a variety of purposes 
including lubricating the latest mechanical inventions such as ships’ chronometers 
(which allowed longitudes to be calculated; Sobel 2005) and for soot-free oil lamps. 
The latter were particularly sought after in the eighteenth and early nineteenth 
centuries due to the fashion for wallpaper (often imported from Europe at great 
expense)—sperm whale oil lamps did not leave dirty sooty streaks on the 
wallpaper.

5.2  �The Development of Modern Whaling

The Norwegian Svend Foyn (1809–1894) is often referred to as the ‘father’ of mod-
ern whaling (Ellis 1991). An ex-seal hunter, Foyn noted in the 1860s the abundance 
of large whales he saw on sealing trips, saying ‘God had let the whales inhabit 
[these waters] for the benefit and blessing of mankind and, consequently, I consider 
it my vocation to promote these fisheries’ (Ellis 1991).

Previously when whales were captured, handheld harpoons attached to ropes 
were cast from small rowboats. The whales, once secured, were dispatched via 
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stabbing with a lance. As one could imagine, this was hardly a humane method 
of killing, and it also put the crew of the flimsy wooden whaling boats in much 
peril. However, in the 1850s the technology of whaling began to develop rapidly 
(Schmitt et al. 1980; Tonnessen and Johnsen 1982; Ellis 1991):

•	 1952—the first explosive harpoon (the bomb lance) was developed.
•	 1857—saw the first UK whaling boat powered by a steam engine.
•	 1859—the first purpose-built steam-powered whaling ship was manufactured 

(although catching of whales still done from rowing boats).
•	 1861—American Thomas Welcome Roys develops his ‘whaling rocket’.
•	 1863—Sven Foyn built the first steam-driven whaling schooner (a whale-

catching boat).
•	 1865—the development of a more accurate exploding harpoon.
•	 1868—the cannon-fired explosive harpoon was invented.

The design of the grenade-tipped explosive harpoon has changed little since 
1868, and harpoons used on whaling vessels in the present day closely resemble 
their Victorian predecessor. Quicker whaling vessels combined with more powerful 
weaponry meant that previously unharvested whales, such as the 25  m, fast-
swimming fin whale (Balaenoptera physalus), could now be hunted.

5.3  �Antarctic Whaling

Antarctic whaling began after a Scottish expedition ventured to the Falkland Islands 
in 1892–1893 (Watson 2004). The organisers of the expedition had speculated that 
as there had been an abundance of whales in the Arctic, perhaps the southern polar 
regions similarly had an abundance of cetaceans. Although this expedition did not 
actually catch any whales, the discovery of large numbers of these animals around 
the Subantarctic Islands and the Antarctic Peninsula—by this expedition and a fol-
lowing Norwegian expedition led by Carl Anton Larsen—highlighted the possibili-
ties of Antarctic whaling (Fig.  5.1). Despite an 1895 warning by the illustrious 
Royal Geographic Society that ‘it would be futile to start whaling in the Antarctic; 
a great number of the large whales had thin blubber and short baleens and it was not 
worth the whaler's time catching them’, evidence of abundant whale populations 
around Antarctica inspired the establishment of shore-based whaling stations and 
the start of extensive commercial whaling in the Southern Ocean (Backovic 2013). 
The Island of South Georgia, in particular, was a major hub in the Antarctic whaling 
industry at this time, with the first station being established there, at Grytviken, by 
Larsen.

In 1925, the launch of the Lancing, the first whaling factory ship, led to a dra-
matic change in Antarctic whaling activities. These oversized vessels allowed for 
slaughtered whales to be processed at sea, and whaling fleets no longer had to waste 
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Fig. 5.1  Deserted whaling station, Deception Island, Antarctica. Image credit: Chris Parsons

time by returning to shore-based factories and processing plants (Clapham and 
Baker 2002). This greatly increased the whalers’ hunting range and the whales’ 
accessibility. For the first time, hunting the substantial numbers of animals inhabit-
ing Antarctic waters—beyond the Antarctic Peninsula and Southern Ocean islands—
became an economic viability.

A development in 1929 led to a strange new market for whale oil. The chemical 
process of hydrogenation had been discovered in the mid-nineteenth century, and 
this allowed fishy-tasting, liquid whale oil to be turned into solid margarine. 
However, refinement of this process resulted in a palatable whale-oil margarine that 
melted at body temperature, namely ‘on the tongue’ (Tonnessen and Johnsen 1982). 
The demand increased for margarine, and thus whale oil, especially during post-war 
years. By 1960, 17% of the fat used in margarine production came from whale oil. 
Strengthened by advances in vessel technology and weaponry, at its peak, commer-
cial whaling was dangerously productive. Between 1904 and the end of the Second 
World War, 1.1 million whales were killed globally (Rocha et  al. 2014). By the 
1980s, the industry had led to the harvesting of an enormous number of whales of a 
variety of species, including the slaughter of approximately 350,000 blue whales, 
700,000 fin whales, 1,000,000 sperm whales and 250,000 humpback whales 
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Fig. 5.2  Humpback whales (Megaptera novaeangliae) in Antarctica. Image credit: Chris Parsons

(Megaptera novaeangliae) (Fig. 5.2), and hundreds of thousands of other species 
such as right whales, bowhead whales, sei whales (Balaenoptera borealis) and 
northern (B. acutorostrata) and Antarctic minke whales (B. bonaerensis) (Whitehead 
2002; Clapham and Baker 2002). Such vast numbers of whales were taken that the 
estimated worldwide blue whale population was reduced to perhaps less than 1% of 
its original pre-whaling abundance—at one time there may have been only 3000 
blue whales left in the world—and several populations were similarly reduced to 
less than 5% of their historical levels (Laws 1977; Regenstein 1985; Rocha et al. 
2014). From the establishment of the first South Georgia whaling station in 1904 to 
2000, 2.9 million whales were killed (Rocha et al. 2014).

5.4  �The International Whaling Commission

As early as 1931, whalers began to notice that some whale species were declining 
in numbers (Clapham and Baker 2002). In a bid to manage whale stocks, several 
whaling countries joined forces to enact first of all the Convention for the Regulation 
of Whaling and then the more significant International Convention for the Regulation 
of Whaling. This latter treaty led, in 1946, to the formation of the International 
Whaling Commission (IWC), an international forum that is still the main authority 
for the control of whaling and the management of whale stocks (Maffei 1997). As 
whale populations succumbed to exploitation, the IWC began to introduce whaling 
bans on each species one by one:

•	 1931—Bowhead whales (Balaena mysticetus)
•	 1935—Southern (Eubalaena australis) and northern right whales (E. glacialis)
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•	 1946—Grey whales (Eschrichtius robustus)
•	 1966—Humpback whales (Megaptera novaeangliae)
•	 1966—Blue whales (Balaenoptera musculus)
•	 1979—Sei whales (Balaenoptera borealis) [except in Iceland]
•	 1984—Sperm whales (Physeter macrocephalus)

Despite whaling bans, a large numbers of whales were taken illegally, for exam-
ple, Soviet whalers conducting illegal catches decimated the North Pacific right 
whale (now recognised as Eubalaena japonica), despite right whale species being 
protected by the IWC (Ivashchenko and Clapham 2012). Over 30 years of illegal 
whaling, Soviet vessels took nearly 179,000 whales that were not reported to the 
International Whaling Commission (Ivashchenko and Clapham 2014). Illegal 
catches were also conducted by Japanese whaling vessels in the North Pacific, until 
the IWC introduced an international observer system in 1972 (Ivashchenko and 
Clapham 2015).

Whale stocks had become so depleted, and public opinion was so strongly 
opposed to the continuation of commercial whaling, that in 1982 the IWC voted for 
a global commercial whaling moratorium (effectively a zero quota for whaling)—
this ban eventually came into effect in 1986 (Maffei 1997). Despite the restriction, 
over 40,000 whales have been killed in hunts since the moratorium was passed 
(IWC 2016a, b).

Why are whales still being hunted when a moratorium has been put in place? 
One reason is that countries that do not agree with the moratorium are not required 
to comply with its guidelines (Clapham and Baker 2002). When the moratorium 
was enacted, Norway lodged a ‘reservation’ to the moratorium. Norway is, there-
fore, not bound by the ban and currently takes an average of 650 northern minke 
whales per year (Glover et al. 2012), catching a total of 736 in 2014 (IWC 2016b). 
Iceland likewise hunted whales under a ‘reservation’ taking a further 24 minke 
whales and 137 fin whales (IWC 2016b) (Fig. 5.3). Their actions are technically 
legal, albeit in the face of criticism and condemnation from the majority of IWC 
member nations. Japan signed the whaling moratorium; however, it takes advan-
tage of a loophole that allows for whales to be killed for scientific research. As a 
result, in 2014 Japan took 81 northern minke whales, 90 sei whales and 25 Bryde’s 
whales (Balaenoptera edeni) in the North Pacific and 252 Antarctic minke whales 
in the Southern Ocean in the 2013/2014 austral (Southern hemisphere) summer 
(IWC 2016a).

The integrity of research whaling and its relevance to the scientific community 
has been questioned by the IWC’s own scientists (Clapham et  al. 2003, 2006). 
Although some blubber and stomach content samples are taken, the meat from the 
whale is then processed and sold in markets. While the Japanese government may 
state that whaling is an important economic activity for coastal communities and 
that scientific whaling provides important scientific data (Hirata 2005) (Figs. 5.4 
and 5.5), the real reasons why the Japanese government continues to conduct whal-
ing is arguably less about whales as a food resource but more about the politics of 
marine resource extraction and national pride (Parsons 2015).
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Fig. 5.3  Fin whale (Balaenoptera physalus) hunted at sea and brought ashore for flensing (cutting 
up the carcass) in Iceland, 2013. Image credits: WDC, Whale and Dolphin Conservation
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Fig. 5.4  Japanese grenade-tipped harpoon fired from the whaling vessel Yushin Maru. Image 
credit: Jeremy Sutton-Hibbert

Fig. 5.5  Minke whale (Balaenoptera acutorostrata) showing movement and, thus, showing that it 
is still alive at the time of this photograph, being hauled up by the harpoon line to the whaling ves-
sel Yushin Maru. Image credit: Jeremy Sutton-Hibbert
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In 1994, the IWC designated the Southern Ocean Sanctuary, which includes the 
waters surrounding Antarctica (Fig. 5.6), as a ‘whale sanctuary’. Within this sanctu-
ary area, commercial whaling is prohibited regardless of the existence or non-
existence of the moratorium (Zacharias et al. 2006). Despite this, Japan continued 
to hunt whales in the Antarctic for ‘scientific purposes’ which they consider to be 
exempted from the sanctuary’s ban. However, in 2014, the UN’s International Court 
of Justice (in a case brought by Australian and New Zealand governments) ruled 
that Japan’s Antarctic ‘scientific whaling programme’ was not scientific research, 
but effectively commercial whaling (Clapham 2015; Parsons 2015). It therefore 
violated the Southern Ocean Sanctuary and the International Court of Justice 
ordered the Japanese government to cease their whaling programmes. Japan ini-
tially said that it would abide by the court’s ruling, but has subsequently resumed 
whaling around Antarctica (Clapham 2015; Parsons 2015).

Fig. 5.6  Whale bones derived from whaling activity at Hannah Point whaling station, Antarctica. 
Image credit: Chris Parsons
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5.5  �The Revised Management System

The whaling moratorium was enacted as a precaution to allow whale stocks to 
recover and prevent commercial whaling, theoretically until a sustainable quota sys-
tem could be put in place. This quota system is called the Revised Management 
System (RMS) (Clapham and Baker 2002). In order for the RMS to be successful, 
there needs to be accurate information on the number of animals in each whale 
stock and accurate information on how many whales are/have been harvested.

Some antiwhaling countries and environmental NGOs want the IWC to accept 
the RMS and allow commercial whaling under the new quota system. Their hope is 
that the RMS will produce quotas smaller than the number of animals currently 
being taken by Norway and Japan. However, this does assume that the quotas allot-
ted are sustainable and that the quotas are strictly adhered to, amongst other assump-
tions. Therefore, many animal welfare and environmental NGOs are opposed to any 
resumption of commercial whaling, whether under the RMS or not.

Scientists are still arguing about the accuracy of sighting surveys and numbers 
of animals. For example, recent circumpolar whale surveys estimated only 40% 
of the number of minke whales documented in the previous survey (Branch and 
Butterworth 2001). Why was there such a massive decrease in whale numbers? 
No one knows. Were previous surveys incorrect and the recent surveys more 
accurate? Is the decline real, perhaps the result of climate change impacting 
Antarctic minke whales and/or their prey? Under IUCN red list criteria, an actual, 
observed or implied 50% decrease of whales within a 10-year period would make 
the species ‘endangered’ (IUCN 2001); therefore, theoretically, Antarctic minke 
whales could be considered to be endangered, yet such a listing has not been 
made, to date.

5.6  �Killing Methods

An additional controversy is the method used to kill whales, which has largely unre-
fined since the development of the cannon-fired harpoon by Svend Foyn (noted 
above). Detonation of a grenade at the tip of the harpoon is supposed to cause a 
percussive shock that renders the target whale immediately unconscious. Concerns 
over suffering of hunted whales led the IWC to form a working group in 1982 on 
“Whale Killing Methods and Associated Welfare Issues”, to discuss whether or not 
whale-killing methods were humane. The IWC’s definition of humane killing was 
agreed as “death brought about without pain, stress or distress perceptible to the 
animal”. To monitor this whalers are, for example, requested to record times to 
death (or TTD), or instantaneous death rates (IDR), of whales after being har-
pooned. However, in 1993 only 54% of northern minke whales hunted by Norwegians 
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were rendered immediately immobile (and presumed stunned/unconscious) (Øen 
2001). By 2000 this had risen to approximately 80% (Øen 2001), but it still meant 
that 20% of whales were not immediately rendered insensible, and thus animals 
could have been suffering significantly (Knowles and Butterworth 2006). In the 
2002/2003 Antarctic hunt, approximately 60% of whales killed were recorded as 
not dying ‘instantaneously’ (Ishikawa 2003). In Greenlandic aboriginal whaling 
hunts (described below), instances of northern minke whales taking 5 h to die were 
reported in 2002 (Anon 2003), and time to death of up to 12 h have been reported 
for fin whales.

5.7  �Aboriginal Whaling

Some Indigenous communities who demonstrate a traditional, nutritional and cul-
tural need, such as the previously mentioned Inuit of Alaska, are permitted to hunt 
a specific quota of whales by the IWC, in order to maintain their historical traditions 
and lifestyles. This currently occurs in the Russian Federation, Greenland (a protec-
torate of Denmark), Bequia (St. Vincent and the Grenadines) and in the USA (see 
Table 5.1).

Although many have sympathy towards some forms of aboriginal whaling, it can 
become a contentious issue. For example, in Barrow, Alaska, the Inupiat and Yup’ik 
have hunted bowhead whales for over 2000 years (Krupnik and Bogoslovskaya 
1999). As a result, they are allocated an aboriginal whaling quota of approximately 
60 whales. This hunt has been controversial because bowhead whales are consid-
ered to be endangered under US law. Moreover, the hunt does not involve traditional 
methods: exploding harpoons, spotter planes and motorised/speed boats are all used 
during the hunt (Reeves 2002). However, these nontraditional methods ultimately 
mean the hunt is more humane (with less time taken for the whale to die than would 
occur using traditional methods) and the hunt would also likely be safer for human 
participants. After the meat is used by the local community, small amounts of whale 
bone and baleen can be taken and carved into crafts, which in turn could be sold to 
the general public.

Table 5.1  Whale species taken under aboriginal whaling, as prescribed by the IWC

2011 2012 2013 2014

Greenland (Denmark) Fin whale 5 5 9 12
Humpback whale 8 10 8 7
Northern minke whale 189 152 181 157

St. Vincent and the 
Grenadines

Humpback whale 2 2 4 2

Russia Grey whale 128 143 127 124
Bowhead whale 1

USA Bowhead whale 51 69 57 53
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A somewhat more controversial situation occurred with the Makah from Washington 
State, USA (Jenkins and Romanzo 1998). In 1996, the Makah appealed for an aborigi-
nal whaling quota of grey whales (Eschrichtius robustus) which initially was rejected. 
In 1997, however, they issued a joint proposal to the IWC with the Chukotka people of 
Russia (IWC 1998). It should be noted that this was controversial as the Makah have 
not actually hunted whales since 1926 (Reeves 2002), and many argued that as a result, 
there was no subsistence nutrition need for the Makah to hunt the whales. Moreover, 
the hunt is supposed to be traditional but today the Makah use nontraditional methods: 
the hunters use speed boats and assault rifles (Kemmerer 2004).

Japan and Norway also tried to gain a quota of whales for ‘small-type community-
based coastal whaling’. They suggested that this type of whaling was similar to 
aboriginal whaling. They also suggested that the ‘village’ communities that would 
conduct this whaling were both small and impoverished (Hirata 2005). One of these 
whaling ‘villages’ is Shimonoseki—with a population of over a quarter of a million 
people, roughly half that of Washington, DC—as well as being a major port 
(Hidekazu 2013). Moreover, the type of whaling vessels operating from this ‘vil-
lage’ would be large, deep-draft, Antarctic-style whale catcher ships, hardly compa-
rable to the small vessels used by several aboriginal whaling groups.

5.8  �Hunting Small Cetaceans

‘Small cetacean’ is a term that includes all toothed whales (except sperm whales) as 
well as dolphins and porpoises. It has been argued by some member nations that 
hunts for small cetaceans are not covered by the IWC, and the IWC should restrict 
itself to the management of baleen and sperm whales only, although other nations 
argue that small cetacean management is within the competence of the IWC. Several 
countries conduct hunts of small cetaceans, but because of the dispute at the IWC 
over competency, there is currently no international forum or organisation that is 
governing or managing these hunts.

At present, Russia, Canada, Greenland and the USA all conduct hunts of beluga 
whales (Delphinapterus leucas) and narwhals (Monodon monoceros) (Table 5.2). 
The products of these hunts are blubber and meat which are taken for human and 
sled dog consumption. Moreover, the tusks of the narwhals are used for tent poles, 
sled runners and lance shafts and sold as curios to tourists (Reeves 1992).

Table 5.2  Approximate 
numbers of small cetaceans 
taken in whaling hunts

Country Species Number hunter per year

Russia Beluga whale 2000
Canada Beluga whale 2000

Narwhal 1000
West 
Greenland

Beluga whale 200
Narwhal 1000

Alaska Beluga whale 200
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5.9  �The Faroe Island Hunt

The Faroe Islands are situated north and west of the Shetland Isles and are an inde-
pendent protectorate of Denmark. Hunts of long-finned pilot whales (Globicephala 
melas) have been conducted in the Faroes since 1584 and are ongoing. The methods 
used in these hunts have changed little since the mediaeval times: pilot whales are 
driven into bays by boats; hooked gaffs are driven into their blowholes and used to 
drag the animals to shore; the heads of the live whales are then sawn off with 
machete-like knives (Gibson-Lonsdale 1990; Fielding 2010). This has led to con-
siderable concern about whether the hunt is inhumane. From 1709 until the present 
day, over 250,000 pilot whales have been killed in this hunt, with an average of 
1200/year being taken over the last 10 years (Wade et al. 2012).

Claims are made that, despite concerns about welfare aspects of the hunt, it is an 
important part of Faroese culture and an essential component of the islander’s nutri-
tion. However, the Faroe islanders have an extremely high standard of living (aided 
by revenue from oil exploration and extraction in nearby waters), and moreover 
whale meat carries health warnings due to high levels of toxic mercury, cadmium and 
organochlorines (PCBs and pesticides) (Simmonds et al. 1994; Weihe et al. 1996).

Currently the largest commercial hunts for small cetaceans occur in Peru and 
Japan.

5.10  �Peru

As recently as a decade ago there were active hunts for dolphins and porpoises origi-
nating from 60 ports in Peru and taking approximately 20,000 animals annually. The 
casualties of this hunt were mostly dusky dolphins (Lagenorhynchus obscurus) and 
Burmeister’s porpoises (Phocoena spinipinnis) which were taken for human con-
sumption and to be cut up for fishing bait (Alfaro-Shigueto et al. 2008). In 1990, 
these catches were banned, but due to lack of enforcement, the ban had little effect. 
In 1996, due to international pressure and media attention, enforcement of the ban 
improved, although catches of small cetaceans still continue (Majluf et al. 2002).

5.11  �Japan

Likely the most prolific hunter of small cetaceans, Japan currently hunts for 16 differ-
ent species. These include 50 Baird’s beaked whales (Berardius bairdii) per year, 
hunted with explosive harpoons (Butterworth et al. 2013); Pacific white-sided dol-
phins (Lagenorhynchus obliquidens); and approximately 12,000 Dall’s porpoises 
(Phocoenoides dalli) per year, which are killed with small handheld harpoons (Kasuya 
2007). In addition, Japanese drive fisheries (when animals are driven into bays and 
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inlets by fast boats and slaughtered on the shore) take striped dolphins (Stenella coe-
ruleoalba), Risso’s dolphins (Grampus griseus), bottlenose dolphins (Tursiops trun-
catus), pantropical spotted dolphins (Stenella attenuata), short-finned pilot whales 
(Globicephala macrorhynchus), false killer whales (Pseudorca crassidens) and killer 
whales (Orcinus orca) (Brownell et al. 2008). Animals killed in drive fisheries and 
commercial hunts are mainly rendered down to produce fertilisers and animal and 
fish feed—with a small fraction being sold for human consumption and with some 
animals taken for dolphinariums and aquariums (Shoemaker 2005; Kasuya 2007).

5.12  �Cetacean Culls

Commercial whaling and hunts are not the only cause of death for cetaceans at the 
hands of humans. Despite lack of suitable evidence, marine mammals are often used 
as a scapegoat for declining fisheries, and as such cetaceans have often been culled for 
this reason (Plaganyi and Butterworth 2002). For example, culls of cetaceans have 
been conducted in the Black Sea since the 1800s. It was estimated that between 1931 
and 1941, 50,000 small cetaceans were being culled each year (Birkun 2002). Other 
specific examples of cetacean culls include beluga whales bombed in Quebec, Canada, 
between 1920 and 1930 (Brennin et al. 2007) and killer whales being machine gunned 
and depth charged in Iceland in 1956 (Sigurjonsson 1984); and as recently as the 
1980s, killer whales were culled with guns and explosives in Alaska (Ford et al. 2000).

5.13  �Pollution

One of the most insidious and widespread threats to cetacean populations is marine 
pollution. Pollution comes in a variety of forms including industrial waste, agricul-
tural chemicals, sewage, radioactive discharges, litter, oil and noise. Cetaceans 
occupy a high trophic level and as such are particularly susceptible to contaminants. 
Small concentrations of these contaminants can accumulate and become magnified 
higher up the food chain.

One class of pollutant that is of particular concern to cetaceans are organochlo-
rines (e.g. PCBs and pesticides such as DDT). Other pollutants of concern include 
mercury, tributyltin (TBT) and polyaromatic hydrocarbons (PAHs). Many of these 
pollutants are immunosuppressive, damaging the immune system making cetaceans 
more susceptible to disease (Jepson et al. 2005; De Guise et al. 1995; Fossi and 
Marsili 2003). Organochlorines, in particular, are hormone mimics and can cause 
infertility, foetal abnormalities, mental retardation and growth abnormalities 
(Reijnders 2003). PAHs are carcinogenic and can cause DNA damage and malignant 
tumour growth (Misaki et al. 2015). DDT and mercury can be directly toxic, caus-
ing terminal neurological damage (Clarkson 1987; Irwin 2005). Many of the pollut-
ants mentioned above are lipid soluble and accumulate in the blubber layer of 
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cetaceans. While in the blubber layer, the pollutants are effectively inert; however, 
they can be mobilised in periods of low food availability, stress or disease or 
pregnancy and lactation. During the latter, lipid-soluble pollutants can be passed to 
the offspring both in the womb and, in particular, via lactation (Borrell 1993). 
Therefore, young cetaceans have been found with extremely high-contaminant bur-
dens. These elevated levels have been linked to increases in calf mortality. To put the 
seriousness of the situation in context, cetaceans in the St. Lawrence Estuary 
(Canada) and Hong Kong have been found that are so contaminated with organo-
chlorines that their tissues technically could be classified as toxic waste (Waldichuk 
1989; Parsons 2004).

5.14  �Tourism

A growing threat to cetaceans is tourism. Commercial whale watching1 first began 
in 1955 with a Californian fisherman offering US$1 trips to see grey whales 
(Eschrichtius robustus) (Hoyt and Parsons 2014). It has subsequently grown into an 
international industry worth over US$2.1 billion (Hoyt 2009; O’Connor et al. 2009). 
The industry could arguably be worth significantly more if pro-whaling nations 
turned to cetacean tourism as a nonlethal alternative to utilising whales by hunting 
them (Parsons et al. 2003; Parsons and Rawles 2003; Parsons and Draheim 2009). 
Although whale watching can have positive educational and economic impacts and 
potentially assist in the conservation of cetaceans, there are many negative effects 
(Parsons 2012). The majority of whale watching is boat based (Figs. 5.7 and 5.8), 
which has a direct impact on cetacean behaviour, often causing a reduction in bio-
logically important behaviours such as feeding or resting (Parsons 2012). As the 
whale-watching industry has expanded, vessels have become larger and faster, and 
a plethora of companies can lead to overcrowding around animals in many areas 
(Hoyt and Parsons 2014). In addition to disturbing the behaviour of whales, whale-
watching vessels can have more direct impacts, such as boat collisions with animals 
leading to injuries and/or death (Laist et  al. 2001). Noise produced by whale-
watching vessels may also smother or ‘mask’ important communication calls 
(Jensen et al. 2008). Other behavioural changes seen as a result of whale watching 
include effects on their directional movements, surfacing rates or feeding activities 
(Parsons 2012). Repeated interruptions of natural behaviours over time, and chronic 
exposure to boat noise, could lead to elevated stress levels in cetaceans, which in 
time could impact animals’ health (Orams 2004; Wright et al. 2007).

To reduce the impacts of whale-watching vessels on cetaceans, many locations have 
guidelines for boat operators. Some of the guidelines are legal, although the majority 
are only voluntary guidelines (Garrod and Fennell 2004). Even if areas have guidelines 
or regulations, however, it does not necessarily mean that they are enforced or com-

1 The term whale watching generally refers to any type of viewing activity by tourists on wild 
cetaceans, including dolphins and porpoises.
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Fig. 5.7  Watching northern bottlenose whales in Broadford Bay, Scotland. Image credit: Chris 
Parsons

Fig. 5.8  A whale-watching boat violating the US Marine Mammal Protection Act by approaching 
a blue whale too closely off the coast of San Diego. Image credit: Chris Parsons
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Fig. 5.9  A presentation on 
a whale-watching boat—
the whale watchers are 
finding out about the 
planktonic prey of right 
whales. Image credit: 
Chris Parsons

plied with. Low levels of compliance with whale-watching guidelines have been 
reported from many locations. This is despite government agencies having responsibil-
ity for management of enforcement of these guidelines, or occurs even, and despite the 
presence of international concern and scrutiny (Scarpaci et al. 2003, 2004; Lusseau 
2004; Kessler and Harcourt 2013; Sitar et al. 2016). Whale-watching researchers Brian 
Garrod and David Fennell (2004) warned that whale watching ‘is growing very fast—
several times faster than tourism more generally—and is doing so in a patchy regula-
tory environment—and that there must be concerns over its sustainability’.

It should be emphasised that in many areas whale-watching operators do act 
responsibly and are supportive of whale-watching guidelines. For example, in west-
ern Scotland, the majority of whale-watching tour operators accept and adopt codes 
of conduct, although they do express a preference for locally, or operator-produced, 
guidelines (Parsons and Woods-Ballard 2003), i.e. guidelines that are produced 
‘bottom up’ by involving local stakeholders, rather than ‘top down’ ones enacted by 
distant government authorities.

Although whale watching can have substantive impacts on cetaceans, it can be 
argued that whale watching gives an important (arguably non-consumptive) eco-
nomic value to living whales, as opposed to the value of a dead whale caught during 
commercial whaling. Moreover, if properly managed, whale watching can have 
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minimal impacts on the target species and can have positive impacts on the pubic via 
education (Fig. 5.9) and interpretation of whales and their associated ecosystems.

5.15  �Habitat Degradation

One issue that is of concern is the high rate of loss and degradation of cetacean habi-
tat caused by human activities. Many cetacean species have very precise habitat 
requirements, and if they are forced from or lose this habitat, it can have serious 
consequences for the feeding behaviours, health and viability of populations (Bearzi 
et al. 2004). Habitat loss and degradation is caused by many factors including land 
reclamation, dams and barrages, dredging, siltation, boat traffic, oil exploration 
(seismic surveys) and other noise pollution (e.g. military sonar). The issues of noise 
and habitat degradation are dealt with elsewhere in this volume (see Chap. 7).

5.16  �Concluding Remarks

Commercial whaling very nearly caused the complete extinction of several of spe-
cies of cetacean, most notably the blue whale. Despite the IWC moratorium, whal-
ing continues, and even worse, great numbers of small cetaceans are hunted without 
any regard or regulation. Despite the popularity of cetaceans and the degree of public 
sympathy of their plight, many populations are on the edge of extinction: for exam-
ple, fisheries by-catch, pollution and habitat loss have driven populations of Yangtze 
river dolphins (Lipotes vexillifer) to extinction (Turvey et al. 2007). If humans can 
drive species with such a high media profile as whales and dolphins to this fate, one 
wonders how other, less charismatic species can hope to be conserved.
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Chapter 6
Welfare Issues Associated with Small Toothed 
Whale Hunts: An Example, the ‘Drive Hunt’ 
in Taiji, Japan

Andy Butterworth, Diana Reiss, Philippa Brakes, and Courtney Vail

Abstract  In this chapter, we discuss in detail an example of a small toothed whale 
hunt, with the aim of illustrating the methods used and the welfare questions that 
can arise in these cetacean hunts. Annually in Japanese waters, small cetaceans are 
killed in drive hunts with quotas set by the government of Japan. The Taiji Fishing 
Cooperative in Japan has published the details of a new killing method utilized in 
these specific hunts that involves cutting (transecting) the spinal cord. Reports claim 
that this method reduces the time to death. The method involves the repeated inser-
tion of a metal rod followed by the plugging of the wound to prevent blood loss into 
the water. This method does not appear to lead to an immediate death. The method 
employed causes damage to the vertebral blood vessels and the vascular rete from 
insertion of the rod and leads to significant haemorrhage, but this damage alone 
would not produce a rapid death in a large mammal of this type. The method induces 
paraplegia (paralysis of the body) and death through trauma and gradual blood loss. 
We discuss in this chapter how this killing method compares to the recognized 
requirement for ‘immediate insensibility’ adopted in killing procedures utilized or 
considered acceptable in slaughter of farmed animals.
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6.1  �Introduction

It is estimated that each year within Japanese waters up to 22,000 small whales, 
dolphins and porpoises (known collectively as ‘small cetaceans’) are killed in hunts 
that involve a range of techniques. Most of these small cetaceans are killed in a 
directed hunt for Dall’s porpoises (Phocoenoides dalli), but others are taken in a 
particular category of hunt known as ‘drive hunts’ or the drive fishery (Kasuya 
2007; National Research Institute of Far Seas Fisheries 2009). Drive hunts also take 
place in other parts of the world, for example, the grindadráp (Grind) hunt of the 
long-finned pilot whales (Globicephala melas) in the Faroe Islands (Fig. 6.1). The 
main species taken in the Japanese drive hunts include common bottlenose dolphins 
(Tursiops truncatus), striped dolphins (Stenella coeruleoalba), Risso’s dolphins 
(Grampus griseus) or short-finned pilot whales (Globicephala macrorhynchus). 
These animals are herded at sea—using small fishing vessels, with underwater noise 
(this is referred to as the Oikomi method) (Brownell et al. 2008; Ohsumi 1972)—
and driven into harbours or shallow coves which have been netted off. Here they are 
sometimes held for days and then killed (Fig. 6.2).

The Government of Japan sets yearly quotas that allow for up to 2000 dolphins 
and small whales to be killed in the drive hunts (Kasuya 2007). These hunts are 
conducted for several reasons: as a means of ‘pest control’ resulting from the per-
ception that dolphins compete with local fisheries (Brownell et al. 2008; Morisette 
et  al. 2012), to obtain meat for local human consumption, and to procure live 

Fig. 6.1  Slaughtered animals on the beach after the grindadráp (Grind) hunt of long-finned pilot 
whales (Globicephala melas) in the Faroe Islands. Image credit: Hans Peter Roth
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Fig. 6.2  Japanese drive hunt. Dolphins, herded at sea using small fishing vessels, with underwa-
ter noise, are driven into harbours or shallow coves which have been netted off where they are 
sometimes held for days, and then either selected for captivity or killed. Image credits: Hans 
Peter Roth
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Fig. 6.2  (continued)

A. Butterworth et al.



95

dolphins for marine parks and swim-with-the-dolphin programmes in Japan and 
internationally. After the captured dolphins are rounded up and some selected for 
marine parks, the remaining individuals are then killed, or occasionally, released 
(Vail and Risch 2006).

In 2000, fishermen began using a new killing method which Iwasaki and Kai 
(2010) report as an improved and more humane method of killing. Until the intro-
duction of this new method, the primary tools used for killing were knives and 
spears, targeted at various parts of the dolphin or whale body. According to data 
published on the website of the Taiji Fishing Cooperative (Iwasaki and Kai 2010), 
this revised killing method—which is intended to sever the spinal cord at the junc-
tion between the occiput and first cervical vertebra—was tested from December 
2000 to February 2001. When the hunt was carried out in 2008, the technique was 
applied comprehensively to the killing of striped dolphins, and from December 
2009 a wooden wedge was driven into the wound to control bleeding and to prevent 
blood from ‘polluting’ the water (Iwasaki and Kai 2010).

The drive hunts have drawn a great deal of professional and public interest and 
concern internationally, particularly in relation to the killing methods used (Hemmi 
2011; Reiss 2010). Similar killing methods developed over the past 10 years have 
also been utilized within the Faroe Island pilot whale drive hunts (Faroese Ministry 
of Foreign Affairs, Uttanrikisradid 2011) known as the grindadrap (or grinds), and 
these developments in hunting and killing methods have informed the methods uti-
lized in the Japanese dolphin drive hunts (Iwasaki and Kai 2010). The following are 
excerpts from an English translation of Iwasaki and Kai’s original Improved Method 
of Killing Dolphins in the Drive Fishery in Taiji, Wakayama Prefecture (Iwasaki and 
Kai 2010):

Purpose: In the ‘drive hunt’ (Oikomi) in Taiji, dolphins were killed using a spear-type 
instrument (the conventional method, see below) and were harvested for food. However, in 
the Faroe Islands, methods to cut around the blood vessel plexus and cervical spine have 
been developed [the spinal transaction method: (Olsen 1999)]. This method results in a 
shorter harvest time, and is thought to improve worker safety. We report the results of the 
implementation of this method.

From December 2000 to February 2001, the spinal cord cutting method was applied to 
nine Risso’s dolphins, four striped dolphins, and two spotted dolphins and one pilot whale. 
Harvest times were recorded, using the conventional method of killing for a striped dolphin 
as a control. The criterion for the time of death was the termination of movement and 
breathing as observed by the worker (fisherman). In December 2008, the technique was 
applied comprehensively to the killing of striped dolphins. In December 2009, control of 
bleeding was attempted by driving a wooden wedge into the wound.

In their results section, Iwasaki and Kai (2010) stated that ‘The spinal transection 
method reduced the time to death’. Iwasaki and Kai (2010) also presented images 
showing the use of the rod and ‘the control of bleeding by using the wedge’. They 
describe the appropriate cutting location as follows:

Taking the width of a fist to be approximately 10cm, and based on photographs of the 
events, the appropriate cutting guide was considered to be behind the blowhole by one fist 
width for striped and spotted dolphins (10cm), one and a half fist widths for Risso’s dol-
phins (15cm), and 2 fist widths for the larger pilot whale (20cm).
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Iwasaki and Kai (2010) also report that other methods are employed in the 
killing:

Placing a vinyl sheet over the rocks facilitated the transport of the striped dolphins to the 
killing area and also the full application of the spinal transaction technique. In addition, by 
driving a wedge into the cut, bleeding was controlled. Exsanguination occurred 10 to 
30 minutes later at the time of gutting, and this did not affect the quality of the meat (for 
consumption).

Iwasaki and Kai (2010) concluded:

Harvest time was shortened, improving worker safety. Bleeding was controlled by the 
wedge, and this opens up the possibility of commercial utilization of the blood and prevents 
pollution of the sea with blood. The individual who developed the spinal cord transection 
technique has pointed out that prevention of bleeding and internal retention of blood using 
the wedge risks prolongation of the time to death. An additional review to compare time to 
death with the Faroe Islands is required.

Based on this minimal data, Iwasaki and Kai (2010) claimed that the new method 
was more humane. This claim was based on a shorter time to death (TTD) recorded 
in four species where the spinal transection technique was utilized, compared to 
only one instance where the conventional spear method of killing was used on a 
striped dolphin. TTD is defined by Iwasaki and Kai (2010) as ‘the termination of 
movement and breathing’.

6.2  �Analysis of Video of the Small Toothed Whale Hunt

In analysis of the methods used to kill toothed whales in the Taiji hunt, Butterworth 
et  al. (2013) analysed videotape footage of a striped dolphin (Stenella coeruleo-
alba) hunt conducted in Taiji, Japan, in January 2011. The hunting events visible in 
the video footage were documented, tabulated and timed using the time base avail-
able on the video material. These authors compared their observations and analysis 
to the data and assessment reported in Iwasaki and Kai (2010).

The results of the behavioural analysis of the video documentation of the killing 
method presented by Butterworth et al. are reproduced in Table 6.1. Still images 
derived from the video material were used to overlay outlines of cetacean anatomi-
cal structures in relation to the use of the rod and wooden plug (Figs. 6.3 and 6.4). 
Using external landmarks (rostrum, mouth, eye, blow hole dorsal and pectoral fins), 
it was possible for these authors to locate with some accuracy the path and track of 
the insertion of the rod (Fig. 6.3). The rod appeared to enter the skin in the midline 
of the animal and about 10 cm caudal (behind) to the blowhole. The ease with which 
the rod penetrates the tissues on the first ‘push’ suggested that it passed only through 
soft tissues at this time. The soft tissues in this location—immediately caudal to the 
skull—would be the skin, blubber, musculature of the dorsum and the suspension of 
the skull, some of these tissues being associated with the cervical vertebrae and with 
the attachments of the very large and powerful (swimming) muscles of the dorsal 
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Table 6.1  Video analysis of the timing of events during a dolphin drive hunt using the new killing 
device and procedure

Video 
timecode (s) Duration (s) Event Comment

— Prolonged 
(video does 
not capture 
start and end 
of this event)

Dolphins are secured 
by their tail fluke and 
dragged by boat

These animals are unable to swim 
effectively and so are being 
repeatedly pushed under the water by 
the action of dragging and by pressure 
of other animals tied up with them. 
The inability to control the timing of 
breathing (and enforced submersion) 
is causing profound distress and 
restricted escape movements in these 
animals. Some will be experiencing 
aspects of ‘forced asphyxiation’ due 
to their inability to reach the surface 
to breathe

02:37 Start Dolphin 1—first 
forceful insertion of 
metal rod

The rod pushes into tissues rapidly. It 
appears unlikely that this first ‘push’ 
penetrates the bone. Severing the 
spinal cord at the first attempt (as 
claimed in the description of the 
method) is not achieved at this first 
insertion

02:40–02:44 3–7 Animal moves 
strongly and 
operative redirects 
and re-forces the rod 
at multiple angles 
repeatedly pushing it 
into the animal

The animal responds strongly to the 
first insertion of the rod, and the 
operatives have to hold the animal 
whilst the operative with the rod 
redirects the rod and repeatedly 
pushes it into the animal

02:44–02:48 7–11 The rod appears to 
hit hard (bony) 
obstruction, and the 
operative pushes the 
rod at different 
angles but does not 
achieve deep 
insertion of the rod

At this point, it appears likely that the 
rod makes first contact with the 
vertebral bones of the cervical (neck) 
vertebrae. The rod clearly requires very 
significant force to push further into the 
tissues at this time. At the end of a 
period of pushing, it is possible that the 
cervical vertebrae have now been 
damaged sufficiently to allow the spinal 
cord to also be damaged by the rod

02:50 13 Insertion of the 
wooden peg

The rod is withdrawn and a wooden 
peg inserted. This is intended to 
‘reduce pollution of the sea’ with 
blood. If ‘rapid bleed out’ (as is 
required in animals slaughtered and 
killed in a slaughterhouse) is part of 
the killing process, then blocking the 
bleed out passage may slow down 
bleed out and prolong the time to death

(continued)
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Table 6.1  (continued)

Video 
timecode (s) Duration (s) Event Comment

03:17 40 Animal with wooden 
peg in puncture site 
visible

The animal is stationary at this time, 
but the wooden peg is clearly visible

03:48 71 Small vertical head 
movements

The animal starts to make regular 
rhythmic vertical head movements

04:10 93 Animal stationary The animal stops moving
04:30 113 Slow rotational 

movements of the 
body seen

The animal now makes slow regular 
rotational movements

04:33 116 Vertical head 
movements

The animal makes regular rhythmic 
vertical head movements

04:39 122 Vertical head tremor The head movements become rapid 
and repetitive

05:07 150 Major body 
movements start

The entire body now makes large-
scale regular repetitive movements

05:24 167 Major body 
movements continue 
with thrashing fluke 
causing splashing

The repetitive movements now 
include the whole body and the tail 
fluke, and this thrashing throws up 
considerable spray. Because this spray 
is interfering with the operative (who 
is now using the rod on another 
animal)—another operative puts a 
rope around the thrashing animal’s 
tail fluke. Both operatives are not 
showing attention to the movements 
of the animal other than to remove it 
from the ‘work area’

05:25 168 Operative secures 
thrashing fluke and 
drags animal away 
from other operative

The powerfully moving animal is 
dragged out of the ‘work area’—but 
its tail fluke movement brings it back 
towards the operative who is using the 
rod on another animala

05:29 172 Vigorous thrashing 
of the flukes

06:02 205 Animal motionless The animal now becomes motionless
06:36 239 Mouth visible and 

making small regular 
and co-ordinated 
opening and closing 
movements

Regular small movements of the 
mouth are visiblea

06:51 254  
(4 min 14 s)

Opening and closing 
movements of mouth 
continue—end of 
available video 
material

Regular small movements of the 
mouth are visiblea

Table with permission originally from Butterworth et al. (2013)
aIf the stated criteria for establishing time to death (termination of movement and breathing) are 
applied, then this animal has not yet achieved death
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Fig. 6.3  Dolphin skeletal and soft tissue and point of insertion of the metal rod. This image shows 
the overlay of skeletal and soft tissues on a striped dolphin (Stenella coeruleoalba). This overlay 
shows the relationship between the skeletal and soft tissues compared with the external anatomical 
features (eye, mouth, blow hole, dorsal fin and pectoral fin) and with the course and positioning of 
the metal rod. Image with permission originally from Butterworth et al. (2013)

Fig. 6.4  The use of the wooden plug in the killing process. This image shows the use of the 
wooden plug inserted in the wound after the metal rod is removed. This is done to prevent the blood 
from escaping the body. This technique will actually most probably prolong time to death. Image 
with permission originally from Butterworth et al. (2013)
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region including the longissimus and multifidus muscles (Rommel and Lowenstein 
2001). The authors report that in his region, immediately caudal to the skull are 
located portions of the rete mirabile—a specific adaptation of the vascular system of 
marine mammals which appears to function to buffer pressure (and perhaps pH and 
oxygenation levels) in blood circulation to the brain (Lin et  al. 1998; Melnikov 
1986; Nagel et al. 1968). Damage to the vertebral blood vessels and the vascular rete 
would probably lead to significant haemorrhage, but this alone would not be capable 
of producing a rapid death in a large mammal (American Veterinary Medical 
Association 2013; Anil et al. 1995; Daly et al. 1988). In the case of the use of the rod, 
after the operative has used the rod to cause tissue damage, a wooden peg was seen 
to be inserted into the hole created by the rod (see Fig. 6.4). The bony structures in 
the area which are likely to be penetrated by the rod during this procedure would 
be the spinous neural dorsal (upward pointing) processes of the cervical vertebra and 
the bony bodies of the first and second cervical vertebrae (C1, C2). Cetaceans have 
well-developed neural processes on their vertebrae as attachments for the powerful 
epaxial muscles that form part of the swimming musculature. The cervical vertebrae 
join the skull with a bony junction at the occipital bone via the occipital condyle (the 
joint with the vertebrae), and in this area the spinal nerves and spinal cord emerge 
from the skull and enter the spinal canal. The spinal cord is well protected within the 
bony bodies of the cervical vertebrae and runs in a bony tunnel with the dorsal and 
lateral processes of the vertebrae protecting it on the upper (dorsal) side and the 
vertebral body protecting it on the lower (ventral) surface. To penetrate the spinal 
canal, the rod would have to accurately enter the space between vertebrae (which 
provide overlapping bony protections) or to damage the cervical vertebral bone suf-
ficiently to allow spinal cord severance. Either of these processes, if carried out with 
a rod after passage through muscle and other tissues, is unlikely to be applied with a 
high degree of precision. It appears from the video analysis reported by Butterworth 
et al. (2013) that the approach was seen to be to push the rod hard and repeatedly 
into the tissues and that eventually this would result in very significant damage and 
trauma and lead (eventually, but not immediately) to the death of the animal.

6.3  �Item by Item Welfare Analysis of This Small Toothed 
Whale Hunt

The results of the analysis of the killing methods utilized in the Taiji dolphin drive 
hunt were reported by Butterworth et al. (2013) to be in sharp contrast and contra-
dictory to the descriptions and conclusions presented in Iwasaki and Kai (2010). 
The following points are raised by Butterworth et al. (2013) to indicate their signifi-
cant concerns with this killing method:

1.	 After being driven into a restricted area and confined, the animals are some-
times tethered to boats by their tail flukes and pulled to the killing area (Fig. 6.1, 
last image). The video shows animals that are unable to swim effectively and 
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that are being repeatedly pushed under the water by the action of dragging and 
by pressure of other animals tied up alongside. The inability to control the tim-
ing of breathing (due to forced submersion) may cause distress, and escape 
movements are evident in these animals. It is likely that some dolphins will be 
experiencing aspects of ‘forced asphyxiation’ due to their inability to control 
whether they are at the surface or forced underwater. Dolphins do have the 
capacity to breath-hold during planned diving activity and have specific physi-
ological adaptations (storage of oxygen in blood and muscle, bradycardia (heart 
slowing) and redistribution of oxygenated blood within organs to conserve the 
use of oxygen) (Williams et al. 1999). However, with repeated forced shallow 
immersion (each submersion of unknown duration and not in the control of the 
animal), it is unlikely that the dolphins would initiate (or be able to initiate) true 
deep diving responses, and so it is surmised that treatment of this type (drag-
ging and forced submersion) is likely to be very aversive. The video material 
available does not allow calculation of the duration of submersion, but it is clear 
from the behavioural responses that the animals resist this procedure and that 
some are already unconscious with their heads submerged or already dead 
(assumed drowned or suffocated by the process). This type of treatment would 
not be tolerated or accepted for commercially farmed animals being prepared 
for slaughter in the USA or Europe.

2.	 The dolphins are positioned in close proximity to each other during the killing 
process, and struggling and whistling (which is audible on the video material 
despite its remote filming origins) occur throughout the process. Dolphins are 
highly social mammals (Connor 2007) that show advanced cognition including 
self-awareness as demonstrated by their capacity for mirror self-recognition 
(Reiss and Marino 2001). They undergo a prolonged process involving not only 
the herding offshore but confinement, holding and eventual corralling to the 
shoreline, followed by killing in close proximity to conspecifics and other 
members of their social and family groups. The entire process can last many 
hours. The American Veterinary Medical Association recommendations state 
‘Euthanasia should be carried out in a manner that avoids animal distress. In 
some cases, vocalization and release of pheromones occur during induction of 
unconsciousness. For that reason, other animals should not be present when 
euthanasia is performed’ (American Veterinary Medical Association 2013). 
‘The regulations and guidelines governing the humane treatment and slaughter 
of animals in the USA and the UK ‘prohibit the killing of an animal in the pres-
ence of other animals’ (Humane Slaughter Act 2003; The Welfare of Animals 
(Slaughter or Killing) Regulations 1995). From a scientific, humane and ethical 
perspective, the treatment of dolphins in the drive hunts sharply contradicts cur-
rent animal welfare standards employed in most modern and technologically 
advanced societies.

3.	 The use of ‘termination of movement’ (Iwasaki and Kai 2010) as the determi-
nant time of death in an animal with a transected spinal cord is not a credible 
measure of death for a mammal. Immobility (termination of movement) will be 
the natural final consequence of severance of the spinal cord; however, in any 
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mammal (including humans), severing the spinal cord does not immediately 
lead to death, and this is apparent in the continued life of many human and 
animal patients following spinal injury. Evaluation of death when livestock are 
slaughtered is based on the cessation of central neurological function and respi-
ratory activity or that the animal has been effectively exsanguinated (bled out) 
(American Veterinary Medical Association 2013; Commission of the European 
Communities COM 2006; FAO Animal Production and Health 2004; Humane 
Slaughter Association 2001).

4.	 Termination of breathing (Iwasaki and Kai 2010) is not (in the short term and 
certainly in the periods described in the translation above) an appropriate indi-
cator of death in marine mammals, which have enormous capacity for breath-
holding (Joulia et al. 2009), with dives of up to 40 min recorded in some of the 
dolphin species (Miller et al. 2006; Noren and Williams 2000; Snyder 1983; 
Kooyman et  al. 1999). The striped dolphin does not usually breath-hold for 
periods of longer than 15 min, and Iwasaki and Kai (2010) claim that death can 
be assessed after breathing has stopped for as short a period as 5 (Risso’s dol-
phin), 8 (spotted dolphin) or 25 (pilot whale) seconds. These periods (times of 
up to 25 s) are well within the ‘breath-holding’ capacity of many mammals and 
a very short breath-hold for a marine mammal.

5.	 The sample size for the ‘control’ animal (one striped dolphin) described in the 
paper proposing the method (Iwasaki and Kai 2010) is unlikely to be sufficient 
to draw any meaningful conclusions, particularly in light of the availability of a 
large number of animals to study for these authors.

6.	 The method describes the times taken for an animal to die (as defined using 
termination of movement and breathing) to be as short a period as 5 (Risso’s 
dolphin), 8 (spotted dolphin) or 25 (pilot whale) seconds—with average times 
of 13.7 (Risso’s dolphin), 9 (spotted dolphin) or 25 (pilot whale) seconds. The 
data derived from the analysis of a striped dolphin killed using the rod (Table 6.1) 
indicates that the animal was still moving after 254 s (4 min 14 s). The disparity 
between the published results (Iwasaki and Kai 2010) and those from this obser-
vation based assessment is considerable and calls into question the confidence 
that can be attributed to the data provided in the Iwasaki and Kai (2010) report.

7.	 Damage to the vertebral blood vessel and the vascular rete from insertion of the 
rod will lead to significant haemorrhage, but this alone would not produce a 
rapid death in a large mammal. After the operative has used the rod to cause 
tissue damage, a wooden peg is inserted into the hole created by the rod (Iwasaki 
and Kai 2010). It is likely that this would impede bleeding and so it is also pos-
sible that this process prolongs the time for the animal to die (Katsura et al. 
1994). This risk is acknowledged by Iwasaki and Kai (2010) who state—‘The 
person who developed the spinal cord transection technique has pointed out 
that prevention of bleeding and internal retention of blood using the wedge 
risks prolongation of the time to death’. This calls into question the contention 
that this new killing method results in reduced TTD.

8.	 Analysis of the video evidence suggests that the operator must make repeated 
‘pushes’ of the rod into the tissues close to the back of the skull. The video 
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shows the animal making vigorous movements during the insertion of the rod 
and subsequently making powerful muscular movements at times after the rod 
has been withdrawn. This evidence strongly suggests that the method is imme-
diately invasive and distressing and does not bring about immediate insensibil-
ity, as the brain itself remains unaffected. Complete and rapid (immediate) cord 
transection could result in destruction of sensory (pain) pathways, but what is 
observed in the animals studied is neither immediate nor appears to induce 
effective and assured cord transection, and so there can be no assurance that 
pain elimination is achieved. After a period of violent insertion of a rod into 
sensitive tissues, the animal becomes paraplegic (paralysis of the body) and 
dies through trauma and gradual blood loss. This method of killing does not 
conform to the recognized requirement for ‘immediate insensibility’ and would 
not be tolerated or permitted in any regulated slaughterhouse process in the 
developed world (American Veterinary Medical Association 2013; Commission 
of the European Communities COM 2006; Food and Agriculture Organization 
Animal Production and Health 2004; Humane Slaughter Association 2001).

9.	 Rapid exsanguination is usually required after stunning for either humane 
slaughter or euthanasia. The method described in this paper is not designed 
primarily for bleed out—in fact, the use of the wooden plug will, to a degree, 
reduce the capacity for bleeding from damaged blood vessels. This method 
appears to be primarily focused on causing gross neural tissue damage to the 
spinal cord and potentially the brainstem. This will cause, initially, immobiliza-
tion and eventually death due to lack of co-ordination of respiratory and motor 
function. The method described does not conform to any recognized mecha-
nism for bringing about death in accepted humane slaughter or euthanasia prac-
tice in large mammals.

	10.	 The results presented in this paper provide strong evidence that the claims 
regarding the improved killing method described in Iwasaki and Kai (2010) are 
not substantiated. Also, this killing method cannot be considered humane as it 
does not fulfil the recognized requirement for immediacy and in fact may result 
in a prolonged aversive application of a violent and traumatic physical process 
followed by slow death by spinal paralysis and blood loss. This method would 
not be recognized or approved as a humane or acceptable method of killing for 
mammals in any setting.

6.4  �Discussion of the Video Analysis Findings

Because the hunts are extremely controversial and hidden beneath tarpaulins that 
are pulled over the shoreline of the killing cove, independent video footage docu-
menting the killing method can only be obtained through remote surveillance from 
public spaces. New tarpaulins and other visual obstacles had been constructed dur-
ing the 2011 hunting season, further limiting access to viewing points around the 
killing cove. The video independently documenting the killing method used for this 
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analysis was procured from an investigative journalist representing Atlantic Blue, a 
German organization. The authors were provided with two clear video accounts of 
the killing method being utilized in December 2009 and January 2011. Because the 
video footage from January 2011 was of higher quality and represents the most 
‘current’ methods in use, it was utilized for this analysis. The absolute paucity of 
this kind of material makes multiple analyses impossible, and so this analysis 
focuses on one good quality video example where the entire process from instiga-
tion to apparent end point is visible in a continuous frame without obstruction. The 
authors are not familiar with any other wildlife hunts that are specifically shielded 
from view in this manner.

As Iwasaki and Kai (2010) reference the development and testing of this method 
since 2000, the authors of the Butterworth et al. (2013) paper state that they are 
confident that the video sample is representative of current methods being utilized 
in the dolphin ‘drive hunts’ in Taiji. Additionally, from the available video material, 
the paper describes how it is apparent that the same process is applied to many ani-
mals (not all observed throughout the whole process in the video material), and this 
analysis is representative of the approach being used on many animals. The range of 
social attitudes towards the killing of wild species around the world raises a number 
of important ethical questions. These authors go on to consider that suffering is 
‘undesirable, and that humans should do all that is practical to ensure that suffering 
is minimized at the time of death for domesticated animals which humans farm, use 
or consume’. They then go on to consider that ‘it appears logical and consistent to 
also acknowledge that suffering should also be avoided for wild mammalian spe-
cies’ (Commission of the European Communities COM 2006; Mellor and Littin 
2004). The challenges presented in achieving the same standards for killing wild 
animals as exist for domesticated animals have, unfortunately, led to a systematic 
dilution or reduction in the standards permitted for the killing of wild species.

There are precedents for applying scientific knowledge and concern for animal 
welfare to policy decisions regarding commercial fishing and hunting practices. In 
the mid-1980s, increased scientific and public concern in the USA about the welfare 
of dolphins caught as by-catch during tuna purse seine fishing operations led to US 
senate subcommittee hearings and the ultimate decision to ban the use of purse 
seine procedures in the eastern tropical Pacific. Studies were conducted as part of a 
larger research programme mandated under the 1997 International Dolphin 
Conservation Program Act (IDCPA) that investigated whether the eastern tropical 
Pacific tuna fishery was having a significant adverse impact on these dolphin stocks, 
known collectively as the Chase Encirclement Stress Studies (CHESS). Stress-
response protein profiles and various other health parameters in offshore spotted 
and spinner dolphins revealed acute stress response in chased and captured dol-
phins, including heart lesions and other tissue damages (Forney et  al. 2002). 
Legislative policy changes are reflected in the Marine Mammal Protection Act 
(MMPA) and entitled the Dolphin Protection Consumer Information Act and 
International Dolphin Conservation Program Act (IDCPA), recognizing the desire 
of congress, the public and corporate interests to incorporate dolphin protection and 
welfare into practice through regulations addressing the tuna fishery and product 
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labelling standards (US Marine Mammal Protection Act 1972). Policy changes 
included a ban on the use of purse seine fishing in the eastern tropical Pacific and 
protected dolphins from being encircled by fishing boats, trapped in the purse seine 
nets and crushed in the fishing gear. Policy changes occurred at the corporate level 
in the tuna industry and offered the consumer the right to know about the fishing 
practices used in this commercial fishery.

Another precedent for such policy changes occurred in the UK in the case of the 
well-established cultural practice of hunting red deer (Cervus elaphus) with hounds. 
Increased scientific and public concern for the welfare of red deer during the pro-
longed hunts prompted a study to be commissioned by the National Trust to assess 
the physiological effects of the hunts on the deer (Bateson and Bradshaw 1997). The 
physiological state of hunted vs. non-hunted but humanely killed red deer was com-
pared and the results showed ‘(i) depletion of carbohydrate resources for powering 
muscles, (ii) disruption of muscle tissue, and (iii) elevated secretion of endorphin. 
High concentrations of cortisol, typically associated with extreme physiological and 
psychological stress, were found. Damage to red blood cells occurred early in the 
hunts’. The authors concluded that ‘red deer are not well-adapted by their evolution-
ary or individual history to cope with the level of activity imposed on them when 
hunted with hounds’. These scientific findings led to the banning of this type of 
hunting practice in the UK (The Hunting Act 2004).

Animals used for commercial purposes have been afforded the status of sentient 
beings under the Treaty of Amsterdam, amending the Treaty of the European Union 
(The Treaty of Amsterdam 1997). Therefore, there exists a moral and legislative 
obligation to exercise a high standard of care for animals under the control of 
humans. It would seem appropriate that those animals that fall under human control 
during systematic hunts at the time of their death be treated following the accepted 
international principles described by the Treaty. As humans determine when and 
where these animals die, there is an ethical obligation, as well as a practical oppor-
tunity, to control the method of death to minimize pain or suffering (Mellor and 
Littin 2004). Based on available scales for pain, including both the National Institutes 
of Health and British Pain Society numeric scales, this method would register as 
extremely aversive—at the highest level of gross trauma, pain and distress (National 
Institute of Health Pain Consortium 2007; The British Pain Society 2017).

Within Japan, domesticated animals are afforded protection under the Act on 
Welfare and Management of Animals, where guidelines to minimize pain and suf-
fering are outlined for species such as horses, cattle, sheep, pigs, dogs and other 
animals under human care (Japan Ministry of the Environment 2007). Dolphins and 
whales are not protected by this law, nor are they afforded protection under the 
Wildlife Protection and Hunting Law which manages the keeping and custody of 
wild mammals in Japan and outlines procedures for the protection, management 
and hunting of wild mammals in Japan through the oversight of the Ministry of 
Environment. Instead, dolphins and whales fall under the jurisdiction of the Fisheries 
Agency under the Department of Agriculture, which affords them little protection. 
This is in marked contrast to the protection for dolphins and whales in legislation in 
other parts of the world such as New Zealand and the USA. The US Marine Mammal 
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Protection Act (MMPA) of 1972 affords full protection from the ‘taking’ or deliber-
ate killing of marine mammals, except under certain conditions for scientific 
research, enhancement for survival or recovery and public display (MMPA 1972). 
In New Zealand, intentional or deliberate killing of marine mammals, notably 
within commercial fisheries, is prohibited, and similar provisions are provided by 
the Marine Mammal Protection Act (New Zealand Legislation Marine Mammal 
Protection Act 1978).

In contrast, and looking to other whale and dolphin hunts in Japan for compari-
son, Japan conducts ‘special permit whaling’ hunts for five species of large whales 
in the North Pacific and minke and fin whales in the Southern Ocean. These hunts 
occur in open water, at sea, and the killing methods are applied from a vessel. The 
proximity between the whale or dolphin and the hunter during drive hunts contrasts 
significantly with open sea whaling. During drive hunts, killing occurs when the 
hunter and the animal are next to each other on the stable ground of the shore. In 
contrast, whaling occurs at a distance, with the whale swimming in a moving sea 
and the hunter aims at the target from a moving platform. The killing methods also 
differ significantly, due in part to the difference in size of the animals (large baleen 
whales, rather than dolphins or smaller toothed whales).

The primary killing method used during Japanese whaling is a penthrite grenade 
harpoon that is aimed at the thorax. The objective is to cause sufficient blast-induced 
neurotrauma to render the whale ‘instantaneously’ insensible or dead (Knudsen and 
Øen 2003). Data show that for the Japanese hunt for minke whales (the smallest 
species killed during Japanese special permit whaling) in the Southern Ocean dur-
ing the 2003–2005 seasons, 44% of harpooned minke whales (N  =  880) were 
reported to have died ‘instantaneously’ (Ishikawa 2005). In some cases where 
whales do not die ‘instantaneously’, a secondary killing method is applied. 
Depending on the species, this may either be another grenade harpoon or a rifle. The 
rifle is aimed at the head, whilst the whale is still attached to the harpoon line at the 
front of the vessel. Since the meat procured from these activities is sold for com-
mercial purposes, it is legitimate to compare both special permit hunting and drive 
hunts with the standards required for other commercial meat production, such as 
those provided by the World Organization for Animal Health (OIE) recommendations 
for the slaughter of animals for food (OIE Terrestrial Animal Health Code 2011). 
Whilst the OIE recommendations are focussed on the slaughter in slaughterhouses 
of various domesticated terrestrial species, it is not unreasonable to extend the prin-
ciples such that mammals slaughtered outside slaughterhouses should be managed 
in such a manner that their restraint and slaughter should avoid causing undue stress.

What is particularly unusual about these drive hunts is the proximity of the 
hunter to the animal that they are killing, which provides an opportunity for a swift 
death with potentially less margin for error than hunting at sea. For example, eutha-
nasia of injured or moribund dolphins stranded on the beach is usually conducted by 
a veterinarian or a trained individual with a rifle at very close range. Best practice 
for cetaceans in extremis has been developed in order to administer the swiftest and 
most humane death. However, the authors do not recommend the use of rifles for 
killing cetaceans captured during these hunts, for a number of reasons. Firstly, 
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whilst rifles are a recommended euthanasia procedure for stranded cetaceans in 
some stranding protocols, the RSPCA guidelines for veterinarians attending 
stranded cetaceans (RSPCA 1997) do not recognize rifle shooting as the preferred 
method. Instead, these guidelines only recommend the use of rifles for toothed ceta-
ceans up to 4 m in length if euthanasia drugs are unavailable. Secondly, there are 
many differences between an individual ‘mercy killing’ associated with euthanasia 
of a stranded cetacean and the frequent and consecutive commercial killing of dol-
phins on the shore. The use of rifles as a humane euthanasia method for stranded 
cetaceans is only recommended on the basis that the operator, usually a veterinar-
ian, using the rifle is well trained in such procedures, and that the outcome is docu-
mented. Such caveats to the use of rifles could theoretically be applied to the use of 
rifles during a drive hunt, but it is in the authors’ view that it is highly unlikely that 
even with a highly skilled operator administering the shot, there would be a humane 
outcome for each dolphin.

Unlike a stranded dolphin that is shot because it cannot be refloated, dolphins 
caught in drive hunts are not moribund, but instead are usually conscious, panicked 
and moving, thus increasing the likelihood of error in bullet placement to the brain. 
In addition, during the dolphin drive hunts, the footage shows that some of the ani-
mals are secured by their tailstock. This is a particularly aversive practice due to the 
risk of the dolphins drowning as a result of forcing the head and blowhole under the 
water. In this respect, there exist no useful comparisons with other terrestrial mam-
mal drives or hunts. In addition, since a primary sense in these highly social mam-
mals is hearing, the impact of hearing other cetaceans—and specifically members 
of their social group—being killed has the potential to further compound the nega-
tive effects of this hunting method.

The process of spinal transection carried out in a fully conscious large animal is 
likely to be profoundly distressing, traumatic and painful and to create unnecessary 
suffering and distress. The AVMA Guidelines on Euthanasia (AVMA 2007) suggest 
that cervical dislocation can be considered a potential method for euthanasia of rab-
bits weighing no more than 1 kg and in other small mammals of less than 200 g. The 
dolphins observed in this study weigh in the region of 200 kg and would not be 
considered suitable candidates for cervical dislocation under any laboratory or zoo 
veterinary guidelines. Additionally, the use of the puntilla (a knife designed to sever 
the spinal cord) is not permitted in slaughter processes in developed countries 
(Tidswell et al. 1987).

Pain is most often attributed to a physical condition, whereas discussions of suf-
fering require consideration of the psychological and emotional capacity of the 
animals being slaughtered. Japan’s own slaughter guidelines for livestock, which 
do not apply to the drive hunts and other whale and dolphin killing methods used 
around Japan’s coastline, require the inducement of loss of consciousness and 
‘methods that are scientifically proven to minimize, as much as possible, any agony 
to the animal’ (Japan Ministry of the Environment 2007). These guidelines also 
define ‘agony’ as pain and suffering due to the excitement of the central nervous 
system by stimulating pain, fear, anxiety or depression, all arguably elements of 
suffering in higher vertebrates. The systematic mistreatment of dolphins and 
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whales, allowed and sanctioned by a highly developed country such as Japan, is in 
striking contrast to EU, the USA and even existing Japanese legislation which aims 
to protect the welfare and ensure the humane treatment of farm, domestic and labo-
ratory animals.

6.5  �Conclusions

In conclusion, despite profound differences in their body form, dolphins, like our 
closest relatives the great apes, are sentient, highly social mammals that exhibit 
complex cognitive abilities (Herman 2006), possess self-awareness as demonstrated 
by their ability for mirror self-recognition (Reiss and Marino 2001) and demon-
strate epimeletic (helping and caregiving) behaviours (Connor and Norris 1982). 
Japanese scientists have been international leaders in great ape research, and their 
scientific knowledge has been used to provide the rationale to increase protection of 
the great apes. In 2006, Japan placed an unofficial ban on invasive chimpanzee 
research.

Our scientific knowledge of dolphins could and should result in similar protec-
tions against the suffering and distress resulting from this current method utilized in 
drive hunts. Existing scientific knowledge and understanding of cetacean anatomy, 
physiology, social behaviour and cognition should inform local and global animal 
welfare policies on the treatment of these species. There thus appears no logical 
reason to accept a killing method that is clearly not carried out in accordance with 
fundamental and globally adopted principles on the commercial utilization, care 
and treatment of animals.
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Chapter 7
Din of the Deep: Noise in the Ocean  
and Its Impacts on Cetaceans

Lindy Weilgart

Abstract  Cetaceans rely on sound and hearing for all of their vital functions, such 
as food finding, avoiding hazards, mating, group coordination, navigation, and 
orientation. Human-made noise is a substantial stressor, though the full extent of 
the impact remains unknown. Low-frequency anthropogenic noise has risen two 
orders of magnitude since the industrial age. The main noise sources are commer-
cial shipping, seismic airgun exploration for oil and gas, and naval and mapping 
sonars, and the potential area of impact can extend over hundreds of thousands or 
even millions of square kilometres. Documented noise impacts include fatal 
strandings, hearing damage, longer-term avoidance of the noisy area, higher ener-
getic costs, stress responses, changes in vocalisations which can disrupt reproduc-
tive and foraging behaviour, direct interference in foraging and migration, masking 
or obscuring important sounds, and effects on prey. Both acute effects, such as 
shorter-range fatal strandings and hearing impairment, and chronic impacts some-
times occurring over the horizon, such as stress, habitat degradation, and the loss 
of communication space through masking, deserve attention and concern. Studying 
comparable populations in real-world noisy vs. quiet areas may provide us with 
the best knowledge, but reducing noise levels through spatial and temporal mitiga-
tion and technological solutions should be the immediate priority. These include 
shipping noise reduction technologies, quieter technological alternatives to seis-
mic airguns, avoiding areas and seasons rich in marine life when siting noisy 
activities such as naval sonar exercises, and establishing acoustic refuges. 
Governmental regulatory agencies can encourage and expedite quieter technologi-
cal developments. Limiting human-made underwater noise is critical to marine 
mammal welfare.
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7.1  �Introduction

In the pitch-black waters of the deep ocean, a sperm whale sends out a series of 
biosonar clicks to scan her surroundings, listening for the faint echoes of the ocean 
bottom to help her to follow the 400 m depth contour which is her favourite hunting 
ground. She continues clicking to search for prey. The returning echoes give her 
information on the type of prey, its size, and its composition and density. As the 
sperm whale hones in on a medium-sized squid, she speeds up her clicks making 
them sound like a creaking door, to match the narrowing distance between her and 
her prey, before catching and eating it. Surfacing, she calls to her calf in a series of 
patterned, castanet-sounding clicks called “codas” which represent communication. 
Her calf responds with a coda-like sound—he’s still learning how to “speak”. At the 
same time, she is listening to the clicks of her group, mostly female family members 
and their calves, to coordinate deep feeding dives with them. She also has a listening 
ear out for mature males and their distinctive “clangs”, for mating opportunities, 
and is on the alert for faint killer whale squeals, in case she needs to protect her calf. 
As she sidles up to the group, she scans her sister with her biosonar, noticing through 
the tell-tale echoes that she is pregnant and has a fairly full stomach. All of this 
information, she discovers through sound.

Marine mammals, but especially cetaceans, rely on sound for all of their vital 
functions such as food finding, predator or hazard avoidance, mating, group coor-
dination, navigation, orientation, and overall sensing of their environment. In 
effect, their hearing is like human sight; they “see” with their ears; since underwa-
ter, vision is only useful over tens of metres. The ocean is filled with natural 
sounds like the roar of the surf, snapping shrimp, and the rumbling of small earth-
quakes. Marine mammals take advantage of this “soundscape” to orient them-
selves. In fact, almost all marine animals, including fish, squid, and other 
invertebrates, use sound or vibration, so the food (prey) of the mainly carnivorous 
marine mammals is also acoustically dependent. This is not a coincidence. There 
is a good reason why almost all marine animals use sound so extensively; sound 
travels very fast and very far underwater compared with air—almost five times as 
fast. Some low-frequency (low-pitched) sounds can travel for thousands of kilo-
metres through the ocean. Theoretically, blue and fin whales could communicate 
across an entire ocean.

Now superimpose on this natural soundscape, the noise humans generate, in the 
form of rumbling, churning shipping noise from propellers and engines, intense 
shots heard every 10 s from seismic airgun surveys used to find oil and gas deposits 
under the ocean floor, or piercing naval sonar pings used to detect enemy subma-
rines. The oceans may not be naturally quiet, but it is the difference between walk-
ing along the beach hearing the crashing of the surf compared to the din of traffic 
along a busy street, with cars honking, trucks lumbering by, and ambulance sirens 
wailing. Similarly, natural sound could be perceived quite differently by marine 
mammals than human-made sound. Just because we assume marine mammals are 
adapted to sounds they have heard over aeons of evolutionary time does not mean 
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they are similarly adapted to the additional noise we have thrown at them in just the 
last 200 years or so since the dawn of the industrial age.

Ocean noise has become an animal welfare issue, both, for instance, in terms of 
potentially harming individuals’ hearing, in effect “blinding” them to predators, 
temporarily or permanently, and through degradation of habitat important for feed-
ing or rearing their offspring. As marine mammal scientist, Barb Taylor, indicated  
“if we are going to overfish their food, entangle them in our fishing gear, and add 
toxins to their environment, the least we can do is keep the ocean quiet enough for 
them to find the few remaining fish” (personal communication).

7.2  �Sources of Man-Made Noise

Hildebrand (2009) identified the main sources of human-generated noise to be com-
mercial shipping, seismic airgun exploration, naval and mapping sonars, and small 
vessels. Other human activities that add noise into the marine environment are pile 
driving and other construction; oil drilling; naval explosions; oceanographic experi-
ments; acoustic deterrent and harassment devices meant to, for instance, chase seals 
away from fish farms; ice-breaking; and underwater communication, such as 
between submarines. Overall, there has been at least a 20 decibel (dB) increase in 
low-frequency noise since the industrial age or, in some areas, about a 3 dB increase/
decade (Hildebrand 2009), which since this is a logarithmic scale is a doubling in 
intensity every decade, over the last several decades. Most of this increase in noise 
is from commercial shipping, though seismic airgun exploration also contributes, as 
it is occurring throughout the world’s oceans (Fig. 7.1).

Fig. 7.1  Areas of offshore oil exploration from 1994 to 2005. Size of star denotes the relative level 
of activity. Data from the World Geophysical News. Reproduced with permission from Hildebrand 
(2009)
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7.3  �Area of Impact

The potential area of impact by even one noise source can be huge. The US Navy’s 
Low-Frequency Active (LFA) Sonar, used to detect enemy submarines, could 
impact cetaceans at levels of over 120 dB (levels previously shown to deflect migra-
tions) across an area of some 3.9 million square kilometres (km2) (Johnson 2003)—
about half the size of Australia—and is likely audible to them over much greater 
areas. Noise from a single seismic survey can blanket a region of almost 300,000 km2, 
about the size of Norway, raising noise levels two orders of magnitude (20 dB), 
continuously for months (IWC 2005, 2007). An analysis of 10 years of recordings 
from the ocean floor in middle of the Atlantic found that seismic airgun noise could 
be heard at distances of 4000 km and were present 80–95% of the days per month 
for more than 12 consecutive months in some locations (Nieukirk et al. 2004, 2012). 
When several seismic surveys were recorded at the same time, whale sounds were 
masked (drowned out), and seismic airgun noise became the dominant part of back-
ground noise levels.

7.4  �Documented Impacts

There is no doubt that human-made noise has an impact on marine life. Where there 
is still some, legitimate debate is on the extent of the impact. Impacts can vary 
depending on factors such as species, age, sex, context, and type of noise, making 
generalisations difficult. While not an exhaustive list, some examples of the types 
of impact from anthropogenic underwater noise that have been documented for 
marine mammals include fatal strandings or deaths at sea, hearing damage, dis-
placement or longer-term avoidance of the noisy area, higher energetic costs, stress 
responses, changes in vocalisations which can disrupt reproductive and foraging 
behaviour, cessation or reduction of foraging, changes in migratory behaviour, 
masking, and indirect effects on marine mammal prey such as fish and invertebrates 
(e.g. Weilgart 2007).

One noise impact that gained a great deal of attention was the link to fatal strand-
ings, particularly but not exclusively, of a family of deep-diving whales known as 
the beaked whales that occurred together with naval exercises involving powerful 
mid-frequency antisubmarine warfare sonar (Jepson et al. 2003) and, more rarely, 
seismic airgun surveys (Hildebrand 2005). Noise was first implicated in these 
strandings because no other threat could easily explain how many whales could 
strand within several hours of each other, yet spread out over several tens of kilome-
tres of coastline. Only noise travels this fast, this far. Also, the locations and timing 
of individual whale strandings closely coincided with the track of a noise-producing 
vessel. Eventually, the necropsy findings of “severe, diffuse congestion and hemor-
rhage, especially around the acoustic jaw fat, ears, brain, and kidneys” and “gas 
bubble-associated lesions and fat embolism in the vessels…of vital organs” were 
determined to be consistent with, if not necessarily diagnostic of, decompression 
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sickness or diver’s “bends” (Fernández et al. 2005). Such decompression sickness 
may arise in whales if they change their dive pattern, affected by the loud noise, 
perhaps because they panicked. At least in one stranding event that was well stud-
ied, the 2002 Canary Island stranding, the time between estimated sonar exposure 
and death was quick—around 4 h—because vital organs like the brain or heart were 
affected (Fernández et al. 2005). This and other Canary Island strandings showed 
that animals were severely injured before stranding (Fig. 7.2), while other similarly 
injured carcasses were found floating at sea, implying that it was not the stranding 
that killed them, but the mere exposure to noise and their response to it. Thus, the 
number of whales killed could be greatly underestimated if just the stranded ani-
mals were counted. Whale carcasses are notoriously difficult to find at sea (or even 
on shore, if the location is remote), as they usually sink fairly quickly, are eaten by 
sharks, or are carried off by currents. Williams et al. (2011) noted that an average of 
only 2% of cetacean carcasses are recovered and that the “…true death toll could be 
50 times the number of carcasses recovered…”. Moreover, it is important to note 
that it took 40 years to discover the clear link between mid-frequency naval sonars 
and beaked whale strandings, underscoring how easy it is to miss noise impacts, 
even for such relatively obvious events as strandings.

Fig. 7.2  Cuvier’s beaked 
whale haemorrhaging from 
the eye during the 2002 
Canary Island stranding 
event which co-occurred 
with naval exercises 
involving mid-frequency 
active sonar. Image credit: 
Vidal Martín, SECAC
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Hearing loss is difficult to document for marine mammals in the wild, especially 
cetaceans. Stranded dolphins or those severely entangled in fishing gear could, how-
ever, be tested. About 57% of such bottlenose dolphins and 36% of such rough-
toothed dolphins showed either significant or profound hearing loss, implying that 
hearing damage could have contributed to their stranding or entanglement (Mann 
et  al. 2010). Permanent hearing impairment can occur unexpectedly, even under 
careful experimental conditions. A captive harbour seal was cautiously and gradu-
ally exposed to an underwater sound stimulus to test temporary threshold shifts 
(TTS), which represent temporary, supposedly recoverable hearing loss in the seal, 
yet instead, the seal was left with a permanent threshold shift (PTS) or permanent 
hearing loss, without warning (Kastak et al. 2008). The start and increase of the 
amount of TTS did not follow the expected pattern, but rather shifted suddenly from 
no measureable effect to a profound hearing impairment. There are clearly many 
unknowns in predicting hearing loss in marine mammals, a fact that should be taken 
into account if populations are to be protected.

To ensure a marine mammal population’s long-term welfare and health, we 
should be most concerned about noise impacts that affect population measures and 
vital rates, like birth rates, death rates, and growth rates. Such impacts are, however, 
very difficult to detect for marine mammals, especially cetaceans, as they spend so 
much time underwater. Long-term studies of known individuals are usually required 
to be able to determine population impacts. One such 15-year study (Claridge 2013) 
compared a population of Blainville’s beaked whales at a US Navy range (AUTEC) 
in the Bahamas where mid-frequency sonar exercises were conducted, with another 
relatively “sonar-free” population 170 km away. It had already been established that 
Blainville’s beaked whales move away from the range during multi-ship sonar 
exercises at AUTEC, only returning days later when the exercises had finished 
(McCarthy et al. 2011; Tyack et al. 2011). Claridge (2013) found that there were 
fewer calves per female at AUTEC compared with the off-range population—a 
population effect of sonar use at a navy range. The frequent avoidance of the naval 
exercises and the attendant disruption of feeding and energetic costs of travelling, 
together with stress, may account for the fewer births and/or calf survival at 
AUTEC. The beaked whale stranding that occurred in the Bahamas in 2000 as a 
result of the brief passage of five naval vessels using sonar also changed the 
Blainville’s population demographics (Claridge 2013).

It is important to understand that, while some marine mammal species or indi-
viduals leave an area that becomes noisy through human activities, others remain, 
perhaps because the area is vital for reproduction or feeding. There are potential 
costs associated both with the avoidance of noise and with remaining in a noisy 
area. Leaving, as has been illustrated in the example above, may incur energetic 
costs through more travel, interfere with time spent feeding, and result in fewer 
surviving calves. Remaining in the area may expose populations to more stress, 
compromised feeding, or hearing impairment and can also cause serious impacts. 
The mere fact that animals stay in a region of noise should not be interpreted as the 
absence of impacts on them.
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Stress can have a profound effect on an animal’s ability to reproduce, to ward off 
infection and disease, and can cause premature ageing, and noise can function as 
such a stressor (Wright et al. 2007). Rolland et al. (2012) used the unusual global 
events of September 11, 2001, to correlate the resulting reduced ship traffic and 
attendant lower underwater low-frequency noise levels, with lower stress hormone 
levels in right whale faeces. Since right whale sounds overlap with the low-frequency 
noise produced by shipping, their acoustic communication space can be reduced 
through masking by 84% by the passage of only two ships over 13 h (Clark et al. 
2009). There were six fewer large ships after September 11, 2001, than before 
(August 25 and 29 vs. September 12 and 13), resulting in a 6 dB decrease in overall 
background noise in the area. Such quantifiable physiological effects in the form of 
stress hormones (Fig. 7.3) could lead to biologically significant impacts on indi-
viduals and populations, especially in this highly endangered whale species, if these 
are indeed a measure of chronic stress from underwater noise (Rolland et al. 2012).

Long-term avoidance of presumably underwater noise and boat disturbance has 
been documented for harbour porpoises, where individuals seemed to move out of 
an area where a wind farm was being constructed (Teilmann and Carstensen 2012). 
This study implied that the harbour porpoise population had still not returned after 
11 years, though it was gradually moving back, with porpoise biosonar activity, an 
indicator of their presence, increasing from 11 to 29% of baseline levels before 
construction. Grey whales moved away from one of their breeding lagoons for over 
5 years because of industrial noise, returning only several years after the activities 
stopped (Jones et al. 1994). Killer whales dramatically changed locations to avoid 
loud acoustic harassment devices, staying away for about 6 years, returning only 
once the devices were discontinued in the area (Morton and Symonds 2002).
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Shorter-term reactions to noise have also been shown, some over large areas. 
Cuvier’s beaked whales, similar to the Blainville’s mentioned above, avoided simu-
lated mid-frequency active naval sonar, exhibiting strong reactions to surprisingly 
low received levels of exposure of 89–127 dB re 1 μPa, well below those that are 
currently subject to regulation (DeRuiter et al. 2013). Whales stopped emitting their 
biosonar clicks and swam rapidly and silently away while diving for longer dura-
tions and interrupting their feeding. The response remained pronounced for several 
hours after exposure (DeRuiter et al. 2013). Fin whales moved away and changed 
their song during a 10-day seismic airgun survey, staying away weeks after the sur-
vey ended (Castellote et al. 2012). When exposed to even relatively low levels of 
mid-frequency naval sonar, blue whales spent half as much time making a type of 
feeding call, despite the frequency of the sonar being well above the frequencies 
that blue whales use in their calls (Melcón et al. 2012). This reaction to even a single 
mid-frequency sonar source could impact the feeding of blue whales over much of 
the 53,000 km2 of the Southern California Bight (Melcón et al. 2012). Bowhead 
whales increased their calling as soon as seismic airgun shots were detectable to 
them, but then their calling rates levelled off when received levels of the airgun 
shots increased to a certain threshold (Blackwell et  al. 2015). At progressively 
higher received levels of airgun noise, calling rates started decreasing until finally 
bowheads fell silent (Blackwell et  al. 2015). This meant that bowhead calling is 
suppressed within a radius of some 50–100 km from a seismic ship or an area of 
about 8000–31,000 km2 (for reference, 31,000 km2 is about the size of Belgium). 
Within around 10–40  km of a seismic ship or 300–5000  km2, bowhead calling 
would be almost entirely silenced (Blackwell et al. 2015). The function of bowhead 
calling is unknown, but it certainly serves some important purpose, whether it be to 
maintain contact within the group, for mating, and/or for navigation.

Other Arctic species such as belugas and narwhals show some of the most sensi-
tive reactions to noise documented, often responding to noise at the level they first 
detect it (Heide-Jørgensen et al. 2013). Hard-to-predict effects can also occur, where 
narwhals appeared to become entrapped in ice, often fatally, because they delayed 
or interrupted their annual offshore migration to avoid seismic surveys in the area 
(Heide-Jørgensen et  al. 2013). Around 1200 narwhals died in three separate ice 
entrapments that were highly atypical both in timing and in area and occurred 
around the time of seismic surveys (Heide-Jørgensen et al. 2013). Another effect 
that can cause unexpectedly severe consequences is sensitisation, or a progressively 
greater reaction to the same or similar stimulus, each time it is encountered. An 
intense underwater noise, for instance, that caused a startle reflex in captive grey 
seals meant that these animals became sensitised to this sound and showed long-
term avoidance of the tank where they first heard the sound (Götz and Janik 2011). 
The seals showed clear signs of rapid flight responses and fear conditioning to the 
point where they even avoided food that was close to the sound source. In the wild, 
this might mean that noise that startles a marine mammal could cause them to avoid 
the area where they heard the sound, over the long term, perhaps even permanently, 
which could have severe effects on their lifespan and ability to reproduce (Götz and 
Janik 2011).
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Marine mammals can also be indirectly impacted through noise effects on their 
prey as reviewed in, e.g. Slabbekoorn et al. (2010). As mentioned, fish and inverte-
brates are sensitive to sound, and a wide range of documented noise impacts exist, 
ranging from reduced catch rates (Engås et al. 1996; Hassel et al. 2004; Skalski 
et  al. 1992), stress (Santulli et  al. 1999), higher metabolic costs (Buscaino et  al. 
2010), decreased foraging efficiency due to distraction (Purser and Radford 2011), 
reduced foraging success (Voellmy et al. 2014), impaired schooling behaviour (Sarà 
et al. 2007) and orientation (Holles et al. 2013), hearing damage (McCauley et al. 
2003), impaired development and body malformations (Aguilar de Soto et al. 2013), 
massive acoustic trauma (André et  al. 2011), and fatal strandings of giant squid 
(Guerra et al. 2004).

7.5  �Acute vs. Chronic Effects

As noted above, the acute response of fatal strandings of beaked whales due to exer-
cises involving naval mid-frequency sonar rightly garnered much attention and con-
cern. However, at least as important are the more chronic impacts of noise that tend 
to occur over much larger areas. Often attention over acute hearing impairment and 
short-range effects has come at the expense of concern over masking, stress, and 
habitat degradation from chronic noise at long ranges (Simmonds et al. 2014). Loss 
of communication space through masking (Clark et al. 2009) is highly likely to have 
impacts on the welfare of populations, especially where individuals are spread out 
and must find each other, via long-range mating calls, to mate. Even marine mam-
mals that do not use biosonar probably use sound for feeding to listen for the faint 
sounds their prey makes. Masking doesn’t just mean that a sound of interest is com-
pletely obscured. It could also be that important characteristics of the sound are lost 
or garbled. Chronic noise even at lower levels, experienced over greater areas, can 
also potentially cause hearing loss.

7.6  �Solutions

Different noise sources require different solutions. In the case of shipping, the noise 
produced is unintended and, at least to some extent, likely reduces fuel efficiency. 
As such, technological fixes are possible and are the focus of current studies. The 
International Maritime Organisation is beginning to address shipping noise, and 
voluntary guidelines are being developed (IMO 2013). Noise has up until now 
rarely been considered in ship and engine design. To address noise from seismic 
airgun surveys, technological alternatives to airguns are being developed that are 
likely less impactful on most marine life. Progress is slow, but a sound source known 
as Marine Vibroseis could reduce both short-range and long-range sound levels and 
impacts from airguns, especially for marine mammals that are sensitive to mid- and 
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high frequencies (Weilgart 2012, 2013). Much of the sound energy airguns emit is 
wasted, as geophysicists only use the very low frequencies. Marine Vibroseis could 
eliminate broadcasting these useless higher frequencies, thus eliminating or reduc-
ing potential impacts on the species that use them. Naval sonar exercises should be 
sited in areas that are the equivalent of ocean deserts, poor in marine life, to reduce 
impacts. For marine mammals that migrate, seasonal mitigation may be useful, 
where noise activities are timed to avoid overlap with marine mammal presence. 
Vital breeding and feeding areas and seasons should be avoided wherever possible. 
The few remaining areas that are currently still relatively quiet could be protected as 
acoustic refuges.

Most importantly, we will be unable to protect marine life from noise if we 
require that full, incontrovertible, biological evidence of impact is obtained before 
we act. Many marine mammal species have long lifespans and are very slow repro-
ducers, so they cannot genetically adapt rapidly to change. If there are population 
impacts, they are likely to be only discovered by the time it is too late to safeguard 
populations. I have noted above in various places how difficult some impacts from 
noise are to detect, especially in cetaceans. Noise thus presents a case where precau-
tionary management is likely to be appropriate and may be necessary. While noise 
impact studies should continue to be carried out, management of noise cannot wait 
until our knowledge is complete. There are many variables that influence animals’ 
responses to noise, and the ocean is not a controlled laboratory where confounding 
oceanographic factors like prey availability can be excluded. Rather, our emphasis 
is better placed on reducing noise levels through spatial and temporal mitigation and 
technological solutions (Simmonds et al. 2014).

Technological developments can be encouraged and expedited through actions 
by governmental regulatory agencies. So far, Germany is the only country that has 
enacted noise thresholds that are not allowed to be exceeded. These noise limits 
have spurred the development of quieter technologies, particularly for pile driving, 
used to construct offshore windfarms (Koschinski and Lüdemann 2013).

In addition to the animal welfare concerns outlined above which result from the 
impacts of noise, animal welfare issues also arise in the carrying out of Controlled 
Exposure Experiments (CEEs) where animals are artificially exposed to playbacks 
of noise to determine their responses under more controlled conditions. 
Unfortunately, while the levels of the sound source under experimental conditions 
can be controlled, the levels of sound experienced by the free living animals in the 
wild cannot. Thus, CEEs should really be called Controlled Source Experiments. 
Moreover, there are many more animals that are accidentally exposed than can be 
studied, which raises ethical concerns. While it is useful to be able to manipulate the 
sound source both spatially (on a vessel) and through varying its sound intensity 
level, if the simulated sound source does not adequately mimic the true noise source, 
whether airgun, naval sonar, or ship, and the context of the noisy activity, the results 
may not be considered fully representative. The more we study the impacts of noise 
on marine life, the more we discover how important context is, both in terms of the 
behaviour of the animals and the acoustic behaviour of the noise source. Ideally, for 
reactions to real (not simulated), e.g. naval sonar, actual sonar exercises, complete 
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with all the fast-moving vessels involved, should be employed to test responses, 
though this can be difficult or even impractical. Studying comparable populations in 
real-world noisy vs. quiet areas may yield results which really allow us to under-
stand the impact of anthropogenic ocean noise.

7.7  �Conclusions

Many questions and uncertainties remain regarding the impacts of noise on marine 
mammals, yet we know enough to realise that noise is a substantial stressor and a 
problem that needs to be addressed. Striving to provide a natural environment that 
limits human-made noise appears critical to marine mammal welfare. Failing to do 
so will compromise marine mammals to some degree, either through their prey, 
their degraded habitat, or directly through noise interfering with their behaviour, 
physiology, cognition, or psychology. We cannot continue to “blindfold” marine 
mammals while expecting them to carry out their vital life functions without stress.
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Chapter 8
Evaluating the Welfare Implications 
of Climate Change for Cetaceans

Mark Peter Simmonds

Abstract  Consideration of the implications of climate change for wild animal wel-
fare is still relatively novel. The cetaceans are a very diverse group of mammals 
occupying a range of habitats across the world’s oceans. Whilst this makes generali-
sations difficult, there is a growing body of scientific literature which anticipates 
and reports impacts. These include prey loss and associated prey stress, changes in 
cetacean foraging locations and other distribution shifts (including movement into 
higher latitudes), the use of extra energy to try to maintain body temperature and the 
loss of habitat for ice-dependent species. Climate change-driven changes in human 
behaviour, such as the introduction of new activities into increasingly ice-free polar 
waters, also offer challenges to marine mammals. All these impacts are predomi-
nantly considered in the literature from a conservation perspective. However, habi-
tat destruction, pollution and the spread of disease and noise have already been cast 
as causes for animal welfare concern, and it is argued that climate change will 
further exacerbate these and other issues in many instances. Assessing the full wel-
fare implications of climate change calls for innovative and careful application of 
welfare science and will be challenging, but a promising start has been made.
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London N1 7LY, UK
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‘An old man was walking along the beach and the sand was 
littered with thousands of stranded starfish left behind by the 
retreating tide. The man took care not to step on any of the 
beautiful creatures. He knew the starfish would die if left on the 
hot dry sand and he considered picking some up and putting 
them back in the water. However, he reasoned that he could not 
possibly help them all, so he just continued walking carefully 
along. A little while later, the old man saw a small child further 
along the beach who was frantically throwing one starfish after 
another back into the sea…’.

Adapted from ‘The Star Thrower’ (1978) by Loren Eiseley.
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8.1  �Introduction

Chapters 2, 14, 15, 19, 22–25 and 28 in this book are among the first attempts to 
consider the welfare implications of climate change for wild marine animals. 
Indeed, despite accelerating human encroachments into their habitats and their 
lives, the welfare of wild animals has itself been given little consideration. Perhaps 
this is because they appear to be beyond our jurisdiction, living ‘wild and free’. 
Exceptions include matters relating to the hunting of wild animals—where it is 
clearly our actions that have welfare implications—and this includes whale hunting. 
Consideration has gone into this aspect of hunting, including work by the 
International Whaling Commission (Brakes et  al. 2004), and the effects of ship 
strikes, entanglement in fishing gear and poorly conducted whale watching have 
also emerged as welfare concerns for wild cetaceans (Anon 2011). Meanwhile, and 
not surprisingly, our predominant interests, when it comes to climate change, focus 
around the implications for our own species, and maybe, secondarily, if we are 
really thinking carefully about our interlinked futures, the functionality of the eco-
systems that support us. Nonetheless, it is increasingly accepted around the world 
that we have a responsibility to the other living beings that our actions, deliberately 
or otherwise, impact, and this includes taking care of the welfare needs of animals 
affected by human actions (Jordan 2005; Anon 2011).

Here I will seek to make the case that climate change should be viewed as a wel-
fare issue for wild cetaceans. I will do this by considering key aspects of cetacean 
biology, the state of the relevant science concerning climate change and linkages to 
welfare issues and, finally, by comparing these topics with the established approach 
to animal welfare issues in non-wild species.

8.2  �A Myriad of Species Within a Vast Patchwork 
of Habitats

There are some 90 species in the mammalian order Cetacea, and, remarkably for 
such large mammals, more are still being discovered. Each species has its own dis-
tinctive food and habitat requirements, and this makes generalisations difficult. 
However, it has long been understood that the broad-scale distributions of marine 
mammals worldwide are ocean temperature and food source (often linked with 
ocean temperature) related (e.g. Gaskin 1982; Kaschner et al. 2011). For example, 
some species live exclusively in the cold Arctic and some in the warm tropics. 
Others, famously, undertake long migrations and move from warmer water breeding 
grounds to their feeding grounds in the Arctic or Antarctic where they arrive to 
exploit the great blooms of plankton and other prey that occur there in spring. On a 
more local scale, the distribution of cetaceans may also reflect oceanographic fea-
tures such as upwellings and fronts (again where there is high productivity and abun-
dant prey). Depth is clearly also an important habitat feature that defines distribution, 
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and the beaked whales (family Ziphiidae) and sperm whales (Physeter macrocepha-
lus) feed at great depths (i.e. sometimes over 1000 m), whereas some other species 
are adapted to life in shallower waters, including inshore waters or large rivers.

An idea of how cetacean marine habitats are distributed might be achieved on a 
journey heading westward out to sea from the northwest corner of Scotland (Murray 
and Simmonds 1998). A keen observer might first witness bottlenose dolphins 
(Tursiops truncatus) close inshore; then, further out, minke whales (Balaenoptera 
acutorostrata); and, out around the offshore islands, perhaps Risso’s dolphins 
(Grampus griseus). The edge of the continental shelf, some 200  miles out, then 
marks the transition between ‘shelf species’ (those whose habitat is on the continen-
tal shelf), including the white-sided dolphin (Lagenorhynchus acutus) and the ceta-
ceans of the deeper sea. Sperm whales (all males in these northern waters) may be 
found here and also fin (Balaenoptera physalus) and sei (Balaenoptera borealis) 
whales, perhaps even a passing blue whale (Balaenoptera musculus). What a hypo-
thetical transect like this shows is that whilst these are mainly cold-temperate water 
species (the sperm whale and bottlenose dolphin might be argued as exceptions), 
they also all have differing habitats. Surface observations miss the fact that different 
species are feeding at different depths. A Risso’s dolphin may look superficially 
rather similar to a bottlenose—they are a similar size and mainly grey—but each has 
different feeding preferences. Risso’s dolphins prefer cephalopods (cuttlefish and 
squid) and are deeper divers, hence often being found near deeper waters; whereas 
bottlenoses are more catholic in their diet but are mainly fish eaters.

It is generally difficult for us as a terrestrial species to easily comprehend the wide 
range of habitats in the seas and oceans and appreciate that the cetacean species and 
populations (and in some instances even cultural units) occupy them each according 
to their needs, preferences and physiological tolerances. This is a fundamental prob-
lem in addressing issues for cetaceans and other marine wildlife, because if the public 
and policy makers see the marine environment as a mainly homogenous environment 
where individuals (or even whole populations) can just move away from unpleasant, 
damaging or dangerous stimuli, it becomes impossible to make compelling cases to 
address such problems. However, in terms of how human activity is impacting ceta-
ceans, it is important to appreciate this and, most fundamentally of all, to understand 
that a cetacean encountering something unpleasant—perhaps some over enthusiastic 
and noisy whale watchers or a stressful temperature change—may not be able to 
simply swim away to another sea area that will fully meet its needs.

8.3  �The Underpinning Science

If the seas, oceans and even some of the larger river systems form a patchwork of 
cetacean habitats defined by physical (including temperature), chemical (including 
salinity) and biological (including suitable prey availability) features, what happens 
when these conditions change? Twenty years ago almost nothing had been pub-
lished about the potential for marine mammals to be affected by climate change. 

8  Evaluating the Welfare Implications of Climate Change for Cetaceans
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This is truly a rapidly emerging issue now as several hundred scientific publications 
can be identified which address this topic, and evidence is growing of climate 
change impacts (Nunny and Simmonds 2016; Simmonds 2016). The kinds of 
impacts that marine mammals may experience are summarised in Table 8.1.

Table 8.1  Summary of some observed and predicted effects of climate change on marine 
mammals, largely based on Schumann et al. (2013)

Climate phenomenon Response from marine mammals Possible implications

Changes in ocean and 
air temperature

•  Changes in foraging locations – � Potential for novel 
competition

• � Distribution shifts, including range 
expansion of tropical/temperate species 
and range contraction of cold water 
species

– � Loss of habitat of 
shelf species and their 
possible extinction

• � Extra energy expenditure to try to 
maintain body temperature

– � Longer migrations
–  Regime shift
– � Exposure to novel 

pathogens and 
pollutants

– � Less energy available 
for reproduction

Reduction in sea ice • � Ice-dependent species lose habitat and 
move/decline

–  Breeding impacted

• � New species enter higher latitudes – � Potential for mismatch 
between prey 
availability and critical 
life history stages

– � Potential for novel 
competition and 
exposure to novel 
pathogens

Increase in frequency 
and severity of extreme 
weather events, 
including flooding and 
increased roughness

• � Reduction in coastal water quality 
causes prey decline and or distribution 
change in marine mammals

–  Breeding impacted

• � Increased incidence of rough conditions 
cause more strandings

– � Exposure to novel 
pathogens and 
pollutants

– � Animals lost from 
population

Changes in ocean 
currents, winds and 
circulation affecting 
upwelling and 
productivity

• � Where productivity increases, more 
abundant prey may benefit (some) 
marine mammal populations, and, 
where it declines, marine mammals 
may move or decline

– � Local population 
increase

– � Local populations 
decrease

Rising sea level causing 
coastal inundation 
including flooding of 
coastal refuse tips and 
similar

• � Changes in breeding bays/estuaries/
inshore zones affecting breeding

–  Breeding depressed
– � Increased pollution 

and pathogen 
exposure

M.P. Simmonds
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Generally, the primary mechanisms by which climate change is expected to 
impact cetacean populations are by changing the physical and chemical nature of 
their environment and, in particular, by affecting their prey in terms of its quantity, 
quality and location (Simmonds 2016). On a simple level, if there is a decline 
in local productivity and prey availability, predators will go hungry. This does not 
mean that they necessarily starve, but their health may suffer and they may not have 
adequate energy reserves to breed successfully.

Cetaceans will certainly have some ability to adapt. Many species, including 
most of the dolphin species, range across large areas using their highly developed 
cognitive skills, echolocation ability and ‘team work’ to help find and efficiently 
exploit patches of prey. These species may be more adaptable to change than those 
whose abilities to respond are in some way more constrained. These might include 
those great whales whose energetic and migration biology hinges on the anticipated 
(and ‘planned for’) finding of certain things in certain places at specific times of the 
year. For example, a whale arriving at its polar feeding grounds in spring but not 
finding the ‘bloom’ of food that it needs could be severely incapacitated, and evi-
dence has started to accrue that this is not just a hypothetical threat (as postulated by 
Simmonds and Eliott 2009) but already a real and current phenomenon. In particu-
lar, it has recently been revealed that two highly migratory big whale species have 
been arriving at their feeding grounds in the Gulf of Saint Lawrence in Canada 
increasingly early (Ramp et  al. 2015). In the period 1984–2010, humpback 
(Megaptera novaeangliae) and fin whales have been arriving more than 1 day ear-
lier in each subsequent year. This seems to be related to earlier ice breakup and 
rising sea surface temperatures. This certainly shows some adaptability on the part 
of the whales, but the scientists reporting this change also warn that this adaptability 
may be exceeded as conditions continue to change.

A similar issue may arise for the ‘shelf species’ that have evolved to exploit the 
waters of the continental shelf if the regime there changes so much (e.g. temperature 
rises and/or fish prey move elsewhere) that it becomes inhospitable to them. Can the 
‘shelf cetaceans’ simply move to a new area? For example, such animals being 
‘pushed’ off the continental shelf around the UK may not be able to find suitable 
habitat if they move northwards (as suggested by MacLeod et  al. 2005, 2008). 
Similarly, for those animals whose habitat is in deep water trenches, like the beaked 
whales, what happens if local conditions change in terms of temperature or some 
other key factor such as loss of prey (Simmonds 2016)? Will these animals be able 
to disperse to similar habitats elsewhere?

It is perhaps easier to see the risk for a cetacean population that is actually physi-
cally constrained from moving away from adverse change. For example, the remaining 
river dolphin species are mainly confined to sections of specific tropical river systems, 
and their movements are increasingly limited by major waterway modifications, espe-
cially dams. Their capacities to alter their distributions in response to unfavourable 
changes are seemingly far more limited than the dolphins of the open oceans. Similarly, 
species living in enclosed sea areas, such as the three cetacean species found in the 
Black Sea (short-beaked common dolphin (Delphinus delphis), Black Sea bottlenose 
dolphin (Tursiops truncatus ponticus) and harbour porpoise (Phocoena phocoena)), 
may find it impossible to make mitigating range changes as conditions alter there.

8  Evaluating the Welfare Implications of Climate Change for Cetaceans
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Most people are now becoming acquainted with the vulnerability of the polar 
bear to climate change and especially the loss of its sea ice habitat (eloquently 
described here in Chaps. 2, 23–25 and 28). Less well appreciated is the relationship 
between several cetacean species and the same retreating sea ice. Narwhals 
(Monodon monoceros) in particular are viewed as especially vulnerable (Laidre 
et al. 2008). From the available information it is possible to diagrammatically sum-
marise at least some of the linkages between climate change-driven effects and 
impacts on marine mammal populations (Fig. 3.1).

8.4  �The Human Dimension

Figure 8.1 introduces the concept of impacts on marine mammals that are mediated 
by changes in human behaviour in response to climate change. For example, we 
may move our centres of population or our major marine activities, and these actions 
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Fig. 8.1  Some of the potential linkages between climate change and effects on marine mammal popu-
lations (after Simmonds 2016). From top to bottom, physical changes (white boxes inside yellow box) 
are linked to habitat effects and then impacts on species in the yellow boxes below. The red text and 
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may impinge on marine mammals in new ways. As described by Alter et al. (2010), 
impacts on marine mammals may include:

•	 Increased disturbance from shipping and other marine activities—leading to 
stress and interference with behaviour, including communication

•	 Increased exposure to loud noises—leading to acoustic masking1 or even physi-
cal harm (hearing damage and embolisms in tissues)

•	 Increased interference with normal behaviour
•	 Increased take (e.g. as by-catch when fisheries move into new areas)—causing 

deaths in fishing gear which may be prolonged for breath-holding mammals—
and also increased incidents of chronic entanglement with severe welfare impli-
cations (see Chap. 4)

•	 Increased exposure to pollution with chronic health concerns (see Chaps. 3 and 
32) and potentially including increased oil spills associated with vessel move-
ments in new areas

•	 Increased exposure to pathogens (possibly in combination with the immunosup-
pressive effects of certain pollutants) potentially causing disease events

The potential for human-mediated factors to impact marine wildlife is perhaps 
best illustrated by the developing situation in the Arctic. Here the fast retreat of sea 
ice is allowing human activities to expand in the region, including increasing ship 
traffic, fossil fuel exploration and extraction and fishing (Reeves et al. 2014). The 
general prediction for cetacean species to move towards the poles in response to 
climate change (Whitehead et al. 2008; Kaschner et al. 2011) may favour some spe-
cies—at least initially—for example, fin and humpback whales might be able to 
inhabit and exploit the open waters at latitudes where they did not previously occur. 
Meanwhile those species associated with the ice edge—bowheads (Balaena mysti-
cetus), belugas (Delphinapterus leucas) and narwhals—may not only see their 
habitats shrink but may also come into contact with species that they have not previ-
ously met, leading to unknown consequences.

8.5  �The Case for Climate Change as a Welfare Concern 
for Cetaceans

The concern that I am attempting to present here is not about climate change-driven 
extinction, which sadly seems likely to be the case for some wildlife populations, nor 
whether individuals are being killed. The issue is whether or not suffering will increase.

As noted above, reduced prey availability may occur, and this could cause ‘food 
stress’, leading to poor nutrition and potential starvation, likely invoking reproduc-
tive inhibition along the way. Poor nutrition and starvation are clearly welfare 

1 ‘Masking’ refers to the situation where one sound interferes with another making it difficult to 
comprehend key information. For example, the noise from shipping may mean that whales cannot 
hear the calls of conspecifics.
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concerns, and, arguably, reproductive problems could be seen as such too. High 
temperature and nutrient loading could lead to harmful algal blooms that may poi-
son the animals (see Chap. 19), and certainly suffering can be involved in such 
events as well as mortalities. It is also possible that animals that cannot move away 
from changing condition may be exposed to temperatures outside of their prefer-
ence and tolerance. This could be distressing in the short term and may also have 
effects on reproductive performance and on feeding, prey sources and foraging 
behaviours in the longer term. The combined effects of climate change on cetaceans 
from changes to their habitats and prey, in combination with changing human activi-
ties, are likely to cause (and in fact already are probably already causing) increases 
in the incidence of disease, increased entanglement in marine debris and lost fishery 
material (abandoned, lost or otherwise discarded fishing gear—ALDFG) (see 
Chaps. 13 and 18) and wounding and deaths as by-catch in nets (see Chap. 4). These 
are very clearly welfare concerns, and it is thus anticipated that climate change will 
act to exacerbate welfare concerns for marine wildlife.

Can the study of animal welfare science help us to quantify possible impacts of 
climate change? For example, are these concerns minor or severe, acute or chronic 
(and how do we judge this and relative to what baseline); are climate changes affecting 
a large number of animals or only a few; and, ultimately, how concerned should we be?

Writing in 2005, Bill Jordan specifically recognised that non-intentional conse-
quences of human actions on wild animals could be considered as legitimate animal 
welfare concerns. He identified habitat destruction, pollution (including specifically 
PCBs) and the spread of disease and noise (Jordan 2005) as causes for animal wel-
fare concern, all matters that climate change is likely to exacerbate for cetaceans. 
More recently, in May 2016, experts gathered at an IWC workshop to consider non-
whaling welfare issues (IWC 2016). In particular, they considered the potential 
application of the ‘Five Domains Model’ (Mellor and Reid 1994) for wild ceta-
ceans. This provides a framework to enable assessment and grading of the severity 
of different impacts on welfare (Mellor 2015). Figure 8.2 shows a model based on 
this framework which includes a range of factors which could be integrated to pro-
vide an assessment of the welfare impact of commonly identified welfare issues for 
whales and dolphins.

The Five Domains Model was originally developed for livestock, and it is still 
early days for extrapolation to wild cetaceans, but at the IWC workshop (IWC 
2016), it was apparent that the use of a structured framework to analyse and to sup-
port discussion of welfare issues in cetaceans had real merits in terms of allowing 
rational and clear discussion of these issues across a range of stakeholders and 
involved organisations. There will certainly be challenges in use of assessment/
discussion methods in this way, including difficulties in trying to interpret whether 
these wild animals are likely to experience these welfare impacts in the way that 
humans might predict or anticipate. However, there is good and growing evidence 
that cetaceans are animals with highly developed cognitive capacities and that they 
have emotions (Simmonds 2006), including the ability to grieve (Reggente et al. 
2016), and this structured approach to analysis of these questions is promising and 
should be encouraged.
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8.6  �Conclusions

The remarkable penta-radial symmetry of starfish sets them apart from many life 
forms, especially from bisymmetrical vertebrates like us. They are rather ‘alien’ 
really, lacking even a head or a brain, but I am not convinced that they cannot suf-
fer—through, for example, an experience of ‘distress’ at being physically damaged.

When it comes to cetaceans, despite their somewhat fishy forms and great vari-
ety, it should be easier for us to conceptualise suffering in these intelligent and typi-
cally highly social marine mammal. This should enable us to evaluate with more 
empathy how their welfare is being impacted by human actions and to strive to 
respond appropriately and compassionately. Climate change gives us an enormous 
challenge in this (and for human kind more generally), but we are big-brained too, 
and, hopefully, wisdom and compassion will prevail.

I will conclude with the last part of the modern fable that I started this chapter 
with:

The old man made his way to the child and asked her what she was doing.
“I’m saving the starfish,” she replied.
“You are wasting your time. You can’t save them all, so what does it matter?”
Without pause, the child picked up another starfish. She tossed it back into the water. “It 

matters to this one,” she said quietly but emphatically. The old man slowly bent down and 
started to help her.
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Chapter 9
Managing the Welfare of Marine Mammals 
at Mass Strandings in Golden Bay,  
New Zealand

Mike Ogle

Abstract  In this chapter, issues of marine mammal welfare are illustrated through 
recounting three mass stranding events of long-finned pilot whales which occurred 
in Golden Bay, New Zealand. For two of the mass strandings discussed, both were 
reported soon after the whales stranded and had good access and high numbers of 
volunteers assisting Department of Conservation (DOC) staff. One of these strand-
ings had a high refloating success rate (89% of 345 whales), the other a moderate 
success rate (39% of 198 whales). This contrasted with the third stranding (com-
prising of 105 whales) which occurred in a remote location with difficult access 
and was first observed from an aircraft, 1 or possibly 2 days after the initial strand-
ing. When DOC staff arrived at this remote site, less than one quarter of the pod 
was still alive, and these were suffering considerably. Given the whales’ poor 
condition, high degree of suffering and low chance of survival, they were 
euthanised following DOC guidelines. These three mass strandings were rela-
tively large and if combined accounted for approximately one third of the nearly 
2000 cetaceans that stranded in Golden Bay between 1990 and 2016. New Zealand 
has a relatively high occurrence of strandings, with an average of 300 cetaceans 
stranded annually in the last 26 years. Stranding events are recorded on the New 
Zealand Whale and Dolphin Stranding Database, which is maintained by the 
DOC. This government organisation has statutory responsibility for management 
of marine mammals under the Marine Mammal Protection Act. Its role, obliga-
tions under the Treaty of Waitangi and use of volunteers at mass strandings are 
briefly described.
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9.1  �Introduction

Marine mammal strandings are a regular occurrence in New Zealand; between 1990 
and 2016 an average of 300 stranded annually (New Zealand Whale and Dolphin 
Stranding Database, accessed 6th April 2016). Over this period, there have been 308 
mass strandings, with 39 of these mass stranding events involving 50 or more ceta-
ceans. One definition of a mass stranding is a stranding involving more than one 
cetacean that is not a mother-calf pair (Gercai and Lounsbury in Jepson et al. 2013). 
Forty-one species have been recorded as stranding in New Zealand; the commonest 
species to strand is the long-finned pilot whale (Globicephala melas, Traill 1809). 
Long-finned pilot whales are classified as not threatened in New Zealand by Baker 
et al. (2016) and globally as data deficient in the IUCN red list (Taylor et al. 2008). 
The largest recorded stranding in New Zealand of 1000 pilot whales (Globicephala 
sp.) occurred on Chatham Island in 1918.

The Department of Conservation (DOC) is the central government organisation 
charged with promoting conservation of the natural and historic heritage of New 
Zealand. DOC has 1637 staff and 60 offices distributed around New Zealand, 
including offshore islands (DOC 2015a). DOC has the statutory responsibility of 
marine mammal management under the Marine Mammals Protection Act 1978 
(MMPA). Also there is a statutory responsibility on DOC in the Conservation Act 
1987 (the founding legislation of DOC) to give effect to the principles of the Treaty 
of Waitangi. The Treaty of Waitangi is an agreement between Maori (the indigenous 
people of New Zealand) and the Crown (i.e. government) signed in 1840. In practi-
cal terms this means that, at a marine mammal stranding, major decisions are made 
in partnership between DOC and the local iwi/tribe. It is an offence under the 
MMPA to herd or disturb marine mammals without permission from DOC. However, 
the penalties do not apply to anyone providing humane care to stranded, sick or 
injured marine mammals. While DOC is responsible for marine mammal strand-
ings, assistance is often provided by large numbers of volunteers, some affiliated 
with nongovernment organisations, in particular Project Jonah. Project Jonah has 
2200 volunteers trained to assist at marine mammal strandings, and many of these 
volunteers can be mobilised at short notice (Daren Grover, general manager, Project 
Jonah, pers. comm. April 2016). A service level agreement exists between DOC and 
Project Jonah, under which Project Jonah has agreed to provide assistance to DOC 
and to train people for marine mammal strandings (DOC 2015b). The organisa-
tional structure used by DOC during marine mammal strandings follows the 
Coordinated Incident Management System (CIMS) model (NZFS 1998) which is 
adaptable to small and large emergency events.

There are five locations in New Zealand where mass strandings have occurred in 
high numbers: Northland Region, Mahia Peninsula, Golden Bay, Chatham Islands 
and Stewart Island. These five locations account for 84% of cetaceans involved in 
mass strandings. Since 1990 nearly 2000 cetaceans have mass stranded in Golden 
Bay; this is the highest total of these five locations. New Zealand’s third largest mass 
stranding, 345 pilot whales, occurred in Golden Bay in January 1991. Golden Bay 
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(40.6°S, 172.8°E) lies in the north-west corner of the South Island, New Zealand. 
Golden Bay has a population of just under 5000 permanent residents (Statistics New 
Zealand 2013), but is boosted in summer by seasonal residents and tourists. This 
semicircular bay faces east into the South Taranaki Bight, and the entrance (between 
the end of Farewell Spit and Separation Point) is 25 km across (Fig. 9.1). At this 
broad entrance, the maximum depth is around 35 m, and from this the seafloor grad-
ually slopes up to the shoreline (LINZ 1999). Most of the 90 km shore is comprised 
of sandy gently sloping beaches with occasional rocky headlands. However, on the 
southern coastline, rocky headlands dominate, separated by small sandy bays. Along 
most of the shore, large tidal flats are exposed at low tide. The most extensive tidal 
flats are at Farewell Spit; here tidal flats are present along the entire 26 km length of 
the spit and at their widest can extend more than 7 km out from the high tide mark. 
The maximum difference between low and high tide is 4.5 m (LINZ 2015). The 
purpose of this chapter is to illustrate issues of marine mammal welfare at stranding 
events through discussion of stranding events in the Golden Bay area, New Zealand.

9.2  �Puponga, January 1991

At 8:30 am on January 24, 1991, the Golden Bay DOC office received a report from a 
local tour operator that a pod of whales had stranded near Puponga (Stark 1991). 
Twenty minutes later it was confirmed that an estimated 200–300 whales had stranded. 
The whales had stranded on the tidal flat directly south of Puponga Point, adjacent to 

Fig. 9.1  Map of Golden 
Bay. Numbers 1, 2, and 3 
are locations of strandings 
discussed in text as 
follows: (1) Puponga, 
1991; (2) Bush End Point, 
2009; (3) Farewell Spit, 
2015. Inset figure shows 
location of main map in  
New Zealand (Image 
credit: Mike Ogle)
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a river channel (Fig. 9.1 Point 1). Access for people here is relatively easy, with a 
coastal road only 400 m from the stranding site. Weather conditions were favourable 
for a whale stranding: low cloud and rain, strong wind and very cold temperature. 
These conditions would assist in keeping the whales cool and their skin from desiccat-
ing. DOC staff were on the scene from 10:40  am with rescue materials (buckets, 
sheets, slings and whale rescue pontoons). Whale rescue pontoons consist of a lifting 
mat suspended between two inflatable pontoons and are designed to lift whales of up 
to about 2 tons (Project Jonah 2012). The tide had reached its lowest point at 10:30 am 
and had started to return. However, it would not be until mid-afternoon that the water 
would be deep enough to refloat the whales, and high tide was forecast to be at 4:49 pm. 
About 300 volunteers (Nelson Evening Mail 24/1/1991) tended the whales by bucket-
ing water over the whales and covering the whales with wet sheets. At the beginning 
of the day, DOC staff had assessed the whales to be in good condition, but despite this 
and favourable weather, 20 whales died during the day. As the tide came in and whales 
floated, they were guided into a group by the rescuers. The pod was released at approx-
imately 3:30 pm, with almost all of the whales departing as one group.

The exception to this was five whales which swam away before the main pod was 
released. These five animals travelled south-west parallel to the coast for 2.5 km to 
Taupata Point. Despite attempts with a boat to guide the whales away from shore, the 
whales could not be stopped from restranding. Shortly after this, another 40 whales 
also stranded at Taupata Point. It was thought that the earlier five whales were respon-
sible for luring the other 40  in to strand (Stark 1991). Rescuers were sent to these 
whales, but with the tide now receding, 13 whales could not be moved. To increase the 
probability of successfully refloating the other 32 whales that lay in deeper water, 
those whales that could not be moved were euthanised. By 6 pm the remaining 32 
whales had been guided out beyond the low tide and half an hour later swam out to sea.

The next day during an early morning search by helicopter, 26 whales were 
observed stranded at Ferry Point, 15 km south-west of the initial stranding. They 
were spread out in two groups, 1 km apart from each other. The whales were kept 
wet and cool through the day by DOC staff and volunteers. Refloating begun at 
4 pm and the two groups were brought together. For the next 45 min, people made 
a human barrier between the whales and the shore, after which the whales appeared 
to orientate themselves then headed out to sea.

In the initial stranding on the first day, 345 whales stranded; of these 325 were 
refloated and 20 died. Shortly after this first refloating, 45 of these whales restranded, 
13 of which died and 32 were refloated. With another restranding of 26 whales the 
following day, five more whales died. Of the initial 345 whales stranded, 38 died 
and 307 (89%) were successfully refloated.

9.3  �Bush End Point, December 2009

From a chartered light aeroplane, on the morning of December 26, 2009, a large pod 
of stranded whales were seen at the far eastern end of Farewell Spit at an area 
known as Bush End Point (Fig.  9.1, Point 2). The pilot contacted the local air 
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control staff who forwarded the report to the DOC emergency duty phone. Normally 
two DOC staff members would be dispatched to the site to make an initial assess-
ment. However, the site of this stranding was remote and difficult to access; there 
was no road, and vehicles could only be driven to the site along the 22 km of beach 
during the hours either side of low tide. The condition of the whales at this stage 
was unknown. Planning for the worst-case scenario, two additional staff were 
included in the initial assessment team to assist with logistics, and two rifles were 
taken in case euthanasia was determined to be the best course of action that would 
result in the least suffering. On the drive to the site, the four staff members dis-
cussed possible scenarios and the logistical issues these scenarios presented. If the 
whales were in suitable condition for refloating, the most difficult logistical consid-
eration would be getting enough volunteers quickly to the site. A local tour com-
pany did have buses which regularly travelled along the beach to this far end of the 
spit. However, given that the next high tide was at 5:40 pm (and it would not be 
possible to drive along the beach 1–2 h before this), it was highly unlikely that 
enough volunteers could be transported to the stranding site in time to attempt 
refloating the whales on that evening’s high tide. While there was limited accom-
modation associated with the lighthouse at the eastern end of the spit, it would not 
be enough for the anticipated number of volunteers that would be required to under-
take a successful refloating of the pod. If volunteers were taken to the stranding site 
to attempt a refloat, they would need to be completely self-sufficient, including 
food, water, hygiene and shelter.

The initial assessment team, including the author, arrived on site at approxi-
mately 11 am. The pod was scattered over an area of approximately 4 km × 1 km, 
across a broad expanse of sandy tidal flat. The sunny, warm and windy weather 
conditions were not favourable for stranded whales. Without regular wetting, ceta-
cean skin in these conditions soon desiccates, blisters and then peels (Fig. 9.2). At 

Fig. 9.2  Without regular wetting, stranded cetacean skin in exposed warm, sunny and windy con-
ditions soon desiccates, blisters and then peels. Dead pilot whales, from a pod of 105, Bush End 
Point 28/12/2009. Image credit: Greg Napp/DOC
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this time, an automated weather station, 2 km from the stranding site, recorded an 
air temperature of 22 °C and a wind speed of 32 km/h, and no rain had fallen in the 
past 5 days (NIWA 2016). The first few pilot whales approached were already 
deceased. Carcasses were in the early stages of decomposition, some with up to a 
third of the skin dried and peeled off. However, some were still alive, but in very 
poor condition with blistered and/or peeling skin and showing signs of distress. 
Given the physical state of the whales, it was likely they had been stranded for at 
least 1 day, possibly 2. Experience from previous strandings led the team to con-
clude that it was unlikely the surviving whales would live much longer. The deci-
sion was made to euthanise the surviving 26 whales to avoid the whales enduring a 
slow and painful death. This was carried out following DOC guidelines (Boren 
2012) by experienced staff using the rifle. A total of 105 pilot whales had stranded, 
ranging in size from 1.97 to 5.9 m in length. Two years later 21 pilot whales stranded 
at the same site; when they were eventually discovered, they were all already dead.

9.4  �Farewell Spit, February 2015

At 10:50 am Friday morning of February 13, 2016, a staff member of the cafe near 
the base of Farewell Spit phoned the Golden Bay DOC office to report seeing a pod 
of over 30 whales or dolphins. He said the pod was 3–4 km away, stranded on the 
tidal flats of the inner beach (DOC 2015c). At this time, heat haze and distortion 
across the exposed tidal flats at that distance would have made the stranded ceta-
ceans difficult to see and hence difficult to count accurately.

Two DOC staff members, including the author, were dispatched to assess the 
situation and arrived at the stranding site an hour after receiving the report. The 
distance from the base of the spit (and also the end of the road) to where whales 
were stranded was 6 km (Fig. 9.1, Point 3). A large pod of pilot whales was spread 
out in a nearly 1 km long strip of animals, orientated parallel to shore and about 
500 m out from the high tide mark in the tidal sand flat. An estimate was made from 
the top of a high dune of 143 whales, but there were several dense groupings, mak-
ing an accurate count difficult. This information was communicated to the DOC 
office in Takaka, where preparations had already begun. By 1 pm an accurate count 
was made while walking through the pod; the revised (and final) total was now 198 
whales, of which 24 were dead. The skin of some of the live whales had already 
formed blisters, due to desiccation from wind, sun and heat. More DOC staff soon 
arrived, and the local Farewell Spit tour company delivered the first bus load of 34 
volunteers at 2:20 pm. Three more bus loads of volunteers arrived over the next 2 h, 
and a few volunteers had walked the 6 km along the beach from the road end. High 
tide was predicted to occur at 5:20 pm and to reach a peak tide level at the same 
height as that morning’s high tide. The incoming tide reached the first whales at 
about 2:45 pm, and by 4:30 pm about 75% of the pod was floating. At this stage 
there were approximately 100 volunteers and DOC staff on-site and around 170 live 
whales. Ideally, at this phase of a stranding, two people wearing wetsuits would be 
required per whale, to guide and hold the whales in chest deep water for up to an 

M. Ogle



143

hour until the whales have recovered sufficiently from the stresses of stranding to 
regroup as a pod and propel themselves back out towards sea. However, at this 
stage, not only were there not enough people, but some of the volunteers had already 
become cold and exhausted whilst providing initial care to the stranded whales and 
so could not safely stay in the water for long. At 5:20 pm the tide started to recede, 
and while a good number of whales had been directed out away from shore, many 
were still stranded or had restranded. A count at 7 pm gave a total of 88 dead and 12 
stranded live whales. Of these live whales, two were in very poor condition, having 
more than one third of their skin peeled off as a result of desiccation and abrasion; 
both these animals were euthanised that evening. Two more died overnight, and the 
remaining eight were in such poor condition by Saturday morning that these were 
also euthanised.

At 9:45 pm that Friday night, 81 stranded whales were found by a Project Jonah 
volunteer, 6 km west of the initial stranding site and only 1 km from the road end. 
This group of whales was most likely from those that had been refloated a few hours 
earlier. In the past severe injuries (e.g. broken thigh bone, knocked unconscious) 
have occurred to people working at night around stranded whales in Golden Bay. 
Since then it has been the policy to not work around stranded whales at night. So at 
first light, Saturday morning, people began tending to the whales, keeping them wet 
and ‘up-righting’ them. By this time 14 of these whales had died, and one more was 
to die later in the day. High tide was not expected until 6 pm and the whales needed 
to be kept cool and wet until the tide could reach them at about 4 pm. By 9:25 am, 
there were about 150 volunteers tending the whales, and this increased to well over 
200 volunteers by 11:30 am (Fig. 9.3).

Fig. 9.3  Volunteers keeping stranded long-finned pilot whale (Globicephala melas) wet and cool 
at Farewell Spit, New Zealand, February 2015 (Image credit: Murray Hedwig)
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The numbers of volunteers continued to increase through the day with over 400 
on-site by 1:45 pm (Daren Grover, Project Jonah, pers. comm.). About 100 volun-
teers in wetsuits were briefed at 3:30 pm on the refloating phase; following this they 
proceeded to the whales, where the incoming tide had just arrived. When whales are 
first beginning to refloat, people will often endeavour to keep calves paired with the 
adult whale it was stranded next to. However, genetic and spatial analysis of stranded 
whales has shown that calves are often separated from their mothers at strandings 
(Oremus et al. 2013). Half an hour before the forecast high tide time, many of the 
larger whales were still not floating and so unable to be moved to deeper water. As 
high tides vary with many factors and do not always occur at the height or exact time 
predicted, there was no certainty that the tide would rise any further. Therefore, 
rather than the usual orderly process of herding whales together then releasing as 
one group, whales were urgently moved (some using slings and whale rescue pon-
toons on the larger whales) to a nearby narrow shallow channel that led out to sea 
(Fig. 9.4).

The end result was that many of the pods were released individually, rather than 
one large group. Earlier, one whale had been moved in a whale rescue pontoon out 
to a boat and was used as a ‘lure’ for the other whales. To the staff on the boat, there 
was no clear indication whether this ‘lead’ whale had any effect on the remaining 
whales or not. The boat stayed with the whales until 7:45 pm, when the whales were 
last seen ‘swimming well’ and heading out to sea. The total number of whales 

Fig. 9.4  Volunteers guide a pilot whale to deeper water, Farewell Spit 4 pm 14/2/2015 (Image 
credit: Nadia Steenhouwer, Project Jonah NZ)
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successfully refloated on this occasion was 66. From the previous evening 12 whales 
were unaccounted for and also assumed to have successfully refloated. Out of 198 
whales of the initial stranding and over 2 days, a total of 78 whales (39%) were 
assumed to have been successfully refloated and swum back out to sea.

9.5  �Discussion

There are many theories for the causes of marine mammal strandings; for examples 
see those referenced in Evans et al. (2005), Oremus et al. (2013) and Jepson et al. 
(2013). Many of these theories are difficult to prove and may or may not be relevant 
for Golden Bay. Nearshore topography is often mentioned as a possible cause of 
mass stranding. The key topographical features of Golden Bay are its semicircular 
shape and gently sloping seafloor. This has often resulted in Golden Bay being 
called a ‘whale trap’. Another possibility may be that, because the bay is sheltered 
from large ocean swells and has gently sloping beaches, sick whales intentionally 
come here to rest (or die) and are followed in by their pod which then strands.

As illustrated by the stranding survival rates in the three Golden Bay examples 
detailed in this chapter, the proportion of whales that survive a stranding can be 
highly variable. Survival rates at mass strandings for all of New Zealand (1990–
2016) also tend to extremes, with 56% of strandings having no survivors (100% 
mortality) and 15% of strandings in which animals all survive (0% mortality). The 
survival rates for all documented strandings are spread almost evenly between the 
two extremes, indicating that many factors are likely at play in determining the 
‘outcome’ for a stranded animal. One key factor influencing mass stranding survival 
rate in many cases is likely to be the time elapsed between when whales first strand 
and when people start providing care (i.e. wetting and cooling). This factor may 
account for the lower survival rates recorded for locations where the human popula-
tion is low and access is difficult (e.g. Chatham Islands, Stewart Island and 
Fiordland), compared to the higher survival rates near well-populated and accessi-
ble areas.

Maximising the survival rate of stranded marine mammals is a key focus for 
those DOC staff involved in strandings. Current plans to improve stranding survival 
rates include trialling a purpose-designed wheeled gantry, built by A-Ward 
Attachments Ltd (Auckland, New Zealand), for lifting stranded whales and trans-
porting them across tidal flats. A protocol is in place with Massey University, to trial 
the use of ‘on the beach’ blood analysis of stranded pilot whales (similar to what has 
been done for dolphins at Cape Cod (Sharp et al. 2014)), to aid in health assessment 
and triage of the stranded individuals, and proposals to satellite track refloated pilot 
whales to confirm post release survival have recently been discussed. However, the 
key factor in maximising mass stranding survival rate is likely to be early detection, 
followed by rapid deployment of large numbers of volunteers to keep the whales or 
dolphins wet and cool.
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Chapter 10
Social Change in Cetacean Populations 
Resulting from Human Influences

Philippa Brakes

Abstract  Group living has a number of potential ecological and animal welfare 
benefits. The social environment of the 90 or so species (http://www.iucn-csg.org/
index.php/status-of-the-worlds-cetaceans/) of cetaceans is highly diverse, ranging 
from the complex third-order alliances of male bottlenose dolphins (Tursiops sp.), 
to the matrilineal societies of pilot whales (Globicephala sp.), to the apparently 
less social beaked whale species. Nevertheless, even for some beaked whales, 
there is evidence of stable group associations. For larger, long-lived or wide-rang-
ing species, such as blue whales (Balaenoptera musculus), there are also important 
spatio-temporal considerations for interpretation of behaviour and associations. 
As a result of the differing social structures and the opportunity for the transmis-
sion of social information, the relationship between sociality and welfare in this 
order of mammals is multifaceted. Sociality and social dynamics have the poten-
tial to influence individual and group welfare in both a positive and negative man-
ner, and there are complex relationships between sociality, the impacts of 
human-induced rapid environmental change and the welfare of cetaceans. 
E.O. Wilson listed ten ‘qualities’ of sociality. Although used to classify animal 
societies according to their degree of sociality, some of these features also provide 
a useful roadmap for evaluating the importance of sociality for individual and 
group welfare. They are used here to examine the interplay between sociality, wel-
fare and environmental change. The importance of the transmission of social infor-
mation, culture and specific behaviours, such as play, is also explored within the 
context of environmental change and cetacean welfare. It is concluded that a more 
comprehensive understanding of the social mechanisms operating within and 
between cetacean social groups will enable a fuller understanding of the welfare 
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implications of human-induced rapid environmental change. Alongside more tra-
ditional measures of welfare, such as body condition and disease, aspects of soci-
ality may also provide important indicators for establishing welfare condition in 
these highly social species.

10.1  �Introduction

The behaviour of cetaceans is influenced by both extrinsic and intrinsic factors. An 
important extrinsic influence, which potentially affects their welfare, is the social 
environment. The social environment has been described as being comprised of non-
random and heterogeneous social interactions (Krause and Ruxton 2002; Croft et al. 
2008). The social environment of the 90 or so species (IUCN 2016) of cetaceans is 
highly diverse, ranging from the complex third-order alliances of male bottlenose 
dolphins (Tursiops sp.) (Connor and Krützen 2015), to the matrilineal societies of 
pilot whales (Globicephala sp.) (Amos et al. 1993; de Stephanis et al. 2008), to the 
apparently less social beaked whale species. Nevertheless, even for some beaked 
whales, there is evidence of stable group associations (Fedutin et  al. 2015). For 
larger, long-lived or wide-ranging species, such as blue whales (Balaenoptera mus-
culus), there are also important spatio-temporal considerations for interpretation of 
behaviour and associations (Lomac-Macnair and Smultea 2016).

As a result of the differing social structures and the opportunity for the transmis-
sion of social information, the relationship between sociality and welfare in this 
order of mammals is multifaceted. This chapter will first examine how sociality and 
social dynamics have the potential to influence individual and group welfare in both 
positive and negative ways and then will explore the relationships between sociality, 
the impacts of human-induced rapid environmental change (HIREC) (Sih et  al. 
2011) and the welfare of cetaceans.

10.2  �Benefits of Group Living

Group living has a number of potential ecological and animal welfare benefits, which 
include: predator defence, cooperative foraging, mating opportunities and reduced vul-
nerability to infanticide (Silk 2007). But living in groups can also incur costs that are 
important to welfare considerations: by facilitating the spread of disease, or increased 
parasite burdens, or through increased conspicuousness to predators and competition 
for resources (Krause and Ruxton 2002). Whilst the interplay between behavioural 
ecology and conservation of marine mammals is a developing field (Brakes and Dall 
2016), beyond spread of disease or parasites, the importance of sociality is often over-
looked when developing welfare metrics for wild marine mammal populations.
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Group living, and in particular social structure and social information use, can 
influence fitness, gene flow and spatial distribution (Wilson 1975; Dall et al. 2005), 
all of which may have welfare implications. E.O. Wilson listed ten ‘qualities’ of 
sociality: group size, demographic distribution, cohesiveness, patterns of connect-
edness through communication, permeability of movement between social groups, 
the extent to which the population contains distinct social units, differentiation into 
social roles, integration of behaviour, information flow and the percentage of time 
devoted to social behaviour. Whilst these characteristics have been used to classify 
animal societies according to their degree of sociality, some of these features also 
provide a useful roadmap or framework for evaluating the importance of sociality 
for individual and group welfare (see Table 10.1).

Table 10.1  Wilson’s ten ‘qualities’ of sociality (Wilson 1975) and welfare considerations for 
cetaceans

Quality Welfare considerations

Group size Welfare benefits may include predator defence, cooperative foraging, 
mating opportunities and reduced vulnerability to infanticide (after 
Silk 2007). Here ‘group’ is defined as ‘animals that actively achieve or 
maintain spatiotemporal proximity’ (after Whitehead 2008). However, 
some of these welfare benefits may also be obtained in aggregations, 
which are not the result of social interaction but instead result from 
patchy resource distribution

Demographic 
distribution

Populations and social groups may to some extent be robust to 
fluctuations in demographic distribution (from a welfare perspective), 
but this may depend on the extent and duration of parental and 
alloparental care and the social role of older individuals in predator 
defence or resource acquisition (Johnstone and Cant 2010; Whitehead 
2015)

Cohesiveness Wilson (1975) suggested that the proximity of individuals may be used 
as an index of sociality. Today the more common measure is the rate 
of interactions (Whitehead 2008). If the rate of interactions correlates 
with social behaviours, such as cooperative foraging, then it may 
follow that successful feeding could be correlated with interaction rate

Patterns of 
connectedness through 
communication

Cetaceans live in an aqueous medium, communicating through sound 
and touch, with some species using echolocation. As a result they 
interpret their world principally through sound. Communication is 
central to sociality, and as well as communicating vocally and through 
touch, there is some evidence that dolphins may eavesdrop on the 
echolocation of others (Gregg et al. 2007). Communication may also 
be important for the transmission of information, which may in turn be 
relevant to welfare, specifically where this relates to resource 
acquisition

Permeability of 
movement between 
social groups

May be important in relation to the spread of information between 
social groups, which may also be relevant to welfare in terms of 
information about predators and resource acquisition

(continued)
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For example, female pilot and killer whales exhibit a post-reproductive phase—a 
developmental stage extremely rare in mammals—which indicates that these older 
females have an important role within their social group (Johnstone and Cant 2010). 
This is supported by evidence that post-reproductive female killer whales boost the 
fitness of kin (possibly through the transfer of ecological knowledge, for example 
about foraging) (Brent et al. 2015). There is also complex interplay between ceta-
cean social structure and the transmission of social knowledge (Cantor and 
Whitehead 2013). We do not yet understand the short- and long-term effects on 
individual welfare of disrupting such complex social systems.

Nevertheless, the buffering effects of social support are well recognised in our 
own species and, it is argued, are also relevant to farm animal welfare (Rault 2012). 
Since sociality itself evolved in response to various environmental challenges 
(Wilson 1975), it is perhaps to be expected that social support would be relevant to 
the welfare of many other species.

Table 10.1  (continued)

Quality Welfare considerations

Distinct social units Potentially relevant to the emergence of unique social behaviours and 
cultures. Resilience to environmental change may depend on the 
degree of behavioural plasticity exhibited within distinct social units 
and how plastic or conservative these social units are (in terms of 
information and social structure) in the face of external pressures 
(CMS 2014)

Differentiation into 
social roles

Female pilot and killer whales exhibit a post-reproductive phase, 
indicating an import role within their social groups (Johnstone and 
Cant 2010). This is supported by evidence that post-reproductive 
female orcas boost the fitness of kin (Brent et al. 2015). The removal 
of individuals with key social roles may have welfare repercussions for 
their social group (Williams and Lusseau 2006)

Integration of 
behaviour

Whitehead (2008) argues that measuring synchrony may be one way 
to examine integration of behaviour. The welfare implications of 
synchronous behaviour in cetaceans have not yet been extensively 
examined, but synchrony likely influences energy expenditure whilst 
travelling and hunting
It may also be useful to examine how fluctuating asymmetry (FA) 
(Tomkins and Andrews 2001; Swaddle 2003) varies in relation to 
synchronous and other integrated behaviours. For example, FA may 
provide some insights in the distribution of personality types (Fink 
et al. 2005) within a social group, with potential consequences for 
individual and group welfare

Information flow May be relevant to resilience, particularly in relation to innovative 
foraging techniques, resources patches and safe habitat (McNamara 
and Dall 2010; CMS 2014)

Time devoted to social 
behaviour

The welfare implications of the proportion of time devoted to social 
behaviour depend on the cost and benefits to the individual of 
spending time exhibiting that behaviour, which may be contingent on 
the other qualities of sociality identified by Wilson (1975)
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10.3  �Social Learning and Social Information Use

For species that learn in social groups, the spread of information through social 
learning may be a key determinant of some responses to HIREC (Sih et al. 2011; 
Sih 2013). However, the importance of social information and social learning in 
relation to animal welfare has received little attention. Nevertheless, social learning 
is important in many mammalian species (Thornton and Clutton-Brock 2011), and 
it is likely that both opportunities for innovation and transmission of social informa-
tion in the wild have implications for welfare, by enabling resilience to ecological 
and anthropogenic stressors. An example is the diversification of foraging strate-
gies, through the use of tools, such as the sponges used by some bottlenose dolphins 
to assist foraging (Krützen et al. 2014).

As well as providing alternative prey items and potentially a more diverse diet, 
diverse foraging strategies could potentially provide latent resilience in the event that 
a particular prey type becomes unavailable. In contrast, the southern resident popula-
tion of killer whales (Orcinus orca), which have developed a feeding specialisation 
on chinook salmon (Oncorhynchus tshawytscha), may be less resilient to fluctua-
tions in prey abundance as a result of their cultural conservatism (Whitehead 2010).

Nevertheless, whilst social learning acts much faster than the intergeneration 
process of natural selection of genes and may play an important role in species’ 
response to rapidly changing environments, other factors may also be at play. It is 
important to distinguish these other influences, such as local enhancement. The 
transmission of information in response to HIREC may also lead to maladaptive 
behaviours (Tuomainen and Candolin 2011). For example, sperm whale (Physeter 
microcephalus) depredation of sablefish from demersal longlines in the Alaskan 
fishery may be the result of social learning, but the fishing vessels may themselves 
be providing an acoustic cue (Thode et al. 2014). Whilst the welfare outcomes for 
these whales remain the same (potential entanglement), understanding the mecha-
nisms associated with the behaviour can provide important insights for mitigation.

10.4  �Culture

Social learning can result in persistent behavioural traits within a social group. It has 
been argued by Whitehead and Rendell (2015) that culture arising from social learn-
ing is widespread across many cetacean species. They define culture as: information 
or behaviours—shared within a community—which are acquired from conspecifics 
through some form of social learning.

The relationship between culture and individual and group welfare may be com-
plex. There is good evidence that in some cetacean species, such as sperm and killer 
whales, cultural behaviour helps to shape both social relationships and social struc-
ture (Cantor et al. 2015) and potentially helps to develop symbolic markers of group 
identity (Whitehead and Rendell 2015). The welfare implications of disrupting 
these social systems are not yet well understood.
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Although stranding behaviour may have various causes, it has also been sug-
gested that there may be a link between conformist cultures and mass stranding in 
some odontocete (toothed whale) species (Rendell and Whitehead 2001). In the 
short-term, maladaptive cultural behaviour can evolve much more rapidly that 
genetic selection can counter it (Richerson and Boyd 2005; Whitehead 2010). The 
transmission of maladaptive behaviour arising as the result of human activities may 
have consequences for both individual and group welfare through lack of capacity 
to adapt rapidly to human-induced change.

10.5  �Human Activities, Cetacean Sociality and Welfare

HIREC is now a widely acknowledged phenomenon (Sih et al. 2011), and there are 
few terrestrial or marine habitats that are not in some way affected by human activi-
ties. There are many ways that human activities can influence habitat quality, from 
climate change and ocean acidification, pollution, degradation of habitats, to deple-
tion of prey by fisheries. One challenge for evaluating the animal welfare implica-
tions of HIREC is determining which aspects of sociality may be the most vulnerable 
to human-induced change and which anthropogenic threats are likely to impact 
sociality in the most significant ways. The behavioural domains which may be influ-
enced by HIREC include: communication, foraging, migration and habitat use. The 
disruption of any of these behaviours has potential welfare implications.

Acute, direct threats to individual welfare, such as hunting and by-catch, may 
result in the removal of individuals that have a specific social role (Williams and 
Lusseau 2006). The impact of indirect threats, such as noise pollution, may influ-
ence the welfare of entire social groups in a chronic manner. However, welfare 
outcomes may be contingent on the ‘strength’ of the threat, since intense anthropo-
genic noise can result in acute, as well as chronic, welfare issues for cetaceans, and 
hunting may have long-term impacts beyond the loss of individual animals. As a 
result, there are no rules to follow when considering the impacts of HIREC on ceta-
cean sociality, and each case must be evaluated independently. Nevertheless, there 
are some specific issues worth considering.

10.6  �Noise and Sociality

One of the most important ways in which sociality, habitat and HIREC intersect for 
cetaceans is through the increase of anthropogenic noise in the oceans. Noise may 
have particularly profound effects on welfare if it has an influence on habitat selec-
tion or communication. Although ocean noise is a natural phenomenon, there is 
evidence that humpback whales (Megaptera novaeangliae) may not be able to cope 
with an increase in anthropogenic noise in the same way that they seem able to off-
set fluctuations in natural noise (Dunlop 2016). There is also strong evidence for 
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auditory masking in some marine mammal populations (Erbe et al. 2015), which 
may result in changes in call rate or frequency. Interference with communication 
has unknown welfare implications, but it is conceivable that this type of disruption 
could influence cooperative behaviour (such as cooperative feeding strategies) or 
limit the ability to find a suitable mate or warn others about the presence of 
predators.

10.7  �Removals Through Hunting and By-Catch

The welfare issues associated with hunting of cetaceans and incidental by-catch 
have been explored extensively (Bass and Brakes 2013). However, there may also 
be more subtle effects for social groups which should also be considered. For exam-
ple, the removal of individuals that act as repositories of social knowledge may have 
welfare implications for their social group, beyond simple individual removals, 
which may have repercussions for subsequent generations, as evidenced in elephant 
social groups (McComb et al. 2001; Shannon et al. 2013).

There is good evidence from mitochondrial DNA that the calves of some species 
of baleen whale learn migration routes from their mothers (Carroll et  al. 2011; 
Baker et al. 2013; Carroll et al. 2014). This social learning is thought to happen at a 
key stage in calf development. If this process is interrupted by significant removals 
through hunting, this may result in the loss of cultural knowledge, potentially an 
impediment to range recovery following exploitation (Clapham et  al. 2008). In 
addition to the conservation issues associated with loss of cultural knowledge (CMS 
2014), there are also related welfare concerns, particularly if knowledge about criti-
cal feeding habitat or safe havens from predators is lost.

In addition to the potential to remove key individuals who act as repositories for 
cultural knowledge, removing individuals from social groups has other welfare 
implications, such as leaving behind dependents. The plight of suckling calves 
whose mothers have been killed is often considered a welfare priority, but there may 
be other dependents within social groups which rely on social support, such as 
elderly or injured individuals, although these individuals may be difficult to iden-
tify. In addition, for those species that exhibit alloparental care (Best et al. 2015; 
Sakai et al. 2016), the welfare consequences of disruption to social networks are not 
yet well understood.

10.8  �Pollution

The oceans are now replete with xenobiotic compounds (non-biological, chemical 
compounds foreign to living organisms). Residing at the top, or near the top of food 
chains, cetaceans are particularly vulnerable to bioaccumulation of chemical pollut-
ants (for a full discussion of anthropogenic threats to cetaceans, see Brakes and 
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Simmonds 2013). Marine debris is also an increasing area of concern, although the 
full extent of the threat from ingested plastics and other marine debris remains 
unclear (Simmonds 2012). Some welfare implications are evident, through entan-
glement and ingestion, but the implications of pollution for sociality, and resulting 
impact on welfare, are unknown. We do know that pollution and marine debris can 
degrade habitat quality which may have implications for how whales and dolphins 
use space, and it has been argued that such effects deprive wildlife of ‘life-sustaining 
habitat’ (Paquet and Darimont 2010).

In addition, there is some evidence that certain types of chemical pollution may 
cause immunosuppression and reproductive impairment (Reijnders 1996; Houde 
et  al. 2005), which may have implications for the social transmission of disease 
within and between social groups and potentially, reproductive behaviour.

10.9  �Disturbance and Anthropo-Dependence

Persistent disturbance from vessel activity can lead to habituation or displacement 
from critical habitat. Research with North Atlantic right whales has indicated that 
whilst they showed little or no behavioural response to approaching vessels, they 
reacted mildly to the vocalisations of conspecifics and strongly to an experimental 
alert signal (Nowacek et al. 2004).

On the other hand, HIREC can also provide novel foraging opportunities for 
cetaceans, e.g. through provisioning (i.e. supplying opportunities for foraging, such 
as from trawler discards) (Mann and Kemps 2003) or cooperative fishing (Daura-
Jorge et  al. 2012). Such activities can create what has been termed anthropo-
dependence (CMS 2014). Over time these human influences could change social 
structure and behaviour (Donaldson et al. 2012; Ansmann et al. 2012) or potentially 
create vulnerability within the social group involved, if the human activity were to 
change or cease.

10.10  �Human Influences on Play Behaviour

Play is a widespread behaviour in mammals and there are many examples of 
object play among wild odontocetes (Kuczaj and Eskelinen 2014). Play has an 
important role in ontogeny (an organism’s development). It is essential for social 
development and for learning motor skills that will be important for survival 
(Janik 2015). It is also important for developing social relationships and under-
standing social dynamics and may be an important aspect of alliance formation. 
As a result, although play frequency may decrease with age, play may have a role 
in ensuring good welfare of an individual throughout their life cycle (Held and 
Špinka 2011).
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It is easy to misinterpret apparently exuberant behaviour in dolphins as play, but 
some behaviours, such as bow riding or creating bubble rings, in the absence of 
alternative explanations do strongly point towards play (Janik 2015) (Fig. 10.1).

Whilst there are few empirical studies on how play behaviour in cetaceans may 
be disrupted in the wild by human activities, disturbance and harassment are some 
of the activities most likely to have long-term effects on play behaviour. Marine 
mammals exhibit play behaviour under a wide range of natural circumstances, but 
where baseline data are available, cases of chronic disturbance should be examined 
for influence on diversity and frequency of play among all age cohorts.

10.11  �Morality, Sociality and Welfare

It has been argued cogently that species other than our own have the capacity for 
moral behaviour and that morality has the potential for evolutionary advantage 
(Broom 2006). Moral behaviours include behaviours such as cooperation, 

Fig. 10.1  Tail-walking behaviour in a bottlenose dolphin from Port Adelaide, Australia, learnt 
during rehabilitation in captivity, and transmitted some years later through a social group when the 
individual was returned to the wild. The behaviour may be play, but its transmission could poten-
tially develop into an ethnic marker within the social group. Image credit: Mike Bossley
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empathetic and justice behaviours, where moral behaviour is defined as ‘a suite of 
interrelated other-regarding behaviours that cultivate and regulate complex interac-
tions within social groups’ (Bekoff and Pierce 2009; Pierce and Bekoff 2012). The 
manner in which sperm whales moderate the use of their echolocation clicks (the 
most powerful sonar in the animal kingdom) has been suggested as an example of 
moral agency in cetaceans. In some regions these whales hunt in fairly compact 
groups, and it is thought that the potential risk of harming a conspecific through this 
intense sound production, specifically damaging others hearing, may be mitigated 
by socially learnt ‘codes of conduct’ within the group (for more examples of poten-
tially moral behaviour in cetaceans, see Whitehead and Rendell 2015).

On first inspection, the topic of animal morality seems tangential to the issue of 
animal sociality and animal welfare. Nevertheless, a closer examination reveals 
some important intersections. Since social relationships and networks can add pro-
ductivity to certain activities (Corning 2012), it follows that such productivity may 
have welfare implications and may be contingent on individuals within a network 
sticking to some rules of engagement. It is also conceivable that a threshold popula-
tion size would be required for a particular moral framework to develop and be 
maintained within animal societies. Arguably, there is some reciprocal adaptive 
advantage between moral behaviours and living in social groups, in that sociality is 
required for the development of moral codes and moral codes themselves can assist 
social living and individual welfare.

Hal Whitehead argues in relation to mass stranding of some odontocete species 
that ‘cultural group conformity in movement patterns may override an individual’s 
survival instincts when the group gets into trouble’ (further described in Brakes and 
Simmonds 2013). This suggestion that social cohesion may override individual 
interests is conceptually challenging and certainly very difficult to test empirically. 
But such intense cohesion could potentially have adaptive advantage in other cir-
cumstances, and if accurate, this could also have far-reaching welfare implications 
in terms of social group size and composition.

10.12  �Cognition, Human Influences and Welfare

It is argued that the responses of wildlife to human influence, and human environ-
mental change, are governed by cognitive processes ranging from perceptual pro-
cesses to learnt behaviour. A better understanding of these cognitive processes can 
be utilised to reduce human impacts on wildlife (Greggor et al. 2014). By the same 
rationale, if cognition underlies a behaviour that is relevant to welfare, then under-
standing these cognitive processes may help in achieving better welfare outcomes 
for wild cetaceans.

Greggor et al. (2014) argue that mitigation methods used to stop birds colliding 
with human structures, such as wind farms, will only be effective if they are reliably 
perceived by the birds and that this perception is rapidly learnt (both of which are 
cognitive processes). Their argument is that ‘cognitive theory can thus help predict 
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how best to manipulate and exploit attentional biases, innate responses, and learning 
tendencies to enhance conservation efforts’. The question then, from the perspective 
of the social aspects of cetacean welfare, is: how can a better understanding of ceta-
cean cognitive processes inform mitigation efforts from human impacts such as 
entanglement, or in areas where there is a high risk of ship strikes, so that nets, 
approaching boats or hazardous habitat can be reliably perceived, and the associated 
danger rapidly learnt by individuals, reacted to and then possibly transmitted?

10.13  �Conclusions

Sociality is important for evaluating the impact of human activities on animal wel-
fare (see Table 10.2). For highly social species, which demonstrate high-order cog-
nitive capacities, such as cetaceans, this may be a particularly important 
consideration. Knowledge about sociality may lead to better understanding of their 
cognitive processes, and this may in turn facilitate better mitigation methods for 
protecting individual and group welfare.

There is an indisputable and important link between animal welfare and conser-
vation outcomes. Collaboration between these two fields and incorporation of some 
of the emerging knowledge on cetacean sociality are likely to enable better out-
comes for individuals, social groups and potentially populations.

Broom argues that the term humane can be applied where the treatment of ani-
mals is such that ‘their welfare is good to a certain high degree’ (Broom 2013). With 
our developing understanding of the complexity of some cetacean societies and the 
importance of certain associations for individual and group welfare, human activi-
ties in the ocean cannot be determined as ‘humane’ (using Broom’s definition) if 
they interfere with social structure and processes. A better understanding of how 
human activities influence the welfare of cetaceans will only be achieved when 
aspects of sociality are also taken into consideration, alongside the range of more 
traditional welfare indicators such as body condition, wounding and disease.

Table 10.2  Summary of importance of social living for cetacean welfare

Positive Negative

Resilience to change and adaptation 
through social learning

Conservative cultures may hinder adaptation and 
resilience
Potential for spread of maladaptive behaviour 
through social learning

Individuals may act as repositories of 
social knowledge for the social group

Vulnerability from removal of repositories of social 
knowledge or individuals with specific role

Potential for alloparental care in some 
species

Vulnerability of some cohorts and dependents if 
‘carers’ are removed

Predator defence and foraging 
cooperation

Foraging competition

Disease transmission
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Chapter 11
Cetaceans in Captivity

Rob Lott and Cathy Williamson

Abstract  Several species (and over 3000 individuals) of small cetacean are held in 
captivity around the world, primarily for public display and entertainment. Scientific 
evidence strongly supports concerns about individual animals’ welfare, including 
mental and physical health. Conditions in captivity cannot meet an individual’s bio-
logical needs, and restricted space, a limited social environment, artificial surround-
ings and behavioural restrictions all contribute to stress and early mortality. Wild 
cetacean populations in some countries are targeted by live captures to supply the 
public display industry, presenting a risk to conservation as well as welfare. Public 
opinion is shifting on cetacean captivity and may signal a change in the way ceta-
ceans are held in captivity in the future.

11.1  �Introduction

The capture and confinement of cetaceans presents a challenge to marine mammal 
welfare. The most commonly held cetaceans in captivity are belugas (Delphinapterus 
leucas), bottlenose dolphins (Tursiops truncatus or Tursiops aduncus) and orcas or 
killer whales (Orcinus orca). Other species, including finless porpoises 
(Neophocaena phocaenoides), harbour porpoises (Phocoena phocoena), Indo-
Pacific humpbacked dolphins (Sousa chinensis), Irrawaddy dolphins (Orcaella bre-
virostris), Pacific white-sided dolphins (Lagenorhynchus obliquidens), Risso’s 
dolphins (Grampus griseus) and short-finned pilot whales (Globicephala macro-
rhynchus), are among those species which are also held in captivity (Couquiaud 
2005; Ceta-Base 2016a).
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While a few of these small cetacean species are held for research or even military 
purposes, the vast majority are held for public display and entertainment in stand-
alone commercial facilities (‘dolphinaria’) or as exhibits in zoos or aquaria (Reeves 
and Fisher 2005). The majority of such facilities use the cetaceans in circus-style 
shows featuring tricks that bear little resemblance to the types of behaviour seen in 
wild cetaceans or which present a trained or choreographed version of ‘wild-type’ 
behaviours. An increasing number of facilities also offer interaction programmes 
where members of the public feed, touch or enter the cetacean enclosure to wade or 
swim with the individuals held (Whale and Dolphin Conservation 2015).

At least 3000 individual cetaceans are held in more than 50 countries around the 
world and in well over 300 facilities (Ceta-Base 2016a). In most countries where 
cetaceans are held, there is no official reporting system, and so the exact numbers of 
captive animals are hard to determine (Whale and Dolphin Conservation 2015; 
Whale and Dolphin Conservation Society 2009).

Welfare science is a growing field, and it is only recently that the first steps have 
been taken to quantify and systematically measure welfare among captive cetaceans 
(Clegg et al. 2015). Nevertheless, scientific evidence strongly supports a number of 
concerns relating to mental and physical health among captive cetaceans, all of 
which can have potentially negative impacts on an individual’s welfare or wellbeing 
and, ultimately, on the animal’s health and mortality (Rose 2014; Waples and Gales 
2002; Maas 2000; Small and DeMaster 1995a). Ill health is difficult to diagnose in 
captive cetaceans (Rose et al. 2009) as clinical signs are often very subtle or are 
masked. It is not uncommon for dolphinarium staff to find an individual who is 
initially lacking in appetite, dying one or two days later and before any cause can be 
determined or treatment administered (Blake 2012). Furthermore, the lack of col-
lated available data on captive cetaceans, and of their physiological, behavioural, 
survival and reproductive data (Whale and Dolphin Conservation 2015), currently 
makes effective welfare assessment problematic.

The primary threat to a cetacean’s welfare in captivity is the zoo or aquarium’s 
inability to provide a species-specific environment that meets an individual animal’s 
biological needs (Whale and Dolphin Conservation 2015). Restricted space, a lim-
ited social environment, artificial surroundings and behavioural restrictions all con-
tribute risk factors for stress, may contribute to abnormal behavioural changes, 
affect the health of the animals, necessitate the use of tranquilisers and result in 
early mortality in some animals (Maas 2000; Noda et al. 2007; Knight 2013).

11.2  �Restrictive Space

In the wild, cetaceans are almost always in motion, even when resting. Many travel 
great distances every day, in search of food and for other activities. This is natural 
behaviour, for which they have adapted physically and behaviourally. Captive 
facilities provide only a fraction of the space across which a cetacean would travel 
in the wild (Tyack 2009). Bottlenose dolphins can travel tens of kilometres a day 
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(Mate et al. 1995) with home ranges often exceeding 100 km2 (Sprogis et al. 2015). 
A wild orca pod can cover over 160 linear kilometres a day, foraging and socialis-
ing (Baird 2000).

Even in the largest facilities, such as those at SeaWorld parks in the United States, 
a captive orca, for example, would need to swim around the perimeter of its tank 
1400 times each day to cover the distance of its wild counterpart (Fig. 11.1). Pool 
depth is also severely restricted, as is the ability to swim at high speed. A common 
feature of captive orca ‘society’ (the social arrangements of a group kept in captivity) 
is the presence of dominant, often aggressive, hierarchies (Hargrove 2015). Restrictive 
enclosures offer no opportunities for subordinate whales to escape any given situa-
tion in order to diffuse an altercation. Similar threats are also known to exist for 
bottlenose dolphins and belugas in captivity (Waples and Gales 2002; Evans 2015).

Space may be further limited in captivity by the introduction of visitors to the 
cetacean’s environment in ‘swimming with dolphins’ and other interaction pro-
grammes. Close contact between cetacean and human individuals in these pro-
grammes has potential to lead to the transmission of disease (Couquiaud 2005; 
Geraci and Ridgway 1991; Waltzek et al. 2012; Buck and Schroeder 1990; Hunt 
et al. 2008).

Fig. 11.1  The equivalent daily distance travelled in the wild by an orca cannot be achieved in a 
captive facility. Image credit: Kimberley Palfi for Whale and Dolphin Conservation
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11.3  �Limited Social Environment

Cetaceans are highly social, forming wide-ranging communities and societies built 
on complex structures and with individual interdependence formed from strong 
social bonds (King and Janik 2015; Krasnova et al. 2014; Blasi and Boitani 2014; 
Cantor and Whitehead 2013; Whitehead 2011).

In captivity, the social environment is severely limited. Individuals sharing a 
pool are often unrelated, may have been collected from widely different loca-
tions or may even be from different species or subspecies (Rose et al. 2009), and 
these mixtures of animals may not, therefore, share a common dialect. This may 
hinder their ability to exchange information and, as a result, limit social bonding, 
as individuals may not recognise the sounds or signals made by one another 
(Fig. 11.2).

Waples and Gales (2002) noted that psychological stressors in captive dolphins 
can be linked to social interactions between individuals, and this can result in 
aggression, injury, illness and impacts on the ability to rear calves and even result in 
death, where, in a limited physical environment, social pressures can escalate and 
social encounters intensify with limited opportunity to escape. These authors rec-
ommend that group structure in captivity should resemble that found in the wild. 
But captivity cannot provide the fluidity of group composition experienced by wild 
cetacean populations or provide the space to allow cetaceans to disperse from one 
another during conflict, avoidance mechanisms which are probably essential to 
reduce stress and violent encounters (Frohoff and Packard 1995).

Fig. 11.2  Individuals sharing a pool are often unrelated, perhaps hindering their ability to 
exchange information with one another. Image credit: Lee Harrison
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Research has shown that orca societies have developed strong bonds between 
group members with individuals rarely spending more than a few hours apart from 
one another (Bigg et al. 1990). In this respect, they may be more highly bonded than 
humans. Orcas, like other dolphin species, can recognise themselves in a mirror 
(Delfour and Marten 2001), a trait that researchers attribute with being self-aware. 
This indicates that these animals probably have complex knowledge of themselves 
and their environment and so are likely to have thoughts about themselves and the 
world around them (Reiss and Marino 2001; Butterworth et al. 2013). Cetaceans are 
also considered to possess unique ‘dialects’ and have evolved a rich culture which 
is passed down through generations (Ford 1989).

The historic reputation of orcas as ruthless killers (Hoyt 1990) has given way to 
a greater appreciation of a creature that scientists now believe may be second only 
to humans in terms of behavioural, linguistic and ecological diversity and com-
plexity (Rose 2014). Life in a small tank removes huge portions of the animals’ 
capacity to make decisions, to judge situations focussed on feeding, social interac-
tion or mobility, and profoundly limits ‘choice’ for these complex, sentient beings. 
They are denied key life strategies such as the ability to hunt, to explore and to 
migrate.

11.4  �Aggression

A striking feature of orca society is the virtual absence of overt aggression within 
and between pods and ecotypes and also existence of a culture of cooperation and 
team work that prevails among groups of animals (Spong and Symonds 2000). 
The only recorded incident of a wild orca attacking a human occurred in 1972 
when a Californian surfer, possibly mistaken for a seal, was bitten by an orca 
before being rapidly released (Lodi News-Sentinel 1996). The last 50 years have 
generated a long catalogue of aggressive acts by captive orcas towards each other 
and their trainers (Kirby 2012). Tilikum and Keto, male orcas held by SeaWorld, 
were implicated in the deaths of four humans (including three trainers) as docu-
mented in Gabriela Cowperthwaite’s powerful, ground-breaking film, Blackfish 
(Fig. 11.3).

In 2015, a beluga died at a SeaWorld park after developing an infection in his 
jaw that was fractured during what was described as an ‘interaction’ with two 
other whales (Evans 2015). Visitors are also at risk of cetacean aggression. In 
2008, three tourists were injured while swimming with dolphins in Curaçao after 
a bottlenose dolphin breached on top of them, seemingly deliberately (Rose 
et  al. 2009; Marine Connection 2008). A number of such incidents have been 
reported in the media around the world, with many others likely going unre-
ported (Vail 2012).
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11.5  �Early Pregnancy and Calf Separation

In captivity, because of the artificial nature of the environment and the fact that 
calves of a number of cetacean species held in captivity are often separated from 
their mothers at a young age, whales and dolphins cannot learn the skills important 
to survival or essential nursing skills necessary to care for their own young (Rose 
et al. 2009). High rates of neonatal mortality are considered a major problem in 
captivity (Van Lint et al. 2006).

In the wild, orcas typically have their first calf at around 14 years of age and 
subsequent calves at intervals of approximately five years (Olesiuk et al. 2005). In 

Fig. 11.3  There are no accounts of orcas deliberately attacking humans in the wild. In captivity, 
there are many recorded incidents of aggression by captive orcas towards each other and their 
trainers, some fatal. Image credit: Kimberly Palfi for Whale and Dolphin Conservation
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captivity, however, orcas have routinely become pregnant—including via artificial 
insemination—much earlier (Hargrove 2015). At Loro Parque in the Canary Islands, 
Kohana, a female orca, became pregnant at just seven years of age and gave birth to 
Adan, a male, in 2010. In 2012, Kohana became pregnant again by the same male 
and gave birth to a female, Vicky. This young orca mother had two calves by the age 
of 10 and rejected them both. One theory as to why she did this is that she had no 
idea what to do with them as she herself was removed far too early from her own 
mother. This ‘de maternalisation’ is likely to be due to failure of one generation to 
‘teach’ the next generation maternal skills. The calves had to be hand-reared by 
trainers, but, tragically, Vicky died in 2013 at just 10 months of age (Batt 2012).

The captive orca industry has a shallow gene pool (a limited number of reproduc-
tive animals), leading to many accounts of inbreeding. The father of both of 
Kohana’s calves was in fact her uncle. Both Adan and Vicky were blood related to 
over 80% of the orcas held at SeaWorld, and Vicky and her mother shared the same 
grandfather (Batt 2012).

Wild orca offspring in the most studied populations stay with their mothers for 
life, with some matrilines consisting of four generations (Ford et al. 2000). SeaWorld 
has removed 19 orca calves from their mothers, including one at 10 months, one at 
20 months and one at 24 months; and only two of these removals were on medical 
grounds (Hargrove 2015). Jett and Ventre (2015) demonstrated that captive orcas 
face the highest risk of dying between the ages of two and six and speculate that 
avoiding the separation of mothers and calves may reduce this figure.

11.6  �Environmental Quality and Complexity

Orcas are the most widely distributed cetacean on the planet and probably the most 
widely distributed large mammal in the world after humans (Rice 1998). Clans of 
orcas roam every ocean of the world and most seas. They range from the polar ice 
edges to the tropics and from the shoreline to the deep, open ocean. These opportu-
nistic predators have evolved sophisticated strategies to thrive in most marine eco-
systems (Baird 2000). Scientists now recognise several different ecotypes of orcas 
around the world (Bigg et al. 1990; Pitman and Ensor 2003).

Bottlenose dolphins, comprising more than one species, are also widely distrib-
uted, consuming a large variety of different food and inhabiting a range of environ-
mentally complex environments (Wells and Scott 2009).

Belugas inhabit Arctic or sub-Arctic environments and have adapted ecologi-
cally and behaviourally to these extreme conditions (O’corry-Crowe 2009).

A man-made tank can never replicate the complexity, expanse, choice and range 
of habitats in the ocean environment nor meet the full range of an individual ceta-
cean’s biological capacities and the range of exposure to the physiological adapta-
tions with which the animal is equipped. In captivity, cetaceans cannot be provided 
with an environment that simulates their natural habitat. Water is chemically treated, 
often with chlorine, which prevents the placing of live fish (feeding of live prey such 
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as fish is unlawful in many countries) and plants into their tanks and can also present 
health problems if used excessively or incorrectly (Couquiaud 2005). Tank water is 
also filtered to prevent the build-up of excrement and other waste, and most of the 
tanks holding cetaceans are smooth sided, small and empty of stimuli, perhaps to 
facilitate cleaning. Tanks lack species-specific enrichments (Couquiaud 2005) such 
as sand, rock, plants and changes in surface texture and depth, and, with nothing to 
use their anatomical and physiological adaptations on, many of the features which 
make cetaceans unique (their telos) become redundant, including the capacity to 
fully utilise their natural use of sound through echolocation (Au 2009). Some dol-
phinaria also provide only indoor facilities, lacking exposure to natural light and to 
natural daylight hours or daylight light patterns.

Captive cetaceans are often kept in climates to which they are not adapted 
(Couquiaud 2005), even to the extent of belugas, an Arctic species, being held in sea 
pens in the naturally warm seawater off the Turkish coast (Williamson 2008). Sea 
pens, while potentially offering greater environmental diversity and therefore a 
more enriched environment (Ruiz et al. 2009; Ugaz et al. 2013), have often been 
located in water that is too shallow, too warm and subject to tropical storms and in 
areas where pollution is a problem (Rose et al. 2009). Water quality can also be a 
problem in indoor tank environments, and many countries which regulate captive 
cetacean facilities include a number of water quality parameters that must be fol-
lowed to comply with the law (Williamson 2006).

11.7  �Noise

Cetaceans are highly adapted acoustic animals, living with the capacity to make 
sense of the complex auditory world of the ocean. Noise in the captive environment 
can have a potentially dramatic impact on their behaviour and physiology, in some 
cases causing them to refuse to eat (Couquiaud 2005). Noise is carried faster in 
water (Wright et al. 2007), and the loud music of shows and adjacent rides in facili-
ties located in theme parks adds to, and contributes to, the noise of pumps and filters 
(Couquiaud 2005). The European Association for Aquatic Mammals (2009) recom-
mends that mechanical equipment that produces sound in close proximity to dol-
phins should be isolated acoustically.

11.8  �Behavioural Restrictions

In captivity, many of the choices available to individuals in the wild are removed. 
Food, shelter and medical care are provided, and breeding is usually controlled by 
the holding facility (Couquiaud 2005). Stereotypic behaviours, behavioural evi-
dence of stress and high rates of infection and poor health are common among 
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wide-ranging carnivores when they are denied sufficient space to carry out natural 
behaviour (Clubb and Mason 2003).

Orcas in the wild display a whole range of different adaptive behaviours, from 
‘spy hopping’ to tail slaps and breaching (Jefferson et al. 2008). They are also one 
of the fastest moving creatures in the ocean, capable of swimming at speeds of over 
20 km/h (10.8 knots) (Ford 1989). Orcas possess one of the largest brains by volume 
in the animal world and have developed some highly complex and sophisticated 
hunting strategies, which vary from region to region and also in the approaches 
taken to the targeted prey (Ford 2009). Perhaps the most spectacular behaviour is 
that witnessed among orcas in Antarctica, where certain populations use a hunting 
technique known as ‘wave washing’, in which the orcas work cooperatively to create 
a wave to flush a seal off an ice floe (Visser et al. 2008; Pitman and Durban 2012). 
Another hunting technique known as ‘carousel feeding’ has been perfected by orcas 
off the coast of Norway. This technique involves orcas cooperatively herding schools 
of herring into a tight ball and driving them towards the surface, then picking off 
individual fish that have been stunned by tail slapping (Similä and Ugarte 1993).

Bottlenose dolphins show a high capacity for problem-solving and tool use (Whale 
and Dolphin Conservation 2016a). Some members of a population in Australia have 
been documented carrying sponges on their beaks to protect them from sea urchins 
when foraging on the sea floor (Whale and Dolphin Conservation 2016b).

Belugas have a sophisticated sonar system, which helps them move around in 
shallow water, and are one of the most vocal of cetaceans. They sometimes travel 
hundreds of miles upstream in rivers to reach their summer calving grounds (Whale 
and Dolphin Conservation 2016c).

The one-dimensional caricature of cetacean behaviours which is demonstrated to 
the public in marine parks around the world, where all choice and decision-making 
has been removed, pays a great disservice to these cognitively outstanding crea-
tures. Dysfunctional, socially disparate cetacean groupings are coupled with a lack 
of space, low environmental stimuli, no capacity to hunt or forage in a realistic way 
and combined with the spectacle of stereotypical behaviours such as jaw popping, 
bar chewing, repetitive swimming and motionless logging at the pool surface (Jett 
and Ventre 2011; Frohoff 2005).

11.9  �Stress

Stress is reported to severely affect the health of cetaceans in captivity. Symptoms 
which are associated with stress include weight loss, lack of appetite, anti-social 
behaviour (including aggression), self-destructive behaviour, reduced breeding suc-
cess, arteriosclerosis, stomach ulcers, blood cell count changes and increased sus-
ceptibility to diseases and increased mortality rates (Rose et al. 2009; Romero and 
Butler 2007; Frohoff 2004; Schmitt et al. 2010; Fair and Becker 2000; St. Aubin and 
Dierauf 2001).
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Handling, restraint, confinement, transport, isolation or crowding and an artifi-
cial diet are risk factors for stress in captive cetaceans and, ultimately, lead to mea-
surable reductions in their life expectancy (Maas 2000; Noda et al. 2007; Thomson 
and Geraci 1986). Waples and Gales (2002) describe three cases of illness or death 
in the space of one year among a group of captive bottlenose dolphins in Western 
Australia. These animals were most likely suffering from stress as a result of 
changes in social relationships, aggression from other dolphins and loss of social 
support. Schmitt et al. (2010) found that stress hormones (concentrations of plasma 
adrenocorticotropic hormone (ACTH), cortisol, and aldosterone) increased signifi-
cantly in captive belugas during routine physical examination, and similar effects 
have been recorded in captive porpoises (Desportes et al. 2007).

11.10  �Use of Tranquilisers

Psychotropic drugs are often used in the care of captive cetaceans (Knight 2013). 
The most commonly used is Diazepam (Valium® and generics), a benzodiazepine 
drug which veterinary staff use to facilitate the handling of whales and dolphins for 
certain procedures, such as clinical diagnostic tests (including bacteriological swab-
bing and blood sampling) and transport. Depending on the dose, benzodiazepines 
can be used to reduce anxiety and excitability and also to control stereotypical 
behaviours (Knight 2013).

Marine parks such as SeaWorld report that drugs such as benzodiazepines are 
used by the facility veterinarians for the care and treatment of the marine mammals 
they hold (Cornell 2011). At the Rimini dolphinarium in Italy, irregularities in the 
administration of tranquilisers were cited as one of the factors which resulted in the 
permanent closure of the facility by the public authorities (Cronin 2014).

As voluntary breathers, cetaceans must be conscious and awake to breathe 
(Lyamin et al. 2008). Diazepam can decrease the responsiveness of the respiratory 
system (Khan 2014), and so this possible side effect in whales and dolphins is of 
particular concern. Diazepam is also used to encourage feeding in some captive ani-
mals, as it appears to act by enhancing the taste and flavour of food (Dowling 2015). 
Its use on captive dolphins, however, is questionable, as research indicates they can 
only taste salt (Zhu et al. 2014).

11.11  �Early Mortality

Female orcas in the wild can live to an estimated maximum of 90 years with a mean 
expectancy of 46 years. Male orcas live an estimated maximum of 70 years with a 
mean of 31  years (Olesiuk et  al. 2005). Bottlenose dolphins can live for up to 
50 years in the wild (NOAA Fisheries 2016).
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Small and DeMaster (1995b) found that mortality rates of captured bottlenose 
dolphins increased by six times immediately after capture and that this mortality 
rate did not drop down to the ‘base captive mortality rate’ for up to 35–45 days. Two 
studies from the 1990s (Small and DeMaster 1995a; Woodley et  al. 1997) 
demonstrate higher annual mortality rates for bottlenose dolphins (5.6 and 5.7% 
annually) and orcas (6.2% annually) in captivity than in the wild (bottlenose dol-
phins 3.9% and orcas 2.3% annually).

In a 2015 study by Jett and Ventre, looking at captive orca mortality on a global 
scale since 1961, it was found that nearly two-thirds of orca deaths occurred in the 
first five years of a whale’s captivity. Orcas in US facilities fared better than facili-
ties in other countries, with a median survival rate of 12 years, and since 1985, 
captive orca survival has improved but still lags far behind their wild 
counterparts.

Data is lacking to enable a clear comparison in mortality rates between wild and 
captive belugas, although Woodley et al. (1997) indicated that there was increased 
mortality in captivity. Re-evaluation of ageing techniques in belugas from the wild 
has put the maximum life span of belugas at 60 years (Stewart et al. 2006). In cap-
tivity, belugas routinely die before the age of 30 (Rose et al. 2009).

Considering that, in captivity, cetaceans receive veterinary care if they are 
found to be sick, do not have to hunt for food, are not exposed to pollution in the 
natural marine environment (but may be exposed to long term chemical exposure 
in tank water) and are protected from predators; it seems probable that other fac-
tors are playing a role in reducing the annual survival rates for cetaceans in 
captivity.

11.12  �Threats to Wild Populations

Cetaceans rely on well-organised groupings for, inter alia, foraging, defence against 
predators and transmission of specialised behaviour between generations (Whitehead 
et al. 2004). The capture of cetaceans from wild populations for live display in cap-
tivity currently occurs in only a handful of places around the world, including 
Russia and Japan (IUCN 2015; International Whaling Commission 2014, 2015).

The removal of key individual cetaceans, animals crucial to social cohesion in 
cetacean populations, may have long-term implications for population viability 
(Lusseau and Newman 2004; Williams and Lusseau 2006). Reeves et al. (2003) 
noted that live removals are equivalent to killing, as the individuals brought into 
captivity can no longer help maintain the genetic inputs to their wild 
populations.

Live capture operations for public display typically target young female ceta-
ceans whose temperament makes them easier to handle in aquaria (Rose et al. 2009). 
The bias in wild populations which results from taking into captivity young females 
is another cause for conservation concern (Williams and Lusseau 2006).
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11.13  �Beluga Captures

In the Russian Far East, belugas are captured in the Sakhalin–Amur region in the 
Sea of Okhotsk under a quota set by the Russian government (Shpak and Glazov 
2013), capture being for display in aquaria in Russia and overseas. The belugas are 
targeted as they congregate in the relatively warm coastal waters during the summer 
months where they breed, forage and moult (Shpak et al. 2010), and selected ani-
mals are taken from a population estimated at just under 4000 individuals (Shpak 
and Glazov 2014).

In 2013, 81 beluga individuals were captured and transported to holding facilities 
in Russia prior to onward transfers to national and international aquaria. Thirty-four 
whales are believed to have died during capture, seven died at the holding facilities 
and three considered to be at risk of death were released (Shpak and Glazov 2014). 
Based on available knowledge, and noting that more research was needed, an inde-
pendent scientific review panel looking at proposed removals of belugas from this 
population calculated the sustainable annual removal to be 29 individuals, way 
below current capture levels (Reeves et al. 2011). Concerns continue to be raised by 
local and international beluga scientists that the captures are unsustainable 
(International Whaling Commission 2014, 2015).

During capture, belugas are approached in shallow waters by the capture team in 
boats, encircled using seine nets while surrounded by further boats. Once within the 
confines of the net, any belugas deemed at risk of entanglement are wrapped in the 
net and held at the surface or tied to the side of one of the boats. The net (and the 
belugas trapped inside it) is then pulled to shore (Georgia Aquarium 2012). The 
stress involved in this process for these self-aware and socially aware whales, 
approached by boats, trapped in nets and pulled to shore, is reported to be severe (St. 
Aubin and Geraci 1992; Curry 1999; Butterworth et al. 2013). Footage of beluga 
captures in Russian waters from the late 1990s showed very crude methods of cap-
ture and transport that put the individuals targeted at considerable risk of injury or 
death (Woodyer 2012).

11.14  �Box Out Case Study: Georgia Aquarium Application 
to Import Wild-Caught Belugas

In 2012, Georgia Aquarium applied to the US National Marine Fisheries Service 
(NMFS) to import 18 belugas captured in Sakhalin Bay for public display. While 
the application requested ownership of the belugas by Georgia Aquarium, the 
Aquarium planned for 15 whales to undergo immediate transfer to other US facili-
ties, including three SeaWorld parks, under ‘breeding loans’ (Georgia Aquarium 
2012). Following a public comment period, in which members of the public were 
invited to submit their views on the proposed import, and which resulted in approxi-
mately 9000 responses (NOAA Fisheries 2015), the NMFS denied Georgia 
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Aquarium its import proposal. The agency based its decision on the impact of live 
captures on the population, its belief that allowing the import would contribute to 
demand to capture further belugas for the United States and worldwide and its 
determination that five of the belugas proposed for import were potentially still 
nursing young and not yet independent at the time of their capture (NOAA Fisheries 
2015). The Aquarium appealed this decision, but it was upheld in the US District 
Court of Atlanta (Georgia Aquarium Inc. vs. Penny Pritzker, 2015). The Sakhalin–
Amur population of belugas has subsequently been included in the US Marine 
Mammal Protection Act as a ‘depleted’ population, now well below 60% of its 
historic abundance, which means imports are now prohibited (Whale and Dolphin 
Conservation 2016d). Meanwhile, captures for aquaria in China and other countries 
continue, with individuals exported from Russia to be held in wholly inadequate 
conditions (Fig. 11.4).

11.15  �Japanese Drive Hunts

In Japan, annual quotas are given by the Japanese government for the killing and 
live capture of over 2000 small cetaceans in what are known as ‘drive hunts’ 
(Butterworth et al. 2013). Individuals are herded out at sea with small fishing ves-
sels, and through the use of underwater noise, these groups of animals are driven 
towards the shore, where they are netted off and then removed alive for display in 

Fig. 11.4  Belugas captured in Russia are held in inadequate holding pen conditions. Image credit: 
Lloyd Hannemann
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aquaria or killed for meat or other products (Butterworth et al. 2013; Vail 2015). 
Several species are targeted for live capture from the hunts, including bottlenose 
dolphins, false killer whales, Pacific white-sided dolphins, Risso’s dolphins and 
short-finned pilot whales (Ceta-Base 2016b).

The prolonged and stressful process involved in the drive hunts during the herd-
ing offshore, dragging by the tail fluke alongside the capture boats, confinement in 
the netted-off cove and removal from the water and their pod mates (many of whom 
may go on to be killed), sometimes over many hours or even days, is likely to be 
have profoundly severe welfare impacts (Butterworth et al. 2013; Connor 2007).

Concerns regarding the sustainability of the drive hunts in Japan have been 
expressed by the International Whaling Commission and other scientific bodies 
(International Whaling Commission 1993; Kishiro and Kasuya 1993; IUCN 2015; 
Wells 2012; Marsh 2013). In 2014, the International Whaling Commission’s 
Scientific Committee reported that the issue of total removals in the drive hunts 
needed to be more critically examined and incorporated into population assess-
ments. It also noted that there was a lack of current accurate data on both stock 
identity and size for the bottlenose dolphins in the waters off Taiji, where the hunts 
take place (International Whaling Commission 2015).

11.16  �Orca Captures

The first orca captures occurred in the Pacific Northwest of America in the early 
1960s and continued until the mid-1970s when this practice was banned under state 
law (Pollard 2014). During this early capture period, 55 orcas were taken for display 
in marine parks. In 1976, the capture teams turned their attention towards Iceland, 
where 54 whales were taken over the next 13 years (Williams 2001). During the 
1980s and 1990s, Japan was also active in supplying orcas to its marine parks—
none of the 20 captured orcas taken during this time have survived (Jacobs 2006). 
The Russian government issues annual catch quotas for orcas (up to 10 per annum) 
for both the domestic market and export overseas (FEROP 2016), and today Russia 
remains the only country in the world where wild orca captures continue for the 
aquarium trade.

11.17  �Conclusions: The Future for Captive Cetacean Welfare

Public opinion is shifting on cetacean captivity. Evidence of poor cetacean welfare 
has been brought to the attention of the millions of viewers of documentaries such 
as Blackfish and The Cove, and a majority of young Americans opposing cetacean 
captivity (Racanelli 2016). Concern for captive orcas has led this quantum shift in 
perspective (Whale and Dolphin Conservation 2014). In March 2016, in response to 
what he referred to as the changing mind-set of society and a shrinking customer 
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base, SeaWorld’s Chief Executive Officer, Joel Manby, announced an end to orca 
breeding at SeaWorld (Munarriz 2016).

Research reveals concerns for other species too, with a majority of UK holiday-
makers indicating opposition to seeing whale and dolphin shows (Payne 2014) and 
discomfort about dolphin welfare expressed by people who had swum with them in 
captivity (Curtin and Wilkes 2007).

The number of facilities holding cetaceans in some parts of the world, including 
Europe, is declining (Whale and Dolphin Conservation 2015). However, in other 
parts of the world, including China and the Caribbean, it is increasing (China 
Cetacean Alliance 2015; Vail 2014).

Discussion is now focused on what alternatives exist for the thousands of indi-
vidual bottlenose dolphins, orcas, belugas and other species currently in captivity. 
While a return to the wild under strict criteria may be possible for some (Williamson 
2014), others may be too physically or mentally altered by long term captivity to 
survive without human care. Plans are now underway to create cetacean sanctuaries, 
offering individuals the chance to live out the remainder of their lives in enclosures 
in a natural cove or bay, protected from storms and pollution, where their health and 
welfare needs can be taken care of in a more naturalistic environment, without per-
forming in shows, and with public observation strictly controlled or from a distance 
(Williamson 2016). This may be the future for cetaceans currently in captivity, a 
future which has the potential to address many of the threats to cetacean welfare 
presented by their current confinement in captivity.

For further information on captive cetacean welfare, news stories, blogs and up-
to-date statistics, please visit whales.org/captivity.
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Chapter 12
Assessing the Welfare of Cetacea

Isabella L.K. Clegg and Andy Butterworth

Abstract  Most of the species from the order Cetacea appear to possess advanced 
cognitive abilities and close social networks and are also likely to experience dif-
ferent affective states comprising of more than just basic emotions. Welfare 
describes a balance of positive and negative affective states experienced by an indi-
vidual, and this balance is a good indicator of how it perceives the surrounding 
environment. In this chapter, we discuss how the first steps in cetacean welfare 
science are being taken to establish this as a discipline. We discuss the pertinent 
areas of cetology that merit investigation to form the basis of possible cetacean 
welfare measures. In this arena of welfare assessment, much of the existing work 
comes from farm animal science, and this previous experience offers potential 
tools and techniques which could be adapted for cetaceans. We review these 
sources of information, make suggestions for relevant investigations and discuss 
how assessment of cetacean welfare might be accomplished.

12.1  �Introduction

Increasing our understanding of cetacean welfare is essential if we want to progress 
in our research, conservation, care and protection of these animals. The available 
research suggests that most of the species from the order Cetacea appear to possess 
advanced cognitive abilities and close social networks and thus are also likely to 
experience different affective states comprising of more than just basic emotions. 
Overall welfare is a balance of positive and negative affective states where affective 
states are made up of moods and emotions formulated in response to events in the 
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surrounding environment. In previous chapters, we have been presented with the 
many environmental threats experienced by wild cetaceans and aspects of public 
display environments that have been called into question for captive cetaceans. 
Assessments of welfare will be necessary to understand the impacts of such con-
texts, from the animals’ perspective, and hence to work towards reduction of these 
impacts. Although cetacean welfare science is not yet an established discipline, 
there are pertinent areas of cetology that can form the basis of possible welfare 
measures. In this arena of welfare assessment, much of the existing work comes 
from farm animal science, offering potential tools and techniques which could and 
can be adapted for cetaceans. In this chapter, we review these sources of informa-
tion, make suggestions for potentially relevant future investigations and discuss how 
assessment of cetacean welfare might be accomplished.

12.2  �The Science of Assessing Animal Welfare

Before we delve into the topic of cetacean welfare, and how we might assess it, we 
must understand the progression of terrestrial welfare measurement and discuss the 
difficulties associated with the assessment of an animal’s welfare. The study of ani-
mal welfare has now developed into a multidisciplinary science (Ohl and van der 
Staay 2012; Webster 2005), with species-specific measures that comprise compre-
hensive welfare assessments (Blokhuis 2008; Botreau et al. 2007; Webster 2005). 
Welfare assessments have developed to the point where they now attempt to mea-
sure the quality of the animal’s life in its surroundings, and so, although wild animal 
welfare assessments are not yet regularly applied, there exist assessment methods 
which could certainly make measurement of wild animal welfare feasible and could 
offer the possibility to provide insights into the animals’ capabilities to adapt to 
changing environments.

12.3  �Welfare Criteria and Measures

Welfare assessments exist in many forms and are capable of providing varying 
levels of detail, dependent on the time allocated for assessment and the welfare 
model the framework is based on. The ‘Five Freedoms’ principle (Farm Animal 
Welfare Council [FAWC] 1992) has been commonly used to assess welfare, and 
recent efforts follow this basic structure by expanding the categories used (e.g. 
WelfareQuality®, Blokhuis 2008). In the WelfareQuality® assessment system, to 
maximise the potential for standardisation between different species and meth-
ods of assessment, it was designed so that all assessments would use an agreed 
set of criteria, which then contained a number of species-specific measures. The 
criteria were devised to be ‘minimal, exhaustive, independent, and agreed by 
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stakeholders’ (Botreau et al. 2007). The work of WelfareQuality®, and other sim-
ilar research, has encouraged a transition towards the use of ‘animal-based mea-
sures’ and has stimulated cross-species application of welfare assessment 
frameworks (Veissier and Miele 2015), with a recent increase in studies measur-
ing zoo animal welfare using assessment techniques originally created to assess 
farmed animals (Barber 2009; Whitham and Wielebnowski 2013; Clegg et  al. 
2015).

When validating welfare indicators within assessments, i.e. confirming that they 
are ‘measuring what we want them to’, there is widespread agreement that an appro-
priate approach is to cross-correlate results from behavioural and physiological 
measures, and if possible cognitive measures, to affirm that the true welfare state is 
being described (Désiré et al. 2002; Webster 2005; Boissy et al. 2007; Whitham and 
Wielebnowski 2013). Previously, only indicators of negative welfare were present 
in assessments, and the absence of these ‘negative’ indicators was taken to mean the 
animal had good welfare (Yeates and Main 2008). However, positive experiences 
and states are now recognised to be (at least) as important as negative states in their 
contribution to overall well-being (Fraser and Duncan 1998; Boissy et  al. 2007; 
Yeates and Main 2008), and thus it is considered important (where they exist) to 
assess indicators of positive affect (see reviews by Boissy et al. 2007; Yeates and 
Main 2008).

12.4  �Animal-Based Measures

Increased importance is now given to animal-based measures over resource-based 
measures (Whitham and Wielebnowski 2013). Animal-based measures, also called 
outcome measures, are parameters measurable directly from the actual animal, 
such as certain behaviours, physiological measures or disease incidence levels. 
Resource-based measures, or input measures, are those which provide information 
on the resources or procedures applied to the animals, for example, the space 
within the enclosure, quality of bedding, husbandry procedures or type of food 
provided (Webster 2005; Veissier et al. 2008). Animal-based measures are gener-
ally considered to be valid welfare indicators as they reflect the ‘outcome’ of what 
has actually happened to the animals, rather than judging the ‘likely outcome’ of 
provision of a certain resource. However, animal-based or outcome measures are 
sometimes less easy to carry out—they may require close observation of the ani-
mals over a period of time, or examination of, for example, lesions or changed 
disease levels in the animals; therefore, outcome measures have been considered 
by some to be less ‘feasible’ than resource-based measures. Currently, existing 
assessment protocols which aim to focus on animal-based measures use these 
wherever possible and supplement them with resource-based measures in order to 
comprehensively fulfil the overall set of criteria (Rushen et al. 2011; Whitham and 
Wielebnowski 2013).
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12.5  �Zoo Animal Welfare Assessment

This chapter is concerned with the welfare of wild animal species, whether main-
tained in the wild or in captivity, and the zoo welfare literature is likely to be 
more relevant to this area than that which comes from the assessment of domes-
tic or laboratory animals. Zoological institutions and aquaria (hereafter zoos) are 
only recently embracing welfare science and its applications, although they have 
been responding to increased public concern by aiming to exceed minimum stan-
dards and by publishing their experience in the management of the many species 
they maintain (see review by Whitham and Wielebnowski 2013). It has been 
acknowledged that there is much potential for adapting farm animal welfare 
measures to zoo animals (Swaisgood 2007; Hill and Broom 2009; Mason and 
Veasey 2010). As a means to achieve this, especially considering the huge spe-
cies diversity seen in captivity, welfare scientists are starting to be employed by 
zoos or permanently associated with them (Barber 2009; Maple 2007). So far 
zoo welfare research has focussed predominantly on elephants (Veasey 2006; 
Maple 2007; Mason and Veasey 2010), using cortisol as a stress measure (Pifarré 
et al. 2012; Shepherdson et al. 2013; Ugaz et al. 2013), as well as studies on the 
effects of enrichment and its impacts on behaviour (Carlstead and Shepherdson 
2000). The only proposal for a comprehensive welfare assessment for captive 
zoo animals has been for bottlenose dolphins (Tursiops truncatus), where Clegg 
et al. (2015) adapted a welfare assessment framework originally devised for farm 
animals (WelfareQuality®) to this species. We will expand upon the details of 
this project and the other few existing studies on cetacean welfare in the follow-
ing sections.

12.6  �Existing Cetacean Welfare Studies

12.6.1  �Studies Focussed on Cetacean Welfare in Captivity

Studies expressly investigating welfare in captive or wild cetaceans are scarce 
(Clark 2013; Ugaz et al. 2013; Clegg et al. 2015). Although the welfare of captive 
cetaceans seems to be an important topic of debate in public and the media 
(Grimm 2011; Jett and Ventre 2015), this interest has not stimulated an equivalent 
level of research thus far. Gygax (1993), Frohoff and Packard (1995) and Galhardo 
et al. (1996) were the first to look at the behaviour of dolphins in terms of what it 
might indicate about welfare, but conclusions were often contradictory to each 
other in terms of the function, and welfare implications, of certain behaviours. 
Waples and Gales (2002) provided useful observations correlated with physiolog-
ical data from Indian Ocean bottlenose dolphins (Tursiops aduncus) that were 
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experiencing social stress, and these authors proposed some initial indicators of 
poor welfare, although they did not label them as such. Although the behavioural 
findings of these studies were presented anecdotally, they described how inap-
petence, the incidence and severity of rake marks (superficial wounds from teeth 
of another dolphin, Scott et al. 2005), aggressive behaviours and social isolation 
were the main indicators accompanying severe social stress. Furthermore, these 
authors recorded changes in white-blood cell profiles (eosinopenia, lymphopenia 
and neutrophilia), weight loss and gastric ulceration (two out of three subjects) in 
their study animals. Collection of salivary cortisol has recently been confirmed as 
a useful sampling method with dolphins (Pedernera-Romano et  al. 2006), and 
while Ugaz et  al. (2013) correlated levels of salivary cortisol with potential 
behavioural welfare indicators in bottlenose dolphins, the choice of behaviours 
studied by these authors may not have been the most relevant to welfare (e.g. 
swimming depth, swimming direction). One investigation proposed that decreased 
vocalisation rate could be a measure of poor welfare in belugas (Delphinapterus 
leucas), although this study only examined two subjects (Castellote and Fossa 
2006).

For captive killer whales (Orcinus orca), the small number of peer-reviewed, 
published studies related to welfare focus on mortality rates as opposed to behav-
ioural indicators, and there is a marked lack of research on the behaviour of killer 
whales in captivity in general. Two recent studies on killer whale longevity in cap-
tivity when compared to the wild presented findings in direct contrast with each 
other (Jett and Ventre 2015; Robeck et  al. 2015). In a study by Jett and Ventre 
(2012), it was suggested that increased surface behaviour of captive killer whales 
compared to wild counterparts put them at higher risks of mosquito-borne diseases, 
but argued this using personal observations, and unfortunately did not present 
behavioural data. Otherwise, there are no published studies investigating behav-
ioural or physiological indicators of stress, welfare or affective states in killer 
whales.

Recently a comprehensive welfare assessment for a cetacean species was pro-
posed: the C-Well® assessment for bottlenose dolphins (Clegg et al. 2015). The 
authors adapted the well-established farm animal assessment WelfareQuality®, to 
dolphins, using literature reviews, veterinary and professional expertise, and test-
ing of the practical application of these assessment methods on 20 animals in three 
different facilities. The result was that 36 measures (Table 12.1) were proposed, 21 
(58%) of which were animal-based and were capable of yielding individual wel-
fare scores, comparable in many different ways (e.g. by measure, by criteria, when 
compared by pool, sex, age class and similarity of facilities). The C-Well® assess-
ment may be seen as an initial step in the area of captive cetacean welfare assess-
ment, with validation occurring through solicitation of expert opinion. The 
measures proposed are (as yet) unweighted, i.e. they are all given the same degree 
of ‘impact’, and the early use of these measures may stimulate research questions 
for future studies and prompt other researchers to contribute to work in this area.
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12.6.2  �Studies on Cetacean Welfare in the Wild

As mentioned previously, research on the welfare of wild animal species is quite sparse, 
and this is likely due to a combination of feasibility problems such as access, repeatable 
sampling and also perhaps a perceived lack of human ‘responsibility’ for welfare issues 
in wild animals, despite the suggestion that human impact on wild animal populations 
is increasing very significantly (Kirkwood et al. 1994). Wild cetaceans are no exception 
in the paucity of published welfare information. A common, direct, interaction between 
wild cetaceans and humans is whale-watching tourism, and researchers have endeav-
oured to quantify the impact of tourist boat activity on the animals, often finding that 
multiple cetacean species show mild to strong avoidance responses (e.g. killer whales: 
Williams and Ashe 2007; bottlenose dolphins: Bejder et  al. 2006; minke whales 
(Balaenoptera acutorostrata): Christiansen and Lusseau 2015). Demonstrating further 
that this avoidance is salient and directly related to boat activity, a number of studies 
showed that population-level indicators, including reproductive rate and abundance, 
declined in both mysticete and odontocete species exposed to high levels of whale-
watching activities (Bejder et al. 2006; Christiansen and Lusseau 2014). However, as 
yet, researchers have not focussed on applying direct, animal-based welfare measures 
in these contexts, although discussions supporting this approach are starting to take 
place (Swaisgood 2007; Ohl and van der Staay 2012).

Unfortunately, humans also interact with wild cetaceans in more lethal ways and 
these situations at least have spurred studies focussed on assessing the animals’ welfare, 
albeit at the point of death. Butterworth et  al. (2013) empirically evaluated dolphin 
welfare in the Taiji drive hunts, and several studies have argued against whaling mysti-
cete species on the grounds of animal welfare concerns (e.g. Kestin 1995; Gales et al. 
2008). Entanglement in marine debris can have many and varied lethal and non-lethal 
effects, and Butterworth et al. (2012) applied the Five Freedoms principles to discuss 
how entanglement affects individual animal welfare in cetaceans among other species. 
Cassoff et al. (2011) reviewed the causes and effects in cases of mysticete entanglement, 
where the majority of animals suffered protracted deaths, and concluded that entangle-
ment may be one of the ‘worst forms of human-caused mortality in any wild animal’.

Given the lack of published, validated animal-based measures of welfare, in the 
next two sections, we discuss the potential areas where such indicators may be 
found for both captive and wild cetaceans.

12.7  �Animal-Based Welfare Measures 
for Cetaceans in Captivity

12.7.1  �Inputs and Outcomes in the Captive Environment

We will start this part of the chapter by looking at what kinds of resources and 
management protocols are provided in the cetaceans’ environment in captivity, i.e. 
assessed by resource-based measures, in order to highlight what kinds of outcomes 
are seen in the animal, i.e. the possible animal-based measures.
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Legislation from around the world regulates the environment of cetaceans main-
tained for public display. This legislation is based on grouped resource-based require-
ments, with associated thresholds above which animal welfare is assumed to be good/
acceptable (e.g. Animal Welfare Act (AWA 1966) in the USA and Council Directive 
1999/22/EC in Europe). These laws dictate aspects such as the space required, water 
quality and facility hygiene levels, but the requirements are viewed as minimum stan-
dards by many institutions (McBain 1999; Joseph and Antrim 2010). Although ani-
mal-based measures are more reflective of actual welfare, resource-based measures 
are still likely to be a very important way to assess animal facilities, since the large 
variation in facility types in which cetaceans are kept worldwide is likely to differen-
tially and very significantly impact their welfare (Joseph and Antrim 2010). However, 
animal-based measures could, and perhaps should, now be considered for inclusion in 
recommendations and codes of conduct, if not in the legislation as well, and we pro-
pose some possible categories of outcome measures in Fig. 12.1. It is worth noting that 
this large variation in display facilities, as well as the diversity of cetacean species kept 
in captivity, means that much research with large numbers of animals is needed to start 
to explain the variation and develop effective animal-based measures. Application of 
animal-based measures of cetacean welfare could improve the accuracy of resource-
based measures, e.g. space provided, where animals’ behavioural and physiological 
responses to different pool sizes can aid in establishing accurate thresholds. Animal-
based indicators of welfare can be either behavioural, health-related or cognitive, and 
correlating data from these three categories can help to validate measures during the 
development process of a welfare framework (based on the ‘triangulation’ principle, 
Webster 2005). Furthermore, including measures from these categories confirms the 
comprehensive nature of the assessment where the hypothetical aim is to cover all 
aspects of the animal’s life within the measures. Correlating such measures gives us an 
indication of the emotional responses of the animal which make up its affective states 
(Webster 2005; Boissy et al. 2007), with overall welfare being a balance of positive 
and negative affective states (Spruijt et al. 2001; Watters 2014).

©Isabella Clegg 2016

Input measures
Water quality
Space available
Diet
Noise levels
Training protocol

Outcome measures
Social behaviour
Body condition
Abnormal behaviour
Disease levels
Behaviour during training

Fig. 12.1  Diagram showing examples of input (resource based) and outcome (animal based) mea-
sures of welfare which could constitute a welfare assessment for cetaceans in captivity (Image 
credit: Isabella Clegg)
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12.7.2  �Behavioural Measures of Welfare

Behaviour is likely to be one of the most direct and significant expressions of welfare 
state in cetacean species (Waples and Gales 2002; Joseph and Antrim 2010), and 
regular behavioural monitoring is considered as crucial when aiming to understand 
welfare status of animals kept in zoos (Maple 2007; Watters 2014). Since cetaceans 
are generally highly social animals, social behaviour will likely be an important ani-
mal-based measure of welfare (Clegg et al. 2015). Social group composition in cap-
tivity is somewhat artificial, as this is decided by the zoo staff and management 
(Clegg et al. 2015), and the importance of social groupings is often overlooked in 
captive animal regulations, although efforts in some facilities are being made to 
model compositions on wild groups (Wells 2009). Being highly social means that 
there are many opportunities for poor welfare from social stress, as has been shown 
in studies with bottlenose dolphins (Waples and Gales 2002). Conversely, successful 
grouping of animals may have benefits and possibilities for good welfare through 
social bonding and development of relationships. Research has already suggested 
how affiliative contact behaviour in dolphins such as contact swimming and pectoral 
fin rubbing might be related to positive emotions, as well as describing how they 
might be quantified (Dudzinski 2010; Kuczaj et al. 2013). Play behaviour is common 
in both juveniles and adults in dolphin species and likely indicates positive affective 
state (Kuczaj and Eskelinen 2014). On the whole play is considered a measure of 
positive welfare, but difficulties with its quantification have impeded its use in other 
species’ welfare assessments thus far (Boissy et al. 2007; Held and Špinka 2011). 
Cetacean species under human care may experience positive welfare states through 
provision of enrichment, mainly due to their cognitive abilities (Herman 2012), their 
tendency to play and their innovative behaviours (Kuczaj and Eskelinen 2014). 
Recently it was shown that captive dolphins increased certain vocalisations during a 
cognitive task only when cooperating and succeeding (Eskelinen et al. 2016), sug-
gesting that vocal behaviour could be a source of welfare measures as with other 
animals (Manteuffel et al. 2004). Future captive welfare studies could maintain focus 
on inputs and outcomes as described in Fig. 12.1: to give an example, regarding 
enrichment, input measures would be the type/quantity/frequency of enrichment pro-
vided, and the outcome measures would be whether the dolphins are motivated to 
interact with the objects and whether the interaction is comprised of positive, calm 
and affiliative behaviours, or otherwise (Delfour and Beyer 2012; Hoy et al. 2010).

Indicators of social stress in captive cetaceans have been reported, such as social 
isolation (excluded from/avoiding the group), inappetence, inactivity, high rates of 
aggression and abnormal repetitive behaviour (ARB) (Galhardo et al. 1996; Waples 
and Gales 2002; Clegg et  al. 2015), and thus behaviours representative of these 
states are all potential animal-based welfare measures. Stereotypic behaviour, a type 
of ARB, has been proposed as a welfare measure for cetaceans, but the lack of pub-
lished research on the frequency and context of such behaviours means more work 
is needed before the measure can be established with an agreed value (Clark 2013; 
Clegg et al. 2015), especially as terrestrial research has found that in some cases 
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animals with stereotypies have better welfare since they use it as a coping response 
(Rushen and Mason 2008). The quantification of rake marks on the body as an indi-
rect measure of aggression levels was proposed by Clegg et al. (2015) as a welfare 
indicator, based on the premise that bodily damage is a common animal-based mea-
sure for farm species (e.g. WelfareQuality® 2009a, b, c). Figure 12.2 shows the grid 

a

b

Fig. 12.2  Photographs showing the process of quantifying wounds and rake marks for use in the 
C-Well® assessment for bottlenose dolphins (Tursiops truncatus); descriptions taken from Clegg 
et al. (2015). (a) The grid indicates the six body regions utilised in the calculation, including ANT1 
anterior dorsal, ANT2 anterior ventral, MD1 mid-dorsal, MID2 mid-ventral, POST1 posterior dor-
sal and POST2 posterior ventral; (b) the wound percent cover range and relevant welfare score for 
the dolphin in each image. Score 0, <15% new wounds and <30% old wounds; score 1, <10–15% 
new wounds and >30% old wounds; and score 2, >15% new wounds
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used in the analysis of wounds and rake marks (estimates of old and new marks are 
made within further subdivisions of the grid) and the corresponding welfare scores 
(demonstrated by examples). Given that space is inherently limited in captivity, the 
link between aggression, rake marks and social stress may be different than that in 
wild contexts (Scott et al. 2005), but repeatedly quantifying rake marks over time 
and in conjunction with aggressive behaviour frequency and social isolation would, 
it is assumed, reveal the appropriate thresholds linked to welfare.

It is important to briefly discuss the role of ‘natural’ behaviour in welfare assess-
ment, which is usually defined as the repertoire seen in free-ranging animals in the 
wild. Although a traditional view is that an animal not seen to be performing natural 
behaviours has poor welfare, as many authors have pointed out, absence of such 
behaviour should not be a welfare measure per se, since wild and captive animals do 
not experience the same environmental stimuli (e.g. predation, lack of food, 
environmental opportunities) which cause the performance of these behaviours 
(Dawkins 1980; Veasey 2006; Webster 2005). However, research is needed into 
whether there are natural behaviours in cetaceans which represent ‘behavioural 
needs’, i.e. those which are stimulated even in absence of the associated stimuli, and 
preference and motivation tests could perhaps answer these questions (Veasey 
2006). An alternative would be to use outcome-based measures related to the rich-
ness of the environment and to measure the diversity of behaviours (Carlstead and 
Shepherdson 2000; Swaisgood 2007)—measures which would indicate whether the 
surroundings are stimulating for the animal.

12.7.3  �Health-Related Measures of Welfare

In his triangulation model of animal welfare, Webster (2005) originally proposed 
physiological welfare measures as one of the key areas to be measured, due to their 
potential for assessing emotional responses (Boissy et al. 2007), but in this current 
chapter, we discuss health and associated physiological measures of dolphin wel-
fare, since many previous studies have considered health as an important aspect of 
an animal’s overall welfare (e.g. Dawkins 2006; Hill and Broom 2009; Mason and 
Veasey 2010; Held and Špinka 2011). Furthermore, health measures may have 
increased species-specific relevance to cetaceans, since most species appear to mask 
or conceal symptoms of pain and disease as much as possible (Castellote and Fossa 
2006; Waples and Gales 2002). For this reason, the use of health measures may 
reveal potential welfare problems which have been ‘masked’ by the animals and 
may have the potential to detect problems before changes are seen in behavioural 
parameters.

The calculation of Body Condition Scores (BCS) employs measurements of fat 
cover on animals’ bodies and is often used in farm animal welfare assessments 
(Welfare Quality® 2009a, b, c; Roche et al. 2009). In the past, BCS of cetaceans has 
been conducted in a few studies using descriptive scales and without reference to 
photographic scales or use of standardised graphics (e.g. North Atlantic right whales 
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(Eubalaena glacialis), Pettis et  al. 2004). However, recently, the first two stan-
dardised protocols for BCS were published for short-beaked common dolphins 
(Delphinus delphis) (Joblon et al. 2014) and bottlenose dolphins (Clegg et al. 2015, 
Fig. 12.3). Further investigation into the degree of change in BCS that correlates to 
changes in welfare is needed, similar to research with cows clarifying the link (Roche 
et al. 2009). The link between other health measures and welfare state in cetaceans 
similarly needs to be clarified before their use in assessments. One approach would 
be to consider that only departures from health that cause a change in affective state, 
i.e. how the animal feels, can be considered as sufficient to cause poor welfare, in line 
with ‘feelings-based’ welfare definitions of authors including Fraser et al. (1997), 
Spruijt et al. (2001) and Mason and Veasey (2010). When an animal performs ‘sick-
ness behaviours’, which in cetaceans may appear as lethargy, logging (remaining 
stationary at the surface), deliberate social isolation or inappetence (Joseph et  al. 
1986; Sweeney and Ridgway 1975), the illness or disease can be related to a decrease 
in welfare. Haematological indices can be used to measure some parameters of dis-
ease, and are used in human and animal health studies and in clinical diagnosis as 
‘markers’ of disease progression. However, haematological measures are difficult to 
use in welfare evaluations due to the invasive requirement to collect blood samples, 
which is likely to interfere with unimpeded behaviour assessment, and also as a 
result of high inter- and intra-individual variation. Nevertheless, baseline and disease 
haematological profiles for both wild and captive cetaceans continue to be published 
(Dierauf and Gulland 2001; Thomson and Geraci 1986; Wells 2009), and if associ-
ated with accompanying behavioural data, it is possible that blood sampling could 

Fig. 12.3  Body condition score graphic for bottlenose dolphins (Tursiops truncatus) developed by 
Clegg et al. (2015)
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contribute to welfare information in some specific circumstances—perhaps where 
animals have had blood collected for clinical diagnostic purposes.

In farm animal studies, welfare measures related to health include presence of 
diarrhoea, skin inflammation, skin lesions, respiratory rate, lameness, lying time, 
eye conditions and coughing (Welfare Quality® 2009a, b, c). Clegg et  al. (2015) 
adapted some of these measures for use in T. truncatus welfare assessment (skin and 
eye condition, coughing). Standardised measurement of eye condition and squinting 
in captive cetaceans (Clegg et al. 2015, Fig. 12.4) in conjunction with water quality 
parameters (resource-based measures) could confirm whether a relationship between 
the outcome (health measure) and the input (water quality) exists; this finding could 
be of real value in steps towards the prevention of disease and the improvement of 
welfare conditions (Joseph and Antrim 2010).

In welfare studies of other species, cortisol and corticosterone have been used as 
physiological indicators of stress and affective state (Webster 2005). Serum cortisol 
levels are often measured in cetaceans as part of blood analyses (Suzuki et al. 2003), 
and measuring cortisol from saliva or ‘blow’ (expired air) samples is now also being 
investigated, with the obvious advantage that the potential confounding factor of 
stress during sampling is diminished (Ugaz et al. 2013). These sampling techniques 
are still in the early stages of validation, with a major problem being water contami-
nation, but varying collection protocols and analytical techniques holds much prom-
ise for combatting this issue (Atkinson et  al. 2015). However, a recent review 
(Atkinson et al. 2015) warned that terrestrial animal stress models might not always 
be applicable to marine mammals, and these authors presented evidence to suggest 
that neuroendocrine hormones may be regulated very differently in cetaceans and 
called for increased research effort on this topic.

12.7.4  �Cognitive Measures of Welfare

Cognitive measures of welfare are the least well-established category within wel-
fare assessments, perhaps due to the high degree of experimental control and 
involvement required to conduct cognition studies (Mendl and Paul 2004; Paul 

Fig. 12.4  Photographic reference scale for assessment of squinting in bottlenose dolphins 
(Tursiops truncatus), as part of a welfare-related measure of eye disease developed by Clegg et al. 
(2015)
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et al. 2005; Mendl et al. 2009). Cognitive measures aim to show how behavioural 
and physiological responses to environmental stimuli are situated within cognitive 
processes, which are known to regulate, as well as be regulated by, emotions (Désiré 
et al. 2002; Paul et al. 2005; Boissy et al. 2007). The study of these phenomena 
appeared to experience a breakthrough with successful methodologies being estab-
lished to assess judgement bias in animals, and Mendl et  al. (2009) review the 
results from species tested using these methods to date. On the whole, animals 
experiencing environmentally induced reductions in welfare are more likely to 
judge ambiguous stimuli negatively, whereas animals in good or enriched environ-
ments tend to judge more optimistically (Mendl et al. 2009). The protocols used in 
these studies are generally physically non-invasive, but do require the animal to be 
trained (for possibilities of training see a review on the progress with marine mam-
mals in captivity, Brando 2010), and so this area of cognition and welfare research 
does hold potential for cetaceans. Apart from measuring welfare, cognitive tests of 
these kinds may further our knowledge of animal consciousness, which represents 
only a minor aspect of most current welfare research (Mendl and Paul 2004; 
Herman 2012).

Anticipatory behaviour preceding food consumption is closely related to dopa-
minergic activity and has been shown to increase the positive value of the following 
consummatory (consumption) event (Spruijt et  al. 2001; Boissy et  al. 2007). 
Anticipatory behaviour reflects the intensity of ‘wanting’ the food, which is sepa-
rate to the present-moment pleasure taken in consuming the food, and this phenom-
enon (anticipation of consumption) been proposed as a measure of welfare (Boissy 
et al. 2007), and may have promise for zoo animal assessment (Watters 2014). An 
initial study on anticipatory behaviour in bottlenose dolphins found that they dis-
play significant anticipatory behaviour before feeding sessions (Jensen et al. 2013), 
and a recent study of false killer whales (Pseudorca crassidens) indicated that cer-
tain vocalisations increased in conjunction with anticipatory behaviours (Platto 
et al. 2015).

12.7.5  �The Human–Animal Relationship (HAR) and Welfare

One understudied aspect of cetaceans’ lives in captivity merits discussion here in 
terms of potential positive and negative welfare impacts and the potential for wel-
fare measures: the Human–Animal Relationship (HAR). We are just starting to 
understand how much the HAR affects animals: farm species studies show clearly 
that a positive HAR is likely to increase welfare and a negative HAR decreases it 
(see review by Waiblinger et al. 2006), and this seems also to be the case with zoo 
animals (Hosey 2008; Whitham and Wielebnowski 2013). A positive HAR between 
owners and dogs has been shown to invoke oxytocin release in both parties and 
forms part of a feedback loop which may have facilitated the co-evolution of 
human–dog bonds (Nagasawa et al. 2015).
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12.7.5.1  �Potential for Negative and Positive Welfare

Cetaceans under human care are fed their daily food intake in multiple sessions of 
operant conditioning (Brando 2010; Jensen et al. 2013), and therefore a routine part 
of their day is spent with those who conduct the sessions: the animal care staff/train-
ers. This HAR may be salient for the animals, in terms of the extended time the 
humans and animals spend in close contact, and the fact that captive cetaceans are 
considered undomesticated (Brando 2012). There is likely to be a strong association 
between type of training and HAR (Brando 2010). The majority of cetacean facili-
ties use positive reinforcement training to teach (human) desired behaviours (Brando 
2012; Jensen et al. 2013), and the technique of positive reinforcement training pio-
neered in cetacean facilities has now spread to other animal industries (Laule et al. 
2003). This type of training may be conducive to good welfare (and/or to reductions 
in adverse welfare impacts) through establishment of a positive bond between the 
trainer and animal, providing a stimulating and safe environment, and ensuring vol-
untary cooperation from the animal (Laule et al. 2003; Brando 2012). There is evi-
dence that training sessions, especially those using positive reinforcement 
techniques, are also cognitively enriching (e.g. with other animals: Laule et  al. 
2003; Bassett and Buchanan-Smith 2007; Dorey et  al. 2015; cetaceans: Brando 
2012; Clark 2013). In the only study of its kind, Perelberg and Schuster (2009) 
showed that outside of feeding sessions, their group of bottlenose dolphins was 
willing to perform behaviours asked by the trainers, where the only reinforcement 
was human applause and furthermore that they approached humans voluntarily to 
receive rubs and petting. Cetacean species are known to be very tactile in their inter-
actions with each other (Dudzinski 2010; Kuczaj et al. 2013), and thus this might be 
a significant aspect of HARs they form in captivity. Some studies investigating dol-
phins’ behavioural repertoires in response to guest–dolphin interactions found an 
increase in play and behavioural diversity following the sessions, which the authors 
tentatively took to mean that the animals did not view the interaction negatively 
(Trone et al. 2005; Miller et al. 2011). Schmitt et al. (2010) found that stress hor-
mones in belugas showed no change between levels before or after wade-contact 
guest interactions or from baseline levels.

However, there are some captive facilities worldwide that continue to use nega-
tive reinforcement or positive punishment training (see Brando 2012 for definitions), 
and here we discuss the potential impacts on welfare. Other types of training are 
centred on forced cooperation, and although there are no published data for ceta-
ceans, we may assume that the invoked feelings of fear, frustration and aggression 
might be similar to those of farm and laboratory animals who interact with humans 
in this way (Waiblinger et  al. 2006; Bassett and Buchanan-Smith 2007; Brando 
2012). Inappetence in captive cetaceans may be an extreme consequence of a poor 
HAR or disinterest in training sessions and is a strong indicator of poor welfare for 
cetaceans (although it has many other causal factors including health and social 
reasons, Waples and Gales 2002). The presence of unfamiliar humans in the ceta-
ceans’ environment is an additional type of HAR that may influence welfare: Hosey 
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(2008) provides a useful matrix and model developed for zoo animals describing 
how various HARs with familiar and unfamiliar humans can coexist (Hosey 2008). 
Studies focussing on cetaceans’ responses to unfamiliar humans have found mixed 
results, where some found negative behaviours such as avoidance and aggression to 
increase during training sessions (Samuels and Spradlin 1995; Kyngdon et al. 2003; 
for positive behaviours see Trone et al. 2005; Miller et al. 2011).

12.7.5.2  �Human–Animal Relationship-Based Welfare Measures

Increased research into measuring cetacean HARs in captivity would help to clarify 
mixed findings from past studies and provide insight about the significance of HAR 
to welfare, results of which may also translate to wild contexts, such as tourists 
swimming with cetaceans. Clegg et  al. (2015) proposed a simple approach-
avoidance test, adapted from farm animal assessments, for measuring the HAR of 
bottlenose dolphins where the response to a trainer (outside of training sessions) 
was tested. This test and the study protocol described by Perelberg and Schuster 
(2009) are types of preference tests (similar to Dorey et al. (2015) with Canis lupus 
spp.) and could be developed further to include measures of motivation to interact 
with humans. Anticipatory behaviour before sessions could give insights to ceta-
ceans’ perception of HARs, but studies would need to disentangle this from the 
desire for food acquisition. Future studies might develop ethograms of cetacean 
approach, avoidance and frustration behaviours in HAR contexts (Waiblinger et al. 
2006), and potential confounding factors could be controlled, for example, interspe-
cific social behaviour during sessions, behaviour of guests and type of guest interac-
tion may influence HAR, as well as the duration and frequency of sessions. 
Standardised, detailed recordings of appetence levels and accompanying behaviours 
during training sessions could be conducted at all facilities, since inappetence is a 
potential measure of a poor HAR, social stress or disease: all strong negative wel-
fare indicators. Whitham and Wielebnowski (2009) review how keeper ratings of 
animal behaviour and well-being may be used as assessment tools, and since most 
cetacean facilities already take these kind of records on a daily basis, efforts could 
be made to standardise and utilise this kind of routinely collected data.

12.8  �Animal-Based Welfare Measures for Cetaceans 
in the Wild

In this section, we refer to Fig. 12.1 as a guide when discussing potential outcome-
based measures of welfare for wild cetaceans. However, identifying specific inputs 
and outcomes in the wild setting is more difficult since the quality of observations, 
the number of repeated observations per individual, the use of physiological sam-
ples and human interaction with the animals are some of the variables in practice, 
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and controlling for these variables is unlikely to be fully feasible in many situations 
(Dudzinski 2010). Long-term studies generally collect individual behavioural and 
life history data, with physiological and genetics parameters if possible (Wells 
2009), and thus should be a focal point for past studies and future wild cetacean 
welfare research.

12.8.1  �Behavioural, Health-Related and Cognitive Measures 
of Welfare

Behavioural measures of cetacean welfare are, in principle, non-invasive, feasible 
in several species and less ‘expensive’ to conduct (as they require little in the way 
of equipment or laboratory diagnostic tests, although are fairly labour intensive): 
thus, they have the potential to become important in evaluating the welfare of wild 
cetaceans. As with their captive counterparts, social behaviour is likely to provide 
indicators of welfare state, and social network analysis has been well used in stud-
ies to evaluate the bonds within cetacean groups (Lusseau 2003). Stanton and 
Mann (2012) showed how the development of early social networks can predict 
survivability, where fewer social bonds in early life resulted in a decrease in fit-
ness in bottlenose dolphins, suggesting that the number and quality of social 
bonds an individual has may be linked to longer-term welfare. Other, shorter-term 
measures of social behaviour described earlier in Sect. 12.7.2 could be applicable 
for measuring positive and negative welfare of wild cetaceans (e.g. contact swim-
ming, rubbing, aggressive behaviours), and similar validation protocols could be 
used to correlate these behaviours with other indices. The rake mark quantifica-
tion protocol developed by Clegg et al. (2015), based on the fact that rake mark 
cover can be used as a proxy for aggression levels (Scott et al. 2005; Orbach et al. 
2015), could be applied as a welfare measure for wild cetaceans. Since many 
odontocete species maintain social hierarchies which are partially sustained 
through play and aggression, and in which conspecifics are ‘raked’ (MacLeod 
1998; Visser 1998), a high level of rake marks could indicate those animals expe-
riencing social stress or a reduction in fitness (Waples and Gales 2002; Orbach 
et al. 2015; see Sect. 12.7.2 for potential link with welfare), and the quantification 
method proposed for captive dolphins by Clegg et al. (2015) (Fig. 12.2) could be 
applicable to wild dolphins.

Epidemiological parameters have potential as health-related welfare mea-
sures for wild cetaceans, since they are likely to represent the outcome of chronic, 
long-term and population-driven welfare states. However, such parameters are 
likely to have only limited feasibility as shorter-term assessments for individu-
als. Population measures such as longevity and reproductive rate would be most 
useful for welfare assessments if they were used in conjunction with other data 
(Swaisgood 2007; Barber 2009): examples from the farm animal literature show 
that assessment of reproductive success alone can be very misleading if used 
alone to imply good welfare (Dawkins 1980). A recent study (Christiansen and 
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Lusseau 2015) examined body condition, behaviour and foetal growth rate in 
minke whales, Balaenoptera acutorostrata, and used these population measures 
to assess the impact of whale watching, and although welfare was not expressly 
discussed, their conclusions provide support for assessing the long-term affec-
tive states of wild cetaceans. Data on individual or population-level disease 
parameters, already being collected in wild cetacean health assessments (e.g. 
Reif et  al. 2008; Schwacke et  al. 2014), could be correlated to behaviours in 
future studies to identify sickness behaviours and poor welfare indicators.

Pack (2010) discusses the progress of cognition research in wild cetaceans and 
emphasises how in the future collaborations between wild and captive fields will 
maximise our understanding and the value of the conclusions attributable to the 
data, as has been the case with cognition studies in non-cetacean species. Cognitive 
welfare measures for wild cetaceans might seem to be unlikely in terms of practi-
cality, and certainly controlled, experimental settings are not as readily possible 
as they are in captivity, but nevertheless these are promising areas which merit 
further research. One of these is the occurrence of lateralised behaviours, a result 
of the differential processing of information by the two hemispheres of the brain 
(Rogers 2010; Leliveld et al. 2013). Thus far, studies in other species indicate that 
when stressed, the right hemisphere may be used preferentially (Rogers 2010). 
Leliveld et al. (2013) suggest that the right hemisphere processes negative emo-
tions, including anxiety and fight or flight responses, and the left deals with posi-
tive emotions. Although the link between lateralised behaviours and welfare is not 
yet clear (Rogers 2010), this phenomenon could be a source relevant information 
about affective states and furthermore is relatively easy to measure in wild ceta-
ceans: examples can be found in humpback whales (Megaptera novaeangliae), 
grey whales (Eschrichtius robustus), belugas, killer whales and bottlenose dol-
phins during various behaviours (Kasuya and Rice 1970; Silber and Fertl 1995; 
Clapham et al. 1995; Sakai et al. 2006; Karenina et al. 2010, 2013). In the research 
with the closest links to affective states, Karenina et al. (2010, 2013) found that 
during nonthreatening situations, belugas and killer whales (Orcinus orca) posi-
tioned calves on their right side, with killer whales favouring the left side as the 
situation became increasingly threatening, and Sakai et al. (2006) found that in 
affiliative flipper rubbing behaviour, the left pectoral fin and eye were used more 
by Tursiops aduncus. In this arena of research, there are indications that laterality 
in certain behaviours may be linked to affective state and welfare, but further 
work is needed to be able to unravel the potential environmental and evolutionary 
causal factors.

12.8.2  �Welfare Measures Related to Human Interactions

There is a need to monitor the welfare of wild cetaceans specifically as result of 
human interactions or their related activities (Butterworth et  al. 2012). We have 
already reviewed some of the studies that have investigated the disturbance or pain 
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inflicted on cetaceans by humans (e.g. Cassoff et al. 2011; Butterworth et al. 2013), 
but in this section of the chapter, we emphasise the need for researchers to tackle the 
problem of assessing the welfare of animals affected by acute human interactions. 
Welfare is an all-encompassing, multidimensional aspect and thus incorporates 
many different areas of science (Dawkins 2006), and, although human-impact stud-
ies on cetacean do examine some of these elements separately, bringing them all 
together in a ‘holistic’ or integrated way could aid in understanding the effects of 
the issue in real time (Butterworth et al. 2012). Ohl and van der Staay (2012) explain 
how welfare assessments of wild animals need to be more dynamic and flexible to 
really answer questions about wild animal welfare and that the adaptive value of 
welfare states must be considered. We discuss a few examples below: situations 
where welfare frameworks could aid in the management and conservation efforts 
related to human-inflicted welfare issues.

There are a small number of studies which assess welfare as a by-product of their 
main questions of interest. Christiansen and Lusseau (2015) correlated health-, 
behavioural- and population-level welfare measures to assess non-lethal impacts of 
whale watching. Similar approaches have been seen in the research conducted to 
assess the effects of the provisioning (daily feeding) of a wild population of bottle-
nose dolphins in Australia. In these studies, behaviour and population parameters 
were combined with long-term ontogenetic data, to suggest that reproductive rate is 
lowered in provisioned females and that mother–calf behaviour is significantly dif-
ferent (Mann et al. 2000; Mann and Kemps 2003). In situations such as entangle-
ment, tourists swimming with wild cetaceans, and anthropogenic noise, measures of 
poor welfare could be identified, and behavioural indicators of frustration, distress 
and fear might be used. Collaborations between captive and wild animal researchers 
may help to reveal potential welfare indicators for some species, with an example 
being Dudzinski et al.’s (2012) study on pectoral fin rubbing frequency—applicable 
in both wild and captive settings, although the focus in the study as presented was 
exploration of function of the behaviour, as opposed to use of the behaviour as a 
measure of welfare.

12.8.3  �Welfare Evaluations During Strandings

Strandings may be caused by humans’ agency, or by other factors, and when humans 
try and rehabilitate stranded animals, welfare questions are inevitably raised. With 
single strandings, the first question usually concerns the animal’s chances of sur-
vival and whether or not efforts to treat it are futile (Butterworth et al. 2004). In this 
case, monitoring indicators of system functioning, alertness and vital signs are cru-
cial for decisions made concerning the animal’s welfare, and some of this data has 
been collected during past stranding events (e.g. Greenwood and Taylor 1980). 
Butterworth et al. (2004) examined 12 indicators of sensibility and 6 of vitality in 
multiple captive cetacean species, to be used as the basis for assessment of viability 
in stranding situations. Measuring hearing capabilities in stranded cetaceans has 
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been recently advised to assess suitability for rehabilitation and discover the poten-
tial reason for stranding (André et al. 2007). In mass stranding events, resources are 
limited, and care is often allocated after a triage process. In the triage assessment, 
rapid analysis of each animal’s ‘need versus probability of success’ is made. 
Proficiency in conducting physiological, behavioural and anatomical animal-based 
measures, by the multiple team members present, would potentially be useful and 
may save animals’ lives. Other welfare indicators such as body condition, wound 
severity or rake mark cover could provide information about the health state prior to 
stranding, which may also indicate the likelihood of survival post-refloating or 
release and, also potentially, information on the cause of stranding (Joblon et al. 
2014). Some standardised protocols for these measures have been proposed (Joblon 
et al. 2014; Clegg et al. 2015) and could be adapted for a wider range of species. 
When applied in stranding situations, welfare assessment tools may aid in ethical 
decision-making, helping to ensure that resources are used efficiently and animal 
suffering is minimalised.

12.9  �Recommendations for Developing Measures 
of Cetacean Welfare

Research towards developing cetacean welfare measures must, because of their 
nature, be conducted in situ (Dawkins 2006), i.e. in the facilities or environments 
inhabited by the animals, and must look for measures and approaches specific to the 
species in question (Botreau et  al. 2007; Hill and Broom 2009). The layout and 
organisation of zoological institutions mean they might already be well prepared to 
conduct in situ assessments of the animals in the captive environment. The animals 
are often visible and identifiable in their enclosures, there are multiple daily interac-
tions with the keepers, and there are systems of individualised care and record-
keeping (Barber 2009). Underwater windows in captive cetacean facilities are 
useful for behavioural observations (Dudzinski 2010), and therefore welfare assess-
ment and thus extra considerations must be made for facilities without windows. 
Behavioural monitoring of captive cetaceans will likely be of utmost importance in 
welfare evaluations and should be conducted regularly and thoroughly (Waples and 
Gales 2002; Clegg et al. 2015). In the wild, conditions are more difficult for measur-
ing welfare, but long-term studies of cetacean populations could more readily 
answer some welfare-focussed questions. Such studies of wild populations often 
have access to individual animals’ life history, genetics, past behaviour, photo-
graphic records and, sometimes, physiological records as well (Wells 2009). 
Inclusion of welfare assessment protocols as part of ongoing research in well-
studied wild populations might form the best starting point for investigation of wel-
fare indicators in wild cetaceans.

In the previous sections, we have suggested research areas for potential behav-
ioural, health-related and cognitive welfare measures, and we now give our final 
considerations to how best to validate measures once they have been identified. This 
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is a challenging process, since when researching welfare in a relatively understudied 
arena there are not any validated measures to correlate with newly proposed mea-
sures (Boissy et al. 2007). Using lessons drawn from farm animal welfare research, 
in certain contexts, it is possible to explore the effects of perceived increases or 
decreases in welfare, which occur ‘naturally’ within the day-to-day environment of 
the animals (Désiré et  al. 2002). Farm animal research has created a specifically 
focussed set of welfare measures for use during farm animal transport (e.g. Bradshaw 
et  al. 1996), and this approach could also be considered for cetacean studies. 
Castellote and Fossa (2006) used transport of cetaceans between facilities, which 
occurs for breeding purposes or social group changes, to study vocal activity as a 
potential welfare measure and also to examine other potential measures of welfare 
status, including salivary cortisol and respiratory rate. Other welfare-altering and 
impacting situations which captive cetaceans may experience include medical exam-
inations (Schmitt et al. 2010), mixing new groups together (Waples and Gales 2002) 
and situations where the animal is showing inappetence (Waples and Gales 2002).

Conversely, it may also be possible to conduct measurements in contexts where 
welfare is likely increased, for example, during feeding events (Platto et al. 2015), 
times of enrichment provision (Boissy et al. 2007; Clark 2013) and tactile interac-
tions with humans, if these can be further confirmed to offer positive welfare poten-
tial (Perelberg and Schuster 2009). As mentioned in earlier sections of this chapter, 
research could be conducted into cognitive measures such as tests of judgement 
bias, to determine whether the biases in dolphins vary with welfare state, as has 
been demonstrated in other species. If this proves to be the case, then cognitive 
assessment methods may have strong potential to validate other measures taken in 
conjunction and could be utilised in the validation of a range of measures (Mendl 
et  al. 2009). Contexts for validating wild cetacean welfare measures could be 
anthropogenic disturbances (e.g. Butterworth et al. 2012; Christiansen and Lusseau 
2015), periods of social stress (e.g. hierarchy change; see review in Waples and 
Gales (2002)) and situations of environmental change. Valid welfare measures from 
either the wild or captivity could, and perhaps should, be applied during collabora-
tive studies between the two settings, and the potential synergy may strengthen the 
meaning of outcome measures of welfare (Dudzinski 2010; Pack 2010).

Another approach to validation perhaps only relevant to captivity is to apply a 
range of non-validated assessments at different animal establishments and to inves-
tigate whether the results correlate to other welfare-related information about the 
facility (e.g. mortality rates, reproductive rates, government resource-based assess-
ments, rate of serious human/animal incidences). This approach is starting to occur 
with farm animals (e.g. Temple et al. 2011) and would be feasible for cetaceans 
using assessment systems such as that described by Clegg et al. (2015).

Cetacean welfare assessments, especially in captivity, have potential to benefit 
the animals themselves if they can highlight situations and practices correlated to 
positive welfare states (Clegg et al. 2015) and can help to promote change to reduce 
negative impacts. As has been suggested with other species kept in zoos (Veasey 
2006; Whitham and Wielebnowski 2013), objective data on cetaceans’ welfare in 
captivity could result in improved future regulations, or in some cases, prohibiting 
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of some practices or management methods, and might help the public to make 
informed consumer decisions about whether (or not) to visit and support captive 
cetaceans. Wild cetaceans are facing increasingly significant anthropogenic threats, 
and validated measures of cetacean welfare may aid in revealing poor welfare of 
individual animals (e.g. entanglement, Cassoff et  al. 2011), or threats of poor 
welfare to populations, and potentially stimulate public support for conservation 
efforts. Since welfare encompasses many different areas of science, cetacean wel-
fare research based on objective, animal-based assessment methods could advance 
our knowledge and understanding of these animals in both the wild and captivity.

12.10  �Conclusions

Animal welfare science can provide tools and frameworks which can aid in the 
assessment of cetacean welfare. There are only a few studies that have considered 
measuring cetacean welfare in captivity, and the concept is not yet discussed for 
those in the wild. Combining behavioural, health-related and cognitive measures of 
welfare is likely to be the best way to reveal valid indicators, and we may find that 
social behaviour, anticipatory behaviour, cortisol and cognitive bias experiments 
could yield the first welfare measures of captive cetaceans. Social behaviour, assess-
ment of rake marks, population parameters and visual laterality have potential for 
use as wild animal indicators. Collaborations between wild and captive researchers 
would increase the chances of identifying welfare indicators that are meaningful 
and considered by a wide group of stakeholders to be valid. The next logical steps 
in this progressive process are that, after identifying an initial group of potential 
cetacean welfare indicators, they are validated through practical application, and the 
correlations between measures explored. The implications of an agreed and estab-
lished set of measures of cetacean welfare would be widespread, with the potential 
for direct benefits to the animals themselves, more accurate information for the 
public, greater support for conservation and the reviewing and improvement of 
regulations.
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Chapter 13
The Welfare Impact on Pinnipeds of Marine 
Debris and Fisheries

Andy Butterworth and Sue Sayer

Abstract  Uncounted, and usually unobserved, numbers of the animals that live in 
the oceans find themselves snared, trapped or entangled in lost fishing gear, mono-
filament line, nets, rope, plastic packaging and packing bands from crates, or become 
hooked on discarded fishing gear, or ingest human marine debris. Seals, sea lions 
and walrus (the pinnipeds) seem particularly susceptible to entanglement in marine 
debris—their exploratory natures may make this more likely, or perhaps they come 
upon plastic waste and rope on the shoreline to a greater extent than the other fully 
aquatic mammals. Pinnipeds meeting with plastic, either in the sea or on the shore-
line, may carry debris wrapped around themselves for long periods. They often die 
as a result, sometimes from major chronic wounds. Although a wide range of the 
global species of seals can be affected by marine debris, some species are much 
more significantly affected than others. The key seal species affected by entangle-
ment are monk seals, fur seals and California sea lions. Seals which become entan-
gled or who ingest marine debris may be subjected to distress, pain, trauma, infection, 
skin and muscle lesions and compromised ability to move, feed and carry out normal 
behaviour. For these reasons marine debris has the capacity to present a significant 
and global issue with respect to animal welfare, as well as to more immediately 
apparent concerns regarding habitats and the quality of the marine environment.

13.1  �Introduction

Uncountable and unobserved in many cases, large number of pinnipeds are becom-
ing tangled, or trapped, in discarded or lost fishing gear, net, rope, packaging and 
monofilament fishing line, or are hooked on fishing equipment (Convention on 
Biological Diversity 2012). Pinnipeds may be captured as by-catch and die (e.g. in 
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live operational fishing gear—mostly gill and trawl nets) or become live entangled 
(mostly in storm damaged or discarded ghost fishing gear) with consequent welfare 
implications. The pinnipeds appear particularly susceptible to entanglement in this 
kind of marine waste; perhaps they encounter net, rope and waste on shorelines and 
in coastal waters more than the oceanic marine mammals. As highly intelligent 
mammals, pinnipeds appear curious about their environment and so likely to inves-
tigate materials floating in the water column, particularly juvenile animals when 
playing. Seals, walrus and sea lions meeting with waste or ghost fishing gear (ghost 
gear is abandoned, lost or otherwise discarded fishing gear—ALDFG—which con-
tinues to ‘fish’ in an indiscriminate way), in the shallow water of the coast or on the 
shore, may carry this material wrapped around them for a long period and some-
times die from the penetrating wounds caused by the rope and line. A broad range 
of species can be affected by entanglement, but some are much more commonly 
seen wrapped with rope, net or marine debris than others, especially monk seals, fur 
seals, grey seals and California sea lions. Seals wrapped or trapped in loops of 
marine debris may experience pain, fear, skin lesions and infection and sometimes 
deeply incised wounds from rope or line, which can amputate limbs, and cut down 
to bone (Fig. 13.1). The lines or fragments of net can interfere with their ability to 
move and perform natural behaviours—to keep up with conspecifics, to hunt, to for-
age, to mate and to move through the water at speed. Entanglement may also lead to 
complications such as oedema in pregnant females with the potential for reducing 

Fig. 13.1  Live juvenile grey seal with deep open wound from trailing trawl net freed by the British 
Divers Marine Life Rescue. Image credit: Sue Sayer, Cornwall Seal Group Research Trust
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survival and fecundity. Entangled debris presents a global animal welfare concern, 
and the recent launch of the Global Ghost Gear Initiative by World Animal Protection 
(WAP 2016) is the first major organisational initiative with a direct focus on marine 
debris in relation to animal welfare. Debris can damage local habitats by smothering 
rock and seabed substrates, resulting in the need to animals to alter their feeding 
behaviour. Many pinniped species have telescopic necks that improve their ability to 
accelerate forward to snatch prey, and with many entanglements occurring around 
the neck and head area, this ability can be severely reduced. The natural panic reac-
tion for some pinnipeds is to spin their bodies and this can further entangle them in 
fishing gear. Different types of entangling materials have different impacts. 
Monofilament net or line tends to incise deeply through skin and into flesh, caused 
by the animal’s movement alone and then by subsequent growth. Multifilament net 
may be more prone to harbour bacteria and so likely result in infection—one grey 
seal was known to have died within 128 days of his last pre-entanglement sighting 
as a result of trawl net (Sayer et al. 2015), whilst others have been known to live over 
14 years with presumed monofilament wounds. Post-mortems have shown that flesh 
and skin can completely regrow over the entangling material (Sayer et al. 2015).

Marine debris may also be a source of chemical pollutants in the sea; plastics 
may release plasticisers and additives, which can cause toxicity in top predators 
when these toxins accumulate in their marine food.

Marine debris is found in all corners of the oceanic world, but the reporting of 
the effects on pinnipeds is not uniform and is linked to the number of ‘observers’ 
who report entangled animals (Fig. 13.2). Perhaps because of the patchiness of 

Fig. 13.2  Adult female grey entangled seal dead and decomposing, undetected whilst alive. Image 
credit: Liz Clark, Cornwall Seal Group Research Trust
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reporting rates, there is almost no reported and published information on pinniped 
entanglement in some parts of the world. Moore et al. (2013) reported that post-
mortems of dead and live stranded pinnipeds correlate with the distribution of 
human impacts including fishing gear entanglement, boat strikes and malicious 
gunshot wounding. Harcourt et al. (1994) suggest that published rates of entangle-
ment are likely to be underestimates, because they report only animals seen when 
they come onto shore and do not report or detect those animals which die out at 
sea (Fig. 13.3). Both of these authors note that inaccessibility, delayed discovery 
and human safety concerns for access to places where these animals are found 
may limit the accurate reporting of the cause of death and so result in under-
reporting of animals dying as a result of marine debris and entanglement. 
Assumptions are often made about similarly entangled animals being the same 
individual, and only detailed photo identification research can reveal the true 
extent of this issue.

There are big variations in the geographical spread of research into marine 
debris and its potential effects on animals. The 2012 Convention on Biological 
Diversity report (CBD 2012) identifies this imbalance and indicates the numbers of 
reports reviewed which concern entanglement in debris in a wide range of species 
(not only pinnipeds) from different oceans: They report ‘Americas (North and 
South) (117), Australasia (56), Europe (52), Africa (12), Antarctic (7), Asia (6) and 
Arctic (5)’.

Fig. 13.3  Litter raft of mixed materials including lost fishing gear and a dead grey seal. Image 
credit: Mike Stephens, Cornwall Seal Group Research Trust

A. Butterworth and S. Sayer



219

Estimates for animal entanglement and ingestion rates rely on reports of animals 
seen alive, or which have only recently died (otherwise the carcases become too 
decomposed for full analysis); therefore, the scale of this issue is likely to be 
seriously underestimated. If animals die unseen, as will be the case for many, pos-
sibly even the majority, of animals, then they will not be reported. Dead stranded 
animals with ghost fishing gear around their necks have been observed to decom-
pose in such a way as leading to headless carcasses which further clouds accurate 
reporting. As Cole et al. (2006) say—‘Our greatest concern remains the number of 
animals we never saw’.

Overall comments on the reporting variability for entanglements are made by 
Butterworth et al. (WSPA 2012). And even if regional reporting bias is taken into 
account, it is apparent that some areas produce higher risks of ingestion and entan-
glement than others, and so it is possible that highly targeted action in these areas of 
high risk might act to ameliorate localised marine debris impacts and that it may be 
worthwhile to focus resource and work to create improvements in these areas. The 
reported ‘hotspots’ for entanglement of pinnipeds are the western coast of the USA, 
sea lions and fur seals; the eastern coast of Australia, fur seals; the south African 
coast, fur seals; and the Celtic and North Seas, where the gulf stream is known to 
bring large amounts of debris, grey seals.

13.2  �A Short History of Marine Debris

When the explorer Thor Heyerdahl crossed the Atlantic Ocean in 1970, he was so 
concerned about the marine debris that he observed on the oceans that he submitted 
a report to the United Nations 1972 Stockholm conference on the Human 
Environment (United Nations 1972). Marine litter is defined by the United Nations 
Environment Programme as ‘any persistent, manufactured or processed solid mate-
rial discarded, disposed or abandoned in the marine and coastal environment’, and 
the United Nations Environment Programme of 2005 (United Nations 2005) esti-
mated that 6.4 million tonnes of ‘litter’ end up in oceans every year. Estimates for 
the total amount of marine debris now present in the oceans vary, but, on average, 
around 300,000 items of litter and debris are estimated to be present per km2 of 
ocean surface (NRC 2008). Marine waste and debris comprise plastics, metal, glass, 
rubber, paper and objects comprised of multiple man-made substances such as 
packaging boxes, bottles, fishing nets and floating accumulations of mixed waste 
material bound together into litter rafts (Fig. 13.3).

Plastic dominates marine litter because it is usually either neutrally buoyant or 
slightly denser than sea water, and because of its longevity. The top debris items 
collected between 1989 and 2007 were (ICC 2008) 

‘Cigarettes/cigarette filters: 24.6%, Bags (paper and plastic): 9.4%, Caps/lids: 9.1%, Food 
wrappers/containers: 8.9%, Cups/plates/forks/knives/spoons: 7.2%, Plastic cans: 4.6%, 
Straws/stirrers: 4.4%, Rope: 2.1%’.

13  The Welfare Impact on Pinnipeds of Marine Debris and Fisheries



220

Wilcox et al. (2016) listed the potential impacts of various forms of marine debris 
on marine mammals from the highest rank (risk) to the lowest rank: ‘Buoys/traps/
pots; Monofilament line; Fishing nets; plastic bags; Butts (cigarette butts); Plastic 
utensils; Balloons; Plastic caps; Food packaging; Plastic food lids; Straws/stirrers; 
Takeout containers; Hard plastic; Cans; Cups and plates; Glass bottles; Beverage 
bottles; Paper bags’.

‘Plastics’ are made from synthetic organic polymers—common forms of plastic 
include polyesters, polyethylene aramids and acrylics, polyethylene terephthalate 
(PET), polypropylene, nylon and high-density polyethylene (HDPE). Most rope, 
monofilament line and fishing net and a large proportion of packaging material are 
manufactured from plastic, sometimes woven, braided or plaited, to increase its 
strength as a fibre. Rope, monofilament line and net are specifically designed for use 
in the sea, are very strong, are resistant to degrading by saltwater and sunlight, and 
are resistant to abrasion. Plastics are usually neutrally dense or buoyant in the sea 
and float at the surface or sink only slowly in the water and can be carried by ocean 
currents. Nylon monofilament fishing line was first sold in 1939 (New World 
Encyclopedia 2016), and since that time monofilament plastic line has become 
much stronger, almost invisible in water (monofilament lines have low optical den-
sity) and extremely strong. Fishing lines are strong when related to their thickness, 
and this thin strength can result in extreme tissue damage when animals become 
entangled. Some plastics may last for up to 600 years in the sea, and because of their 
durability and longevity, abandoned, lost or otherwise discarded fishing gear 
(ALDFG) or derelict fishing gear (DFG), nets, lines, lost traps, floats with line, rope 
or net attached and monofilament fishing line (sometimes with hooks) are a particu-
lar concern for animal welfare.

‘Packing bands’ are extremely strong (by design) and are used to close contain-
ers and packages. They are usually made from polypropylene, nylon or polyester, 
often reinforced with other plastic fibres, and they are not only strong and resistant 
to degradation but are commonly formed into loops (around the original container), 
and these looped structures more commonly trap animals, particularly pinnipeds, 
than straight lines or ropes. Loops of packing band are seen in a wide range of loop 
size, and each type of loop may represent a particular hazard to a species or age 
group of seal or sea lion.

The US National Marine Debris Monitoring Program (Sheavly 2007) indicated 
that 17.7% of marine litter found on beaches came from ocean activity, with a large 
proportion of debris linked with fishing, including nets, fish baskets, fishing line, 
rope, buoys, floats, pots and traps. In the UK, fishing-derived marine debris includes 
nets, buoys, line and floats, and is the second largest source of marine debris after 
litter from beach visitors (Marine Conservation Society [MCS] 2007). Sayer and 
Williams (WAP, 2015) identified differences in the fishing gear found lost at sea 
(buoys and floats, 41%; trawl net, 17%; monofilament net, 14%; rope, 12%; others, 
9%; pot related, 6%, and monofilament line, 1%) to that recorded on land (beaches) 
in the same area (monofilament line, 29%; rope, 26%, pot related, 11%; trawl net, 
11%, others, 10%; buoys and floats, 8%; monofilament net, 5%)—this representing 
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a kind of ‘selection’ for some types of fishing-related gear to be more likely to occur 
as lost in the sea. Marine debris comes from a wide range of other man-made 
sources; from intentional and unintentional waste tipping from shipping, including 
fishing vessels; from accidental or deliberate dumping of domestic, commercial or 
industrial waste into the sea from the land; from waste blown from shore or from 
boats; and from land-based debris or waste moving down rivers and into the sea 
after storms or floods.

The manufacturing origin (however, not the disposal location) of many objects 
can be determined from the barcode that the object carries (the initial three letters of 
the code indicate the manufacturing country). Santos et  al. (2005) reported the 
source of debris found on beaches in Brazil and found that the country of origin of 
identifiable objects was ‘USA 12.2%, Italy 7.6%, South Africa 6.4%, Argentina 
6.0%, Germany 5.6%, United Kingdom 4.6%, Taiwan 4.4%, Singapore 3.6%, Spain 
3.6%, Malaysia 3.1%, with ‘others’ 35.2% and ‘unidentified’ 7.6%’.

Barcode tracing for plastic debris shows that marine debris can be found 10 years 
later and 10,000 km from its origin (Barnes et al. 2009).

Marine litter in the ocean slowly breaks down into small particles, and these 
plastic pieces are now found in the water and marine sediments across the world. 
The Great Pacific Oceanic Gyre has debris estimated to have a mass of 100 mil-
lion tonnes, and this is particularly concentrated into an area the size of France 
and Spain together (Sheavly 2007). Before the 1980s, relatively small quantities 
of marine litter reached the Southern Ocean. Today, there is now movement and 
accumulation of marine litter across the whole southern hemisphere, and signifi-
cant amounts of marine debris have moved towards Antarctica (Barnes 2005). 
Plastic tends to break down rather slowly in the marine environment. Wang et al. 
(2016) report that the effects of UV-B radiation and exposure to oxygen, and auto-
catalytic degradation of plastic in the low temperatures of the sea is very slow 
when compared to degradation in the terrestrial environment. Zalasiewicz et al. 
(2016) state that degraded plastic is so widespread in ocean sediments that 
degraded plastic may become a key future geological indicator of the Anthropocene 
(current time, time of mankind).

One perceived route to reduction of marine debris, and hence having the poten-
tial to reduce wildlife entanglement, is through educational programmes. Pearson 
et al. (2014) report a survey used to assess the familiarity of the Australian public in 
coastal communities with an initiative called ‘Seal the Loop’—an educational pro-
gramme aimed at protecting seals from marine litter. A majority of the participants 
in the study were familiar with the education programme, but 32% of the partici-
pants were not able to explain what the risks of marine debris to wildlife actually 
were. The respondents also underestimated the actual impact on wildlife numbers, 
however, this study did conclude that ‘learning something new about the impact of 
marine debris did change waste disposal behaviours’. A lost fishing gear recording 
scheme in Cornwall, UK, saw the removal of 50 tonnes of lost fishing gear recorded 
in a 12-month period, with an assessed reduction in serious risk posed to grey seals 
from 47 to 26% (Sayer and Williams 2015).

13  The Welfare Impact on Pinnipeds of Marine Debris and Fisheries



222

13.3  �Plastic Waste Impacts on Animal Welfare 
Through the Entanglement of Pinnipeds

For many people, a description of an animal as having ‘good welfare’ might include 
the animal being ‘well’ (i.e. not unwell) and also that the animal had the potential 
for ‘well-being’—or, at least, not subject to high levels of distress or high frequen-
cies of interference. With regard to a state of ‘good welfare’, disease or physiologi-
cal or anatomical damage, injury and trauma would provide potential welfare 
challenges. Sandoe and Simonsen (1992) used the term ‘cost of coping’ implying 
that emotional distress, pain or increased levels of physiological or disease-related 
challenge would have a ‘cost’ to the animal and that if this cost was great, or in some 
cases excessive, then the animal would be less likely to ‘cope’. Prolonged failure to 
cope would probably result in suffering.

For wild animals, entanglement in a loop of rope, a discarded net or a packing 
band could represent a severe compromise to their ability to cope and so induce suf-
fering. The entanglement could result in altered; feeding behaviours, use of food 
sources, social interactions and breeding patterns, hunting or foraging patterns and 
territorial or animal–human interactions.

For an individual animal, the capacity to cope (or not) would depend on the 
severity of the entanglement and whether the entanglement caused restriction of 
movement or, in some cases; trauma, skin lesions, wounds and an altered ability to 
swim, mate or feed. The size, locality, physiology, feeding habits, behaviours and 
types of marine debris found in the sea around different pinniped species will affect 
whether entanglement happens, how and when it takes place, at what age (linked to 
body size and inquisitive behaviour) and with what debris items. Entanglement 
could be ‘acute’, causing sudden and severe welfare problems such as asphyxiation, 
or trapping underwater, or ‘chronic’, in which the welfare impacts may increase 
over time through incisive wounds, susceptibility to infection and long-term restric-
tion of behaviours.

A large number of seal and sea lion species are recorded to have been entangled, 
with 58% of all species of seals and sea lions reported by Boland and Donohue 
(2003). The incidence rate of entanglement for seal and sea lion species is reported 
to be from 0.001 to 5% annually of the local seal population, with notably high 
levels of entanglement of up to 7.9% in California sea lions from Mexico (Harcourt 
et al. 1994). Williams et al. (2011) report high entanglement rates for northern ele-
phant seals (Mirounga angustirostris), Steller sea lion (Eumetopias jubatus) and 
harbour seal (Phoca vitulina) around the coast of British Columbia. A study of 
Bering Sea northern fur seals estimated that 40,000 seals were killed by marine 
debris entanglement each year (Derraik 2002). Rates of entanglement in grey seals 
in South West England are of a similar magnitude, averaging 3.1% between 2000 
and 2013 (Sayer et al. 2015).

When seals become entangled, this can involve a ring of packing strap, or a frag-
ment of fishing net, or a loop of monofilament line—which commonly forms a col-
lar around the neck, or less commonly a loop around the central abdomen. The loop 

A. Butterworth and S. Sayer



223

becomes tighter as the seal grows and may become deeply trapped in the skin. This 
is because the animal cannot remove it due to its tension or the directional hair of the 
coat (which is flattened against the body in the direction of least water resistance). 
If the seal is adult, the loop can cut into the tissues of the flipper or the neck and may 
become firmly embedded in the skin, subcutaneous fat or muscle and sometimes, 
finally, into bone. If the loop becomes deeply enmeshed or embedded, then it is 
unlikely that the seal can ever remove it. Most entanglements are in young animals, 
maybe because they are more curious, inquisitive and exploratory than adults, or 
perhaps because they are naïve feeders, less familiar with the hazards represented by 
fishing net fragments, or packing band loops. Young seals with severe constrictions 
may have feeding restricted to the point of starvation. Loop ligatures can cause 
amputation of the flippers, or create wounds open to infection, which limit the likeli-
hood of survival. The constriction around the neck can embed in the tissues and 
finally cause strangulation as the animal grows into the noose. Because plastic-
based rope, net and packaging bands are so durable, after death, the debris can 
returned to the sea, with the potential to entangle other animals (WSPA 2012).

Trailing entangling materials have a tendency to cause asymmetrical wounds 
as they catch under the animal’s body during locomotion on land, causing deeply 
incised wounds at the back of the neck when the animal moves on land. Longer 
trailing materials can have a significant impact on survivorship, with longer trail-
ing material lengths associated with poorer survival rates (Sayer et  al. 2015). 
Entangled seals will experience increased drag during swimming (Boland and 
Donohue 2003). Derraik (2002) describe how northern fur seals (Callorhinus 
ursinus) entangled in even small net fragments of as little as 200 g in weight expe-
rience a fourfold increase in the energetic requirement to compensate for drag 
caused by altered water flow. This drag effect restricts movement and may ulti-
mately lead to the exhaustion or drowning of the animal. Where stellar sea lions 
(Eumetopias jubatus) in Alaska and British Columbia ingest lost fishing line with 
hooks attached, the hooks and lures lodge in the animal or can damage the mouth 
and the digestive tract and reduce the animal’s capacity to forage and feed 
effectively.

13.4  �Severity Scoring for Pinniped Interactions 
with Marine Debris

In human medicine, scoring scales are used to describe wounds and to enable 
clinicians to gauge and communicate how the wounds are healing. The Red Cross 
has a classification of war wounds, used to describe wounds based on their visual 
appearance (not based on what caused them) (Coupland 1992). Work has been 
initiated on the assessment of entanglements in marine mammals. At the 2007 
NOAA/NMFS (NOAA 2007) Serious Injury Technical Workshop, held in Seattle, 
a hierarchical descriptive scale for entanglement injuries to marine mammals was 
proposed:
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“Serious—gear-related injury; ingestion of gear; trailing gear (e.g. flasher or lure), when 
it has the potential to anchor or drag, or when it is wrapped around the animal; gear 
attached to the body with the potential to wrap around flippers, body, or head; foreign bod-
ies penetrating into a body cavity;

Multiple wraps around the body; missing flippers—front and back flipper (serious), for 
both otariids or phocids; deep external injuries.”

“Non-serious—gear-related injuries; hooked in the lip; hooked in flipper, etc. with minimal 
trailing gear that does not have the potential to wrap around body parts, accumulate drag, 
or anchor; freely swimming animals encircled by purse seine nets.”

“Grey area—gear-related injuries (less clear how serious the welfare impact is): hooked in 
head (serious injury could be assumed, but it depends on several factors, including where 
on the head the hooking took place, the depth of the hooking, the type of hook, etc.); animals 
stressed by being encircled or trapped (e.g., purse seine); animals released without gear 
following entanglement (this designation depends on the extent of the injury or how long 
the animal was submerged, how long the gear was on the animal, and the degree of 
restraint).”

Other impacts of interactions with humans were also discussed: ‘Pinniped 
brought onto a vessel’ (this was considered in this report to be ‘non-serious’) and 
the severity for the animal of being brought up onto a boat which depended on how 
the animal was brought up, e.g. in net, or a roller (a fishing boat net handling 
device), or through the power block (the powered device used to haul a net onto the 
deck).

Some scenario examples of ‘serious scores’ are provided to illustrate the possible 
welfare impacts, which could cause severe welfare insults, and based on descrip-
tions of observed seal entanglements from Spraker and Lander (2010):

“Rope fragment wrapped around shoulder, strands had cut through the muscles of the right 
shoulder and halfway through the mid-portion of the humerus.

Material wrapped around upper neck, line had cut through the lower half of trachea.
Line wrapped around mid-neck, had cut through all dorsal muscles of the neck exposing 

the dorsal spinal processes of the cervical vertebrae.”

Successful trials were conducted to assess the risks posed to marine life by lost 
fishing gear by Sayer and Williams (WAP, 2015). Firstly, risk was assessed in 
terms of likelihood of marine life interaction with the lost fishing gear—described 
as ‘possible’ (P) if seals/birds used the area routinely, ‘likely’ (L) if seals/birds 
were within 5 m of the item and ‘witnessed’ (W) if they were observed touching 
the item; otherwise the risk was assessed as ‘unlikely’ (U). Secondly, risk was 
assessed according to the likelihood of marine life entanglement in the lost fishing 
gear—described as ‘possible’ (P) if the item was looped/meshed or a balled mass, 
‘likely’ (L) if they were within 5 m of a looped/meshed or balled item and ‘wit-
nessed’ (W) if marine life was seen entangled; otherwise the risk was assessed as 
‘unlikely’ (U). The two risk ratings were combined into the following categories: 
UU, UP, PU, PP, LU, LP, LL, LW, WL and WW. Categories PP + (PP, LP, LL, LW, 
WL or WW) were considered to pose a serious threat to marine life (especially 
seals and birds).
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13.5  �Fur Seals

Hofmeyr et al. (2002) recorded 101 fur seals (Arctocephalus spp.) and five southern 
elephant seals (Mirounga leonina) entangled over a period of 10 years on Marion 
Island in the Southern Ocean. These authors describe how 67% of the materials 
causing the entanglement came from the fishing industry. Polypropylene packaging 
straps (associated with the fishery) were the most common material causing entan-
glement, followed by fish trawl netting. These authors also noted longline hooks 
embedded in animals and that fishing line entanglements only started to be seen 
after longline fishing started in 1996 in this area. Hofmeyr et al. (2002) estimated 
that 0.24% of this population of fur seals were entangled each year. Hofmeyr et al. 
(2006), in a further study of Antarctic fur seals (Arctocephalus gazella) between 
1996 and 2002 on Bouvetøya, an Antarctic island, reported entanglement rates from 
0.024 to 0.059% and concluded that these rates were relatively low when compared 
to other pinniped populations because, they suggested, of the isolation of the site. 
This 2006 study found that more than two-thirds of materials causing entanglement 
were from fisheries sources.

Spraker and Lander (2010) estimated the causes of mortality in northern fur 
seals (Callorhinus ursinus) in the Alaskan St. Paul Islands. These authors describe 
combinations of the pathological effects of entanglement, with trauma and asphyxi-
ation being caused by net fragments or packing band loops. In one case a heavily 
entangled living animal was dragging a decomposing seal in the same piece of 
entangling net.

Lawson and co-workers carried out a study on a series of beaches from the islands 
around the coast of Southern Australia, where there is an estimated Australian fur 
seal (Arctocephalus pusillus doriferus) population of about 30,000 animals (Lawson 
et  al. 2015). Between 1997 and 2012, 138 entanglements were reported and the 
entangling debris was collected. In the debris, 50% (n = 69) of the objects were plas-
tic twine or rope, which included trawl nets; 20% (n  =  27) were packing straps, 
plastic bags and balloon strings; 17% (n = 24) were monofilament fishing line (which 
included gill nets); and 8% (n = 11) were rubber litter items. This study also recorded 
the characteristics of the entangling material; its ‘type, colour, mesh size, overall 
mass, number of threads, whether the item was braided, twisted, knotted, if it was 
monofilament, and the number of strands for all entanglement items’. White plastic 
packaging straps were the most common (67%, n = 6) of the packing strap entangle-
ments; 61% (n  =  43) of rope entanglements were with green-coloured material, 
whilst grey- and white-coloured rope accounted for lower percentages of entangling 
material at 10% (n = 7) and 9% (n = 6), respectively. For the monofilament line 
entanglements, most of the monofilament was clear or green in colour (52% and 
26%, respectively). Information on the location, date, age of the seal (pup, juvenile, 
adult) and the type and severity of the injury (whether the wound was cutting deep 
into tissue or was a surface wound) was also compiled. Analysis of this carefully col-
lected data indicated that the majority 94% (n = 46) of entanglements involved pups 
or juvenile seals, with more pups (53%) than juveniles (41%) being entangled.
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McIntosh and others, working at Seal Rocks, South-Eastern Australia, 
reported 359 entangled Australian fur seals and showed that the most common 
entanglement materials were from commercial fisheries and that entanglements 
were most frequent in pups and juveniles (McIntosh et al. 2015). Entanglement 
was most commonly observed from July to October, when the animals approached 
weaning. Using generalized additive mixed models (GAMMs), these authors 
estimated that 1.0% (CI = 0.6–1.7%) of the local population was entangled each 
year.

The loop diameters of entangling materials, which entangled Antarctic fur seals 
from a study at Bird Island, South Georgia, are described by Waluda and Staniland 
(2013). They reported material found entangling 90 animals, with loops from 11 to 
69 cm in diameter (with a median diameter of 18 cm). These authors found that loop 
diameter was closely related to age class. Pups were more commonly entangled in 
small loops (median = 15.5 cm), and juveniles and adult females were entangled in 
loop diameters of about 17 cm (adult females = 17 cm, juveniles = 18 cm). Adult 
males were more likely to be snared in large loops (median = 34 cm). These authors 
report that juveniles were five times more likely to be snared than adult females. 
They propose that younger animals meet entangling material through inquisitive 
play. Adult males were least likely to become entangled, which may be because of 
the shape of their broad muscular necks and also their relatively small numbers 
within the total population and also potentially due to differences in their feeding 
and exploratory behaviours. This report notes also that if entanglement is fatal to a 
juvenile, then individuals prone to entanglement will possibly have been selected 
out of the population. This study also identifies that more ‘very severe’ entangle-
ments occurred in the (Southern) winter, and these authors speculate that this may 
be due to changes in the ability to observe and report entangled animals, rather than 
a true alteration in entanglement rate. During winter, the animals are hauled out 
onto the shoreline and are thus more readily observed. This report also suggested 
that there has been a decline in the number of seals snared in packaging bands at 
Bird Island across the period of the study. In ‘1988/1999—58% of entanglements 
were with packing bands, between 1989 and 1994 this fell to 46%, and between 
1994 and 2013 the proportion was 39%’. These authors suggest that the Commission 
for the Conservation of Antarctic Marine Living Resources (CCAMLR) ban on 
packaging bands, which began in 1995, may have started to have a reducing, but not 
complete eliminating, effect on the rate of packing band entanglements. Other stud-
ies suggest that the rate of entanglement of Antarctic fur seals (Arctocephalus 
gazella) halved over the 5-year period (1990–1994) after the introduction of 
MARPOL Annex V (in 1973, the International Maritime Organization IMO adopted 
the International Convention for the Prevention of Pollution from Ships, now known 
as MARPOL, which has been amended by the Protocols of 1978 and 1997 and kept 
updated with relevant amendments) (IMO 2016); however, polypropylene packing 
straps, synthetic fibre rope and fishing net fragments were still found to be common 
debris items which entangled seals in all the years of this study (Arnould and 
Croxall 1995).
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Page et al. (2004) indicate that, in New Zealand, fur seals are most commonly 
entangled in loops of packing tape and pieces of trawl net originating from the rock 
lobster and trawl fisheries. These authors (Page et al. 2004) published entanglement 
rates for Australian sea lions and New Zealand fur seals in derelict fishing gear and 
in other marine debris. In 2002, the authors calculated that the Australian sea lion 
entanglement rate was 1.3% of the population annually, and the New Zealand Fur 
seal entanglement rate was 0.9%. Australian sea lions were commonly found to be 
entangled in monofilament line or net (rather than any other entangling materials), 
and these fishing materials appeared to be most likely derived from the local shark 
fishery.

On St. Paul Island, in the Alaskan Pribilof Islands, northern fur seal (Callorhinus 
ursinus) entanglement rates were studied by Fowler (1987), and various objects were 
found to entangle these animals around their necks, shoulders and flippers, with an 
estimated incidence rate of about 0.4% annually. The majority of these entangle-
ments were with trawl nett fragments and plastic packing bands. This author noted 
that entanglement was more common in young animals, which were ‘sometimes 
observed entangled together in groups attached to the same large items of debris’.

Shaughnessy (1980) reports entanglement in Cape fur seals (Arctocephalus 
pusillus), in the period 1972–1979. The majority of the entangling objects were 
around the seals’ necks, with the incidence rate recorded at the Cape Cross colony 
of 0.56–0.66% per year. Animals were entangled with ‘string, rope, fishing net, 
plastic straps, monofilament line and rubber O-rings’, with a rate of entanglement 
estimated to be 0.4% annually of the population. These authors estimated 15,000 
seal entanglements to take place each year and that 5700 of these animals would die 
as a result of their entanglement. Zavadil et  al. (2007) reports northern fur seals 
(Callorhinus ursinus) on St. George Island to have an estimated entanglement rate 
of 0.06–0.08% annually for pups and with the maximum entanglement rate occur-
ring in October with up to 0.11% of the population entangled just before weaning.

New Zealand fur seals (Arctocephalus forsteri) in the Kaikoura region of New 
Zealand breed close to a busy tourist and fishing area and become entangled in lost 
net and plastic waste (Boren et al. 2006). Entanglement rates are described in Boren 
et al.’s study as being in the range of 0.6–2.8% annually, with green trawl net pieces 
(42%) and plastic strapping bands (31%) being the most common entangling items. 
These authors also report that, perhaps due to the high density of ‘observers’ in this 
area, nearly half of the entangled seals were caught and released from their entan-
glement (43%) and that post-release monitoring has shown that the likelihood of an 
individual surviving is high, even after a significant entanglement wound.

Hanni and Pyle (2000) describe 914 California sea lions (Zalophus california-
nus), Steller sea lions (Eumetopias jubatus), Pacific harbour seals (Phoca vitulina), 
northern elephant seals (Mirounga angustirostris) and northern fur seals (Callorhinus 
ursinus) reported as entangled at South-east Farallon Island, in North California, 
between 1976 and 1998. The most common entangling materials were monofila-
ment line and net, heavy fishnet, other net, salmon fishing lure and line, fish hooks 
and line, packing straps, other miscellaneous marine debris and ‘constriction’ 
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(where no actual material could be seen, but material was presumed to be present, 
hidden in the fur or in a wound, with a circular indentation or wound present around 
the head, neck or torso).

13.6  �Elephant Seals

Campagna et al. (2007) discuss the impact of entanglement on Southern elephant seals 
(Mirounga leonina) in relation to the characteristics of the wounds around the neck 
caused by monofilament fishing lines. In this study, entangled elephant seals were 
caught, and, where possible, the material was removed. The monofilament line found 
was typically 1.3–1.5 mm thick and was tied into a loop with a knot, presumably by the 
original fisherman. In some animals the entangling line still had lures or hooks attached, 
and the configuration of hooks and lures was typical of that found in gear used for local 
squid fishing. However, they do suggest this to be an underestimate, as observations 
were made at a time of year when juveniles were not present. These authors discuss 
how the monofilament line entanglement becomes a deep chronic wound associated 
with infection and note the severe consequences for the animals affected, and they 
judge, from the depth of the wounds, that entangled seals may have lived for months or 
even years with the monofilament line cutting into the neck tissues.

13.7  �Sea Lions

In Australia, it is estimated that 1500 Australian sea lions (Neophoca cinerea) die 
annually from entanglement, mostly from snaring in monofilament gillnet from the 
shark fishery located where the sea lions forage (Page et al. 2003).

In California, Dau et al. (2009) report 1090 seal entanglements, of which 11.3% 
were related to fishing gear and with a particularly high incidence of fishing gear 
entanglement injury observed in the San Diego region. Zavala-González and Mellink 
(1997) report entanglement in California sea lion (Zalophus californianus) from a 
population which extends from British Columbia to Mazatlan in Mexico, including 
populations from the Gulf of California. The population of sea lions in the Mexican 
part of range area is estimated at 74,467 along the Pacific coast and 28,220 and in 
the Gulf of California, and these authors report annual entanglement rates in this 
region of 2.24% (which could equate to approximately 2300 animals annually).

A survey reported by the National Oceanic and Atmospheric Administration 
(NOAA 2012) indicates that packing bands cause more than 50% of neck entangle-
ment in Steller sea lions (Eumetopias jubatus) in Alaska. A survey of 386 Steller sea 
lions (Eumetopias jubatus) in South-east Alaska and northern British Columbia 
reported an estimated incidence annual rate of entanglement of 0.26% (Raum-
Suryan et  al. 2009). These authors reported that the common materials causing 
entanglement were packing bands (54%), large rubber bands (rubber packing bands) 
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(30%), pieces of net (7%), rope (7%) and monofilament fishing line (2%) (Fig. 13.4). 
This study also looked at the incidence of fishing gear ingestion or entanglement for 
these Steller sea lions and reports that ‘salmon fishery flashers and lures (80%), 
long-line gear (12%), hooks and line (4%), spinners or spoons (2%), and bait hooks 
(2%)’ comprised the major items found. Raum-Suryan et al. also describe a local 
education campaign—‘Lose the Loop!’—which promoted cutting of entangling 
loops of fishing material and elimination of packing bands from local waste to help 
prevent entanglements.

13.8  �Monk Seals

Donohue and Foley (2007) assess the influence of storm weather on monk seal 
entanglement in the North Pacific Ocean. They describe how, for the 23 years lead-
ing up to 2007, monk seal entanglement increased during episodes of severe weather 
associated with El Niño. They propose that ocean current processes linked with El 
Niño may contribute to changes in entanglement potentially because of introduction 
of new marine debris along with the changes in the ocean currents. The Hawaiian 

Fig. 13.4  California sea lion (known as Shammyrock) is seen here with an entanglement on 
March 16, 2014. Image credit: The Marine Mammal Center
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monk seal (Neomonachus schauinslandi) is an endangered species breeding only on 
six small islands and atolls in North-west Hawaii. Between 1996 and 2000, an ini-
tiative in this area aimed to reduce the amount of derelict fishing gear in the reefs 
close to the breeding sites for these seals (Boland and Donohue 2003) and a total of 
195 tonnes of derelict fishing gear was removed from the area. Karamanlidis (2000) 
found that entanglement in abandoned nets was having a measurable effect on the 
population of monk seals (Monachus monachus) in the Mediterranean, and this 
author reported that the use of gillnets posed a significant threat to this endangered 
population of monk seals around the Desertas Islands off Madeira.

13.9  �Grey Seals and Common Seals

Entanglements of grey seals (Halichoerus grypus) on the Dutch coast in the period 
between 1985 and 2010 are described by Hekman and Osinga (2010). They report 
that entanglement was relatively (relative to population size) more commonly 
observed in grey seals than common seals (Phoca vitulina) (about twice as often in 
the grey seal), and that in both species more of the entangled seals were males and 
that entanglement was more likely to occur in juveniles. ALDFG (lost fishing gear) 
was the most common entangling material, and the numbers of grey and common 
seals seen entangled and reported were believed to be only a small portion of the 
number of animals affected because of the animals assumed to be lost and unde-
tected at sea.

Allen et  al. (2012) report the physiological and anatomical effects of debris 
entanglement on grey seals (Halichoerus grypus) in Cornwall, UK, between 2000 
and 2008. They describe how an under-reported aspect of entanglement is the effect 
of increased drag from trailing material and the increased foraging time required to 
feed because of the raised metabolic demands created by the entangling material. 
Allen et al. discussed the animal welfare impact of the entanglement injuries and 
report the types of injuries sustained by the animals to be ‘“constriction” (43%); 
“wound” (7%); “constriction and wound” (14%); “evident” (visible entanglement 
but wound type unclear, 36%)’. Allen et al. (2012) estimated that entangled seals 
form 8.7% of the seals recorded in the Cornish photo identification database (up to 
the end of 2011) and that of 58 seals showing evidence of entanglement in the data-
base, 37 (64%) had visible lesions showing a constriction or an open wound, or both 
(Figs. 13.5, 13.6, 13.7, 13.8, 13.9, 13.10, and 13.11). These authors estimate entan-
glement rates in these seals to have declined from 5% (annually) of sightings in 
2004 to 3% in 2011 and that entanglement had a significant impact on survivorship. 
A report (Sayer et  al. 2015) extending and summarising this dataset obtained 
between 2000 and 2013 (262 animals) reported a mean annual rate of 3.1% of ani-
mals observed to be entangled. In contrast to other studies, most entangled animals 
were adult (62%), with an approximately even split between males and females. 
When visible, the entangling material was identified (n = 92), and all but one was 
fishery related with the majority being monofilament (72%) (Fig. 13.7) or trawl net 
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Fig. 13.5  Adult female grey seal severely injured with constricted open wound, Isles of Scilly. 
Image credit: Rebecca Allen, Cornwall Seal Group Research Trust

Fig. 13.6  Juvenile grey seal in a packing band with which she was observed playing. Image credit: 
Dave McBride, Cornwall Seal Group Research Trust
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Fig. 13.7  (Post-mortem) monofilament lesion in an entangled grey seal. Image credit: Sue Sayer, 
Cornwall Seal Group Research Trust and James Barnett, University of Exeter/Cornwall Wildlife 
Trust Marine Strandings Network

Fig. 13.8  Juvenile grey seal entangled in plastic packing material— later successfully rescued. 
Image credit: Simon Bone, Cornwall Seal Group Research Trust
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Fig. 13.9  Juvenile grey seal being rescued from trawl net by the British Divers Marine Life Rescue 
and the Cornish Seal Sanctuary. Image credit: Sue Sayer, Cornwall Seal Group Research Trust

Fig. 13.10  Adult male grey seal named ‘Railway Arch’ has lived with a partly healed entangle-
ment wound for 13 years. Image credit: Sue Sayer, Cornwall Seal Group Research Trust

13  The Welfare Impact on Pinnipeds of Marine Debris and Fisheries



234

(11%) (Figs. 13.1 and 13.9). Entanglements were observed around the neck (89%), 
body (2%), head (1%), mouth (2%), flipper (1%) and across multiple parts of the 
body (5%). The length of the trailing material and the presence of deeply constricted 
wounds were both significantly linked to reduced survivorship. Almost twice as 
many non-entangled seals survived over 10 years compared to those with deep 
constrictions. Rescues have routinely been performed successfully (n = 30) in this 
area in conjunction with the British Divers Marine Life Rescue and the Cornish Seal 
Sanctuary (Figs. 13.1 and 13.9). Post rescue photo identification of rescued, reha-
bilitated and released disentangled animals shows at the time of writing they can 
survive for long periods (up to 7 years is recorded by Sayer et al. 2015).

13.10  �Conclusions

Pinnipeds are visible barometers of the spectrum of marine animals which can 
become snared, entangled, trapped or caught in marine debris. Seals are more visible 
than many marine animals because of their partial terrestrial habit. Marine plastic in 
the form of net, rope, monofilament line and packing bands can cause entanglement 
in a wide range of pinniped species, sometimes with severe consequences. There is 

Fig. 13.11  Galapagos fur seal (Arctocephalus galapagoensis) with neck entanglement. Image 
credit: Juan Pablo Muñoz
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the potential for severe acute welfare impacts on the individual animals through 
starvation and highly restrictive entanglement and some animals live for months or 
years (up to 16 years in one study of grey seals) with chronic deep incised wounds 
from net, packing band or monofilament line/net looped entanglement. Entanglement 
lesions can become chronic wounds, with deep infection that have debilitating con-
sequences for the individual animal and leading to premature death in others.

Plastic is a ‘new’ challenge to these animals, man-made and entering the ocean 
in large quantities during the last century, and with an apparent dramatic rise in 
quantity, spread and effect particularly in the last 20 years. Plastic is probably very 
long lived in the sea (we don’t yet know how long in practice), and there are plastic 
objects floating in the sea which have travelled thousands of kilometres. The effects 
of marine debris are not just aesthetic; marine debris has the potential to cause sig-
nificant, widespread and ‘hidden and unreported’ animal suffering, through wound-
ing, constriction, amputation, drag, infection, compromised feeding and ingestion. 
The pinniped species most likely to be affected by entanglement are fur seals, monk 
seals, California sea lions, grey seals, common seals and monk seals. Entanglement 
rates described in the literature range up to 7.9% of local populations annually (see 

Table 13.1  Summary tabulation of reported entanglement rates for the pinniped species found in 
different ocean regions—the rate of entanglement (estimated % of population annually), the net, 
plastic and fishing line (% of reported entanglement cases for each category respectively) and the 
published source of the data

Ocean 
region Species/subspecies

Rate of 
entanglement 
(%) Net Plastic

Fishing 
line Published source

North-east 
Pacific

Steller sea lion 0.26 7 54 2 Raum-Suryan 
et al. (2009)

Northern fur seal 0.4 65 19 Fowler (1987)
Northern fur seal 0.08–0.35 39 37 9 Allen and 

Angliss (2014)
Eastern 
Central 
Pacific

Californian sea lion 0.08–0.22 19 25 14 Stewart and 
Yochem (1987)

Californian sea lion 3.9–7.9 50 33 Harcourt et al. 
(1994)

Northern elephant 0.15 19 36 33 Stewart and 
Yochem (1987)

Harbour seal 0.09 33 Stewart and 
Yochem (1987)

Northern fur seal 0.24 50 Stewart and 
Yochem (1987)

Steller sea lion 4 4 Hanni and Pyle 
(2000)

Central 
Pacific

Hawaiian monk seal 0.7 32 8 28 Henderson 
(2001)

South-west 
Pacific

Kaikoura fur seal 
South

0.6–2.8 42 31 Boren et al. 
(2006)

(continued)
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Table 13.1)—with packing bands; fragments of lost net, rope, monofilament line 
and net; fishery flashers and lures; longline fishing gear, hooks and line; and bait 
hooks as the common and recurrent entangling materials in a number of seal and sea 
lion species.

The spread of plastic material in the ocean leaves seals entangled and, through 
entanglement and injury, sometimes results in their death through acute or chronic 
lesions, and this is a welfare concern. Entanglement results from human activity 
which was not anticipated or directly intentional, but which nonetheless is having a 
significant effect on animal welfare.
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Chapter 14
Loss of Habitat: Impacts on Pinnipeds 
and Their Welfare

Sheryl Fink

Abstract  Pinnipeds around the world have been affected by habitat loss as a result 
of climate change and anthropomorphic activity, such as marine and coastal devel-
opment. In addition to the physical reduction of available habitat, pinnipeds are 
impacted by secondary effects of habitat loss, such as disease and changes in prey 
availability. The impacts of global climate change are thought to be the most wide 
reaching, with changes in the availability and stability of sea and pack ice habitat 
expected to be most significant for at least 11 ice-associated species. Potential 
impacts on pinniped welfare occur as a result of changes in distribution and migra-
tion patterns, increased pup mortality, reduced foraging success, and decrease in 
body condition. Reductions in survival due to increased storm activity, increased 
exposure to disease and parasites, and human development have also been observed.

14.1  �Introduction

While overexploitation is considered to have been the most important factor affect-
ing the abundance and welfare of marine mammals historically, habitat destruction 
and fragmentation have become increasingly important threats to pinnipeds around 
the world.

Being relatively large and highly mobile marine species, pinnipeds are often 
thought to be less affected by habitat loss than many terrestrial animals. However, 
most have specific habitat needs for breeding or feeding. Identifying and quantify-
ing habitat loss is challenging in marine environments, and understanding the 
impact on individual welfare is complex. Regardless, it seems clear that diminishing 
and deteriorating habitat are having a negative impact on the welfare and abundance 
of many pinniped species (Kovacs et al. 2011).
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Of growing concern is the impact of climate change, which is resulting in a direct 
loss of ice habitat for many ice-associated pinniped species but may increase the 
availability of land-based habitats for others. Loss of ice and warming ocean tem-
peratures occurring as a result of climate change will alter marine food webs, which 
will affect the distribution and availability of prey and result in changes to seals’ 
foraging habitat and success. Ocean acidification, a result of increased carbon diox-
ide in the atmosphere, may also impact ice-associated seal survival and recruitment 
through disruption of food webs dependent on calcifying organisms (Kovacs et al. 
2012). Rising sea levels are expected to result in reductions in available shoreline 
habitat for some pinniped species.

Other indirect impacts of climate change include induced habitat loss (Cooper 
et al. 2006), which will have a negative effect on pinniped welfare, increased disease 
and parasite risk (Karamanlidis et  al. 2016), and increased impacts from human 
traffic and development in previously inaccessible areas (Skeate et al. 2012).

Apart from climate change, habitat loss continues to occur as a direct result of 
human activity, primarily coastal and marine development. Mineral, oil, and gas 
extraction, renewable energy development (Davis 2010; Tougaard et al. 2009), and 
practices such as aquaculture (Kemper et al. 2003) and the repeated use of mobile 
fishing gear have the potential to destroy or degrade areas of critical habitat (Skeate 
et al. 2012). Pinniped welfare may be compromised, and survival and reproductive 
rates may fall as a result of increased risk of entanglement in fishing gear (please see 
Chap. 13 this volume), exposure to chemicals that reduce immune system function 
or reproduction, and exposure to new pathogens or noise pollution (Harwood 2001). 
Even disturbance from tourism may pose a risk to seal welfare by forcing them to 
abandon preferred breeding or resting habitats (Johnson and Lavigne 1999b).

While it would be difficult to cover all sources and examples of pinniped habitat 
loss in this chapter, we address a few of the better known examples and species. 
Although little has been published on the welfare impacts of habitat loss, it is assumed 
that changes resulting in increased mortality, reduced pup survival, and decreased 
body condition will have negative welfare impacts for individual animals.

14.2  �Climate-Driven Losses of Habitat

Global climate change is the most pervasive threat to pinnipeds worldwide, and cli-
mate-driven habitat losses are the most wide reaching in impact. The consequences of 
climate change on marine mammals have been increasingly documented in recent 
decades, with direct loss of sea ice habitat recognized as a prominent threat to Arctic 
marine mammals (Ragen et al. 2008, Tynan and DeMaster 1997; Simmonds and Isaac 
2007, Laidre et al. 2008, 2015, Moore and Huntington 2008, Kovacs et al. 2011, 2012).

It is well documented that the earth’s atmosphere is warming, causing regional 
adjustments in temperature, wind, ocean circulation, precipitation, ice cover and 
sea level, and pH balance, which are amplified in the polar regions (IPCC 2013). 
The extent of Arctic sea ice is now more than two million square kilometres less 
than it was in the late twentieth century (Kinnard et al. 2011). The declines in Arctic 
sea ice extent and thickness resulting from these changes are expected to continue 
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into the future at increasing rates (IPCC 2007, 2013), with predictions suggesting 
that we are rapidly moving toward a seasonally ice-free Arctic (Overland and Wang 
2013). Climate change is also affecting Antarctic habitat and ecosystems, although 
patterns have been very different in various sectors, with some areas experiencing 
increases in ice extent while others exhibiting a decrease. Central West Antarctica 
is one of the most rapidly warming regions on earth (Bromwich et al. 2013).

Sea ice habitats are unique in that they are spatially extensive, have few surface 
predators, and are virtually free of disease vectors (Kovacs et al. 2011). For ice-associated 
pinnipeds, ice acts as a physical platform, a marine ecosystem foundation, and a barrier 
to non-ice-adapted marine mammals and human commercial activities. Sea ice (and its 
loss) is an important factor in marine ecological dynamics, influencing productivity, 
species interactions, population mixing, gene flow, and pathogen and disease transmis-
sion (Post et al. 2013). The direct loss and deterioration of sea ice is the most obvious 
and immediate threat to ice-associated pinnipeds, particularly those in the Arctic.

14.3  �Impacts of Climate Change-Induced Habitat Loss 
on Pinnipeds

Both Arctic and Antarctic seal species have evolved traits that depend on the larger-
scale predictability of pack ice development, movements, persistence, and extent. 
Although accustomed to interannual fluctuations in ice and prey availability, ice-
associated pinnipeds are vulnerable to a fast-changing environment and ill equipped 
to respond quickly to permanent or complete habitat loss as a result of climate 
change (Laidre et al. 2008; Moore and Huntington 2008).

Climate-driven habitat loss is expected to be most significant for ice-breeding 
pinniped species that require long periods of stable ice late in the spring season and 
specialist feeders who rely on prey species that are sensitive to changes in ice.

In the Arctic, seven pinniped species are considered ice associated, relying on ice 
to at least some extent for survival: ringed (Pusa hispida), bearded (Erignathus 
barbatus), spotted (Phoca largha), ribbon (Histriophoca fasciata), harp (Pagophilus 
groenlandicus) and hooded seals (Cystophora cristata), and walrus (Odobenus ros-
marus). Of these, the walrus, ringed seal, and bearded seal are considered to be ice 
dependent and restricted to spatial and temporal domains influenced by sea ice.

In the Antarctic, four species of seal are closely tied to the presence of pack ice 
and require certain sea ice characteristics to complete their life cycle: the crabeater 
seal (Lobodon carcinophagus), Weddell seal (Leptonychotes weddellii), leopard 
seal (Hydrurga leptonyx), and Ross’s seal (Ommatophoca rossii). These species 
rely on sea ice for critical portions of their life history and have demonstrated sen-
sitivity to small changes in the sea ice environment. Climate change-driven impacts 
on prey distribution may also impact the ice-tolerant Antarctic fur seal (Arctocephalus 
gazella) and southern elephant seal (Mirounga leonina L.) (Siniff et al. 2008), who 
winter and forage in open water and marginal ice zones but reproduce on land.

Many pinniped species have already been affected by reductions in the geo-
graphic extent, seasonal duration, and stability of sea and pack ice (Siniff et  al. 
2008; Kovacs et al. 2011), and these impacts are expected to intensify. Changes in 
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ice directly reduce the habitat available for seals that give birth and molt on sea ice, 
hide from predators or seek protection from inclement weather within ice fields, or 
eat ice-associated fish and other prey (Kovacs et al. 2011). This loss of available 
habitat can be expected to affect welfare through negative impacts on foraging suc-
cess, breeding success, body condition, and mortality rates (Moore and Huntington 
2008; Kovacs et al. 2011). Some of the impacts of ice habitat loss on pinnipeds that 
are likely to have welfare considerations include changes in distribution and migra-
tion patterns, increased pup mortality, decreased foraging success resulting from 
greater distances to food or changes to food webs, increased use of land-based 
haulouts, increased exposure to disease and contaminants, and increased exposure 
to human development and traffic (Tynan and Demaster 1997; Kovacs et al. 2011).

14.4  �Changes in Distribution, Migration, and Abundance

Changes in the distribution and migration routes of some pinniped species are 
already occurring and are expected to continue, and this will ultimately alter popu-
lation structure and genetic exchange rates. Ice habitat loss means many pinniped 
species will experience compression of their range concurrent with a loss of suitable 
breeding or foraging habitat, potentially resulting in population reductions. At the 
same time, subarctic and temperate pinniped species are likely to exhibit northward 
expansions of their ranges, which may place competitive pressure on endemic arctic 
species, further reducing their available habitat and putting them at greater risk of 
predation, disease, and parasite infections (Kovacs et al. 2011).

The manner and degree to which pinnipeds may adapt their behaviour, or relo-
cate their breeding areas, in response to changing ice conditions, is still highly 
uncertain. Some species may be able to adapt; however species which are fixed in 
their traditional spatial and temporal cycles, and unable to shift, may be threatened 
with extirpation (removal or uprooting from a locality) or extinction (Kovacs et al. 
2011). Major declines in abundance or pup production have already been docu-
mented for hooded seals in the Northeast Atlantic harp seals in the White Sea and 
ringed seals in Hudson Bay, which have largely been attributed to climate change 
impacts on ice conditions (Kovacs et al. 2012).

14.5  �Increased Pup Mortality

In the complete absence of ice, female harps seals may move to find suitable ice 
outside of their historical pupping areas. However, if ice is present, females will 
give birth on ice insufficiently thick to persist throughout the nursing period, result-
ing in high levels of pup mortality (Stenson and Hammill 2014). There is no evi-
dence that harp seal females have successfully adapted to give birth on land. In 2010 
and 2011, poor ice conditions in the Gulf of St. Lawrence, Canada, resulted in 
mother harp seals giving birth on small, loose ice pans (Figs. 14.1 and 14.2), many 
barely able to hold the mother’s weight. Pup mortality was extremely high, with 
large numbers of pups assumed to have drowned.
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Fig. 14.1  Harp seal mother and pup in the Gulf of St. Lawrence, Canada, 2010. Image credit: 
Sheryl Fink

Fig. 14.2  A harp seal pup clings to a fragile pan of sea ice on March 25, 2006, in the midst of the 
annual commercial seal hunt. Image credit: HSI/Frank Loftus
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Examination of dead and abandoned pups found on shore has demonstrated that 
causes of death included starvation, trauma from crushing by ice pans, pneumonia, 
and other infections that have not been observed among pups born on pack ice 
(Stenson and Hammill 2014). Predation by coyotes and eagles was also reported, 
species not present on pack ice. The type and extent of ice cover has also been found 
to be negatively correlated with the incidence of yearling harp seal strandings in the 
Northwest Atlantic (Soulen et al. 2013).

The ringed seal also depends almost exclusively on sea ice as a breeding habi-
tat and haul-out platform. Ringed seals construct snow dens or subnivean lairs 
over breathing holes maintained in the ice, which are used for resting, and for 
females to give birth in the early spring. Both stable ice and sufficient snow to 
cover the lairs must be maintained long enough in the spring season to success-
fully complete the six-week period of nursing (Kovacs et al. 2011), in order to 
provide protection from predators and freezing. Spring rains or warm tempera-
tures may cause the roofs of lairs to collapse, pushing pups out of the shelters and 
exposing them to predators such as polar bears, arctic fox, and ravens or gulls 
before they are able to survive in the open. In areas of less stable ice, pups tend to 
be smaller and may suffer higher mortality due to early separation from their 
mothers or an increased need to expend energy on thermoregulation. Ringed seals 
in some areas are already showing relatively long-term declines in reproductive 
rates and pup survival. With the disappearance of sea ice, many species such as 
walrus may be forced to rely on land-based haulouts. Terrestrial haul-out sites 
alone will not support the same number of walruses that the mixed seasonal use 
of sea ice and land has permitted in the past, and increasingly crowded conditions 
are likely to increase mortality among younger animals due to normal herd behav-
iours such as threat displays, fighting among bulls, manoeuvring for preferred 
positions within a herd, and general agonistic behaviour (Fay 1982; Jay et  al. 
2012; Kovacs et al. 2012).

Walruses on terrestrial haulouts are also at increased risk from polar bears, 
aircraft, boats, tourists/recreationists, hunters, feral dogs, etc. When threatened 
or disturbed, walrus stampede to the ocean which can lead to trampling and death 
of hundreds to thousands of animals each year, particularly young animals  
(Jay et al. 2011).

14.6  �Nutritional Stress Due to Changes in Prey 
and Prey Availability

Decreases in prey abundance caused by a reduction of ice may impact pinnipeds’ 
foraging success, body condition, reproductive rate, and pup survival. Availability 
of prey may also be reduced where reductions in ice habitat force pinniped species 
(e.g., bearded seal, walrus) to seek haul-out or whelping sites that provide poorer 
access to food. In the Antarctic, declines in ice extent have been correlated to 
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reductions in krill, squid, and fish, which have been linked to decreased pup survival 
for southern elephant seals and crabeater seals (McMahon and Burton 2005). 
Conversely, increases in sea ice are thought to be related to reductions in phyto-
plankton blooms, which affect fish availability and lead to decreased foraging suc-
cess for pregnant Weddell seal females (Siniff et al. 2008).

Reductions in sea ice have also been associated with declines in the clam popula-
tions that are critical prey for Pacific walruses, and the overall impact of less exten-
sive seasonal ice coverage is expected to have a long-term negative impact on food 
resources of both walrus subspecies (Kovacs et  al. 2015). Increased use of land 
haulouts, particularly by mothers and calves, could result in increased distances to 
food and greater energy expenditures from foraging trips and reduced access to 
preferred feeding grounds (Jay et al. 2011; Kovacs et al. 2011). Abandoned calves 
of Pacific walrus have been reported at sea, suggesting that females with dependent 
young may be experiencing nutritional stress with the retreat of their usual sea-ice 
resting platform separating them from feeding areas (Cooper et al. 2006).

14.7  �Rising Sea Levels and Storms

Rising sea levels can mean a loss of habitat for seals and sea lions that rely on low-
lying coastal areas for rest, moulting, giving birth, and pup rearing. Rising sea levels 
may submerge some of the low atolls, beaches, and small caves currently being used 
for giving birth by Mediterranean monk seals (Monachus monachus), and an evalu-
ation of potential effects on the endangered Hawaiian monk seal (Monachus 
schauinslandi) in the Northwestern Hawaiian Islands found that maximum pro-
jected habitat loss ranged from 65–75% under modelled levels of sea level rise, 
which could increase extinction risk for these small isolated populations (Kovacs 
et al. 2012).

Increased storm activity associated with climate change is also likely to increase 
the risk of pinniped pups being separated from their mothers in beaches or caves and 
swept to sea and increase mortality of pups born on ice through trauma and 
crushing.

14.8  �Disease and Contaminants

Although the causes are often difficult to pinpoint, pinniped mortality events have 
been linked to habitat degradation resulting from both climate change and coastal 
development. Individuals that are stressed or weakened are more susceptible to 
pathogens such as microparasites and morbilliviruses. Phycotoxins associated with 
algal blooms were linked to the mass die-offs of Mediterranean monk seals that 
occurred in the mid-1990s (Hernández et al. 1998).
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14.9  �Increased Human Development and Traffic

It is expected that the opening of previously inaccessible ice-covered areas will 
present increased threats from shipping and development (including oil and gas 
extraction) and spread from other oceanic areas of disease, parasite, and contami-
nant risks (e.g., Tynan and Demaster 1997, Ragen et al., 2008, Kovacs et al. 2011, 
Kovacs et al. 2012).

14.10  �Habitat Loss Through Coastal and Marine 
Development

Pinnipeds, particularly those which haul out and give birth on land rather than ice, 
are also vulnerable to habitat loss by more ‘traditional’ causes of habitat loss: human 
activities such as coastal and marine development. About 44% of the world’s popu-
lation lives within 150 km of the coast (UN Atlas of Oceans 2016). As human popu-
lation increases in coastal areas, pinniped species will feel the impacts of habitat 
loss, fragmentation, and change. Even if habitat is not completely lost, human dis-
turbance can have a negative impact on resting and breeding behaviour if not prop-
erly managed.

Boating and shipping can impact marine mammals through direct boat strike 
injury and mortality, disturbance, and habitat destruction. While injury and mortal-
ity may appear to pose the greatest threats to welfare, behavioural changes associ-
ated with boat disturbance may affect energy budgets and general health and the 
well-being of individuals. Other pinniped species may be attracted to sounds of 
certain types of vessels or fishing activity, which can lead to boat impacts, entangle-
ment, and death (Marsh et al. 2003).

14.11  �Coastal Development

Coastal development has resulted in the reduction of suitable breeding habitat for a 
number of pinniped species, the most well known of which may be the Mediterranean 
monk seal (Phoca monacus) – currently the most endangered seal species (Aguilar 
1999; Karamanlidis et al. 2016). Human persecution and disturbance has driven the 
Mediterranean monk seal into increasingly marginal habitat over centuries, with 
dramatic declines in both abundance and geographical range as a result of habitat 
deterioration, and with negative impacts on the welfare and conservation of the spe-
cies (Johnson and Lavigne 1999a; Harwood et al. 1996, Karamanlidis et al. 2016).

Historically thought to haul out in colonies on open beaches and rocks that 
offered habitat to relatively large colonies of seals, Mediterranean monk seals have 
been displaced by centuries of development and human activity into progressively 
smaller and inaccessible marine caves to give birth and rear their pups (Johnson and 
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Lavigne 1999a). As space for colony and family group formation has disappeared, 
individual mothers with pups became the norm, forcing reduced gregarious behav-
iour, limited social interactions, and probably reduced mating and breeding success. 
Disturbance from construction and tourism may also force females to abandon their 
pups before weaning, resulting in death by starvation. Storm surges entering the 
caves can separate newborns from their mothers and sweep pups to their death when 
they drown or die from starvation (Gazo et  al. 1999, 2000; Karamanlidis et  al. 
2016). In parts of the Eastern Mediterranean, seals have been discovered inhabiting 
caves that are little more than water-filled crevices with no internal beach or haul-out 
area, forcing animals to rest and sleep while floating in the water. It is unlikely that 
caves of this type can meet the essential biological or welfare needs of the species 
(Johnson and Lavigne 1999b).

14.12  �Energy Exploration and Development

Anthropogenic pulsed sounds from activities such as seismic surveys, sonar, explo-
sives, or pile driving are common in the marine environment and likely to increase, 
raising concerns about potential impacts on marine mammals. Ocean energy explo-
ration and power generation presents a wide range of potential welfare concerns for 
pinnipeds. These include direct disturbance from increased human and vessel activ-
ity, changes in foraging conditions (which may be positive or negative), pollution, 
and the presence of noise which can cause direct physical auditory damage and 
affect patterns of distribution and abundance through behavioral responses 
(Tougaard et al. 2009; Skeate et al. 2012; Hastie et al. 2016).

Even renewable energy development may pose welfare threats. Many sites for 
wind farms are located on offshore sandbanks, which overlap with important pin-
niped habitats (Hastie et al. 2016). The extreme noise generated from pile-driving 
turbine bases may lead to the displacement of species such as harbour seals and 
increased competition with other species such as grey seals, which may be more 
tolerant of this activity (Skeate et  al. 2012). There are concerns that the low-
frequency anthropogenic noise emitted during the construction and maintenance 
processes of energy development may mask low-frequency underwater pinniped 
acoustic signals used for social communication, foraging, navigation, and mating. 
Potential collision and entanglement in mooring cables associated with wave energy 
or wind-float parks may also pose a welfare concern (Davis 2010).

14.13  �Aquaculture

Marine aquaculture is the fastest growing world food industry and is rapidly occu-
pying pinniped habitat in coastal and estuarine waters. Habitat degradation is caused 
not only by the loss of physical space but by the noise created by constant vessel 
traffic, the potential for local pollution, operational maintenance, and harvesting. 
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These impacts on pinnipeds are less studied (Wursig and Gailey 2003). Shooting, 
acoustic harassment devices, underwater explosives, exclusion nets, electric fenc-
ing, chasing, bright lights, and trapping and relocation are frequently used to deter 
pinnipeds from aquaculture sites and mitigate damage to equipment. Death and 
injury due to entanglement in antipredator nets is often reported (Kemper et  al. 
2003). Impacts of operational interactions with pinnipeds (with their associated 
welfare concerns of mortality and injury) have been well studied, but the effects of 
aquaculture on behaviour, range, demography, and ecology are far less explored.

14.14  �Conclusions

Although it is clear that many pinniped species are being affected by various forms 
of habitat loss, little direct information on the welfare impacts of this loss currently 
exists. Habitat loss may have impacts on pup mortality, foraging success, reproduc-
tive success, and health, all of which will almost certainly affect the welfare of 
individual animals. There are numerous reported studies which examine the effects 
of climate change and human development on pinnipeds and their environments, 
but there is still great uncertainty in predicting future impacts and how species 
might adapt to these changes.
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Chapter 15
Welfare Aspects of Commercial Hunting 
and Climate Change

Rebecca Aldworth

Abstract  The ice-breeding seals that are the focus of the largest commercial kills 
of marine mammals on earth also face another human-caused welfare threat: cli-
mate change. The sea ice habitat that some pinniped populations rely on is melting 
at an alarming rate, causing increased mortality and associated poor welfare out-
comes. At the same time, the lack of sea ice is changing the working environment of 
commercial sealers, exacerbating existing welfare problems and making it even 
more difficult, and at times impossible, to apply humane killing methods.

15.1  �Introduction

Pinnipeds can experience some of the most severe direct impacts of human activity. 
Multiple species of seals have been, and continue to be, the targets of large-scale com-
mercial hunts that have led to significant population declines as well as poor welfare 
outcomes (EFSA 2007; WTO 2013). Moreover, the ice-breeding seals that are the 
targets of large-scale commercial seal hunts are affected by climate change, which is 
fast destroying the seals’ sea ice habitat and causing increased mortality by drowning 
and starvation. While these outcomes are discussed in detail by Fink (this volume), 
changes in sea ice conditions are also altering commercial sealing (Fig. 15.1) in 
ways that increase the risks of poor welfare which will be discussed later in 
Sects. 15.3, 15.3.1 and 15.3.2 in this chapter.
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15.2  �What is a “Good Death?”

The word “euthanasia” is derived from the Greek terms “eu” (good) and “thanatos” 
(death). According to the American Veterinary Medical Association (Leary et  al. 
2013), “euthanasia” is generally used to describe ending the life of an individual 
animal in a way that minimizes or eliminates pain and distress. In other words, a 
“good death” can be equated to the humane ending of an animal’s life.

Veterinary authorities around the world have contemplated the welfare implica-
tions of various methods of killing animals. Generally there is agreement that a 
“good death” involves the following processes:

•	 Stunning, using a humane stunning method, without causing unnecessary pain, 
fear or distress. There should be no need to repeat application of the stunning 
method, except in rare cases of mis-stunning. In these cases of mis-stunning, the 
kill is not considered to be humane.

•	 Monitoring to confirm unconsciousness immediately following stunning, using a 
series of indicators to confirm unconsciousness. Indicators of consciousness 
include corneal reflexes, righting reflexes, coordinated movements and rhythmic 
breathing.

•	 Killing, using an accepted method (such as bleeding), to be carried out without 
delay so that recovery of consciousness does not occur before death. The operator 
should be able to inspect and access the animal at all times during the bleeding 
process.

Fig. 15.1  A harp seal in the Gulf of St. Lawrence, Canada, watches approaching sealing boats at 
the commercial seal hunt. Image credit: HSI/Kathy Milani
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15.3  �Commercial Sealing and Humane Slaughter

Canada’s commercial seal hunt is the largest commercial slaughter of marine mam-
mals in the world. Over the past two centuries, harp seals have been the primary 
targets of commercial sealers and, in that time, more than 50 million seals have been 
killed in Canada, with “allowable kills” of more than 350,000 in some recent years 
(DFO 2012).

Given its scale, it is unsurprising that the Canadian commercial seal hunt has 
been the subject of veterinary scrutiny for half a century. Recent reports on com-
mercial sealing have consistently identified challenges to humane killing at the hunt 
and have made recommendations to reduce suffering (Burdon et  al. 2001; 
Butterworth et al. 2007; Butterworth and Richardson 2013; Daoust and Caraguel 
2012). Yet, despite resulting regulatory changes, there is evidence that poor welfare 
outcomes persist in commercial seal hunts (Butterworth and Richardson 2013). In 
response to animal welfare and conservation concerns, more than 35 countries have 
prohibited trade in products of commercial seal hunts, leading to a reduction in 
scale of commercial sealing. But while the number of seals killed has decreased and 
thus the overall welfare impacts of the commercial seal hunt have been diminished, 
there remain serious concerns with commercial sealing methods and their impacts 
on seals (Johnston et al. 2012; Butterworth and Richardson 2013).

In 2013, the World Trade Organization ruled on a challenge of the European 
Union prohibition on seal product trade by Canada and Norway. The panel, which 
evaluated considerable evidence submitted by all parties, stated in its reports 
(WTO 2013):

…the circumstances and conditions of seal hunts present certain specific challenges to the 
humane killing of seals. Such challenges result in a risk in any given seal hunt that the tar-
geted animals may suffer poor animal welfare outcomes of varying intensity and duration. 
Specifically, there are characteristics of the physical environment of seal hunting that affect 
the way seals are stunned and that can impact the degree of effectiveness of stunning 
attempts. We have also noted that attempts to strike or shoot a targeted seal more than once 
may not ameliorate the risks of ineffective stunning. Combined with the difficulties of 
assessing the consciousness of seals, seal hunting can present delays in carrying out the 
killing process and may pose specific animal welfare problems for seals that are struck and 
lost as well as for seals that are gaffed and hauled onto a sealing vessel while conscious. The 
challenge of reconciling the requirements of humane killing with the practical risks and 
difficulties of seal hunting, together with the potentially large territory of the hunt, poses an 
obstacle to monitoring and enforcement of the application of humane killing methods. Our 
assessment of the evidence taken together indicates that these risks to seal welfare are pres-
ent in seal hunts in general.

The Canadian Marine Mammal Regulations permit two methods of stunning 
seals: clubbing (with a wooden bat or “hakapik”) (Figs.  15.2, 15.3, 15.4) and 
shooting (with a shotgun or rifle) (Fig. 15.5). While it is possible that seals can be 
killed during the stunning process, the Regulations require that death be ensured via 
exsanguination (bleeding). The Marine Mammal Regulations do require the general 
steps involved in humane slaughter: stunning (by clubbing and shooting), monitor-
ing (through observing for directed movement and/or skull palpation) and bleeding. 
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Fig. 15.2  A sealer clubs a seal that has been shot, impaled on a gaff and dragged onto the deck 
of the vessel on April 21, 2015. With diminishing ice conditions, this sequence during killing is 
very common as sealers are less able to disembark onto the ice. Image credit: HSI/Michael 
Bernard

Fig. 15.3  A sealer clubs a grey seal in the Canadian commercial seal hunt on February 23, 2011. 
Image credit: HSI/Rebecca Aldworth
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Fig. 15.4  A sealer clubs a harp seal off Canada’s East Coast on March 25, 2009. Image credit: 
HSI /Jason Sanchez

Fig. 15.5  A sealer aims his rifle at a seal during the commercial seal hunt in April 2011. Image 
credit: HSI/Michael Bernard
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Yet, unlike the requirements in most recognized humane slaughter guidelines, it is 
not mandatory that these steps occur without delay, or prior to gaffing, dragging and 
moving the seal.

According to the WTO (2013):

…we observe that delay between steps in the killing method can lead to prolonged suffering 
in seals and enhance the magnitude of poor welfare outcomes…Regarding actual delays in 
the killing process in seal hunts, evidence indicates that delays between steps in the killing 
process are an occurrence in seal hunts and that such delays can be attributable to pervasive 
characteristics of the hunts, including the physical conditions and the instruments used.

There is a good reason that Canada’s sealing regulations do not actually pre-
scribe a true humane slaughter process. The distance of vessels from the seals when 
they are shot, paired with the inability of sealers to work safely on the sea ice in 
many cases, makes application of humane slaughter steps in immediate succession 
a practical impossibility.

It is for this reason that many veterinary panels have sought to improve humane 
practice at the commercial seal hunt, while admitting that a low standard of welfare 
is unavoidable in commercial sealing. For example, Smith (2005), representing a 
panel of veterinarians who worked closely with the Canadian government on mak-
ing improvements to the marine mammal regulations, stated:

The Group recognizes that part of contributing to improved animal welfare and reduced 
suffering is to produce recommendations that are realistic in the context of the hunt, so that 
sealers will accept and implement them. There needs to be a realistic balance between ideal 
procedure and methodology, and what is practical and achievable.

As an example of this, Smith (2005) noted that while some members of the panel 
felt that bleeding should be a requirement of the Marine Mammal Regulations, oth-
ers felt that “worker safety and the difficulties presented by the natural environment 
in which the hunt takes place were considerations that could make such a regulation 
difficult to apply, specifically in relation to hooking a seal.” As a result, the report 
provided the following recommendation:

Unless there is concern with sealer safety or possible loss of the seal, bleeding should take 
place immediately after checking and prior to hooking or skinning the animal.

Thus, Smith (2005) acknowledges that the welfare of seals can be secondary 
to safety and other concerns in commercial sealing. According to the American 
Veterinary Medical Association’s Guidelines for the Euthanasia of Animals 
(Leary et al. 2013), “Selecting a method of euthanasia for free-ranging marine 
mammals can be a substantial challenge. Currently available euthanasia methods 
generally have significant limitations….” The Guidelines recognize “an inherent 
lack of control over free-ranging wildlife” and acknowledge that, “the quickest 
and most humane means of terminating the life of free-ranging wildlife in a given 
situation may not always meet all criteria established for euthanasia.” In other 
words, the most humane way of killing free-ranging wildlife may not actually 
approach the standards that would be anticipated or expected for euthanasia in 
other species.
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It appears that neither stunning/killing method for seals in Canada and Norway 
(clubbing and shooting) would be considered acceptable for general use in other 
commercial slaughter operations. Yet after decades of research, clubbing and shoot-
ing remain the only practical methods in commercial sealing.

15.3.1  �Clubbing

Clubbing is a physical act, and the clubber must strike every blow with precision to ensure 
humane clubbing. It is probably impossible to invariably achieve this precision, given the 
cold and slippery conditions on the ice, the long hours, the pressure to work fast, and the 
possibility of a moving target.

–Royal Commission on Seals and the Sealing Industry

Leary et al. (2013) state that manually applied blunt force trauma to the head 
(clubbing) is “generally unacceptable for most species excluding piglets and small 
laboratory animals” and recommends to “replace, as much as possible, manually 
applied blunt force trauma to the head with alternate methods.” The Council of the 
European Union states that stunning by a percussive blow shall not be used as a 
routine stunning method, but “only when there are no other methods available for 
stunning.” In cases when stunning by manual percussive blow is necessary, the 
Regulation states that it should only be used for animals, including fur animals, up 
to 5 kg in weight.

Poor welfare outcomes associated with the widespread use of clubbing in com-
mercial sealing have been reported for many years. Platt (1970) observed clubbing 
of seals and found that when seals were alarmed by the approach of a seal hunter, 
two distinct and completely separate reactions would result. The seal would either:

	(1)	 Attempt to escape but after a short distance would stop and raise its neck and 
head into an almost vertical position.

	(2)	 Freeze (play possum) with head withdrawn and protected by a large, loose fold 
of blubber that enveloped all but the anterior part of the face. The caudal limbs 
would be in a state of tension and crossed to protect the genitals.

In these cases, “examination of skull damage after skinning, invariably revealed 
damage entirely confined to the facial bones, or to the anterior aspect of the cranial 
bones, i.e. in the case of (1) destruction of the incisive or nasal bones and in (2) the 
upper aspect of the orbital cavities.”

Platt’s findings have been echoed in a number of other reports, which also showed 
a consistent lack of cranial injury during examinations of the skulls of seals clubbed 
by Canadian seal hunters (Hughes 1966, 1981; Simpson 1966; Scott 1971, 1977; 
Jordan 1978; Taylor 1979; Rowsell 1980; Burdon et al. 2001; Butterworth et al. 2007).

In 2001, Burdon et  al. conducted random post-mortems on 76 seal carcasses 
abandoned on the ice. They found that in 17% of the seals, there were no apparent 
skull fractures, and in these cases, association with a level of unconsciousness 
would be highly improbable. A further 25% of the seals had minimal or moderate 
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fractures. In cases of minimal fractures, unconsciousness would have been highly 
improbable, and, while moderate fractures would be more likely to be associated 
with a more significant decrease in consciousness, they would still not have a high 
level of probability to be associated with unconsciousness. Thus, Burdon et  al. 
reported that in 42% of seals examined, there was not enough evidence of cranial 
injury to ensure that unconsciousness had occurred and concluded, “the current 
methods and competency of clubbing is significantly inaccurate in location, result-
ing in severe and unacceptable suffering.”

In 2002, Daoust et al. reported on observations of the 2001 seal hunt in the Gulf 
of St. Lawrence. Dr. Pierre-Yves Daoust was stationed on board sealing vessels and 
observed 167 seals clubbed or shot. In 155 instances, the method of killing was 
observed. Though the report cautions that Dr. Daoust’s “presence on board of seal-
ing vessels may have incited sealers to hit the seals’ skulls more vigorously,” of the 
100 seals he observed clubbed, 14% had skulls that were either not crushed or were 
only partially crushed. In 2% of cases, the seal was still alive after being brought 
onto the vessel and was subsequently clubbed. An additional of nine seals were 
wounded and then lost at sea.

Butterworth et al. (2007) performed post-mortems on 17 seals found abandoned 
on the ice. All of these had been clubbed and one had also been shot. In 47% of 
cases, the seals had been clubbed on the face or neck, and 82% had ocular damage. 
For 15 of the 17 animals, there were significant welfare concerns; most seals had 
multiple fracture sites, and a significant number (59%) had pre-mortem bleeding in 
the mouth or nostrils. Fifty-nine percent had damage to the face and lower jaw, sug-
gesting inaccurate blows when clubbing the seal.

15.3.2  �Shooting

Leary et al. (2013) stated, “For wildlife and other freely roaming animals, the pre-
ferred target area should be the head. It may, however, not be possible or appropriate 
to target the head when killing is attempted from large distances (missed shots may 
result in jaw fractures or other nonfatal injuries).”

Malouf (1986) explained the inherent obstacles to accuracy in shooting in com-
mercial sealing operations, noting, “Many Canadian hunts take place, or have taken 
place, under conditions which make it impossible to obtain an acceptably high pro-
portion of kills with head shots…The causes include long-range shooting, shooting 
from moving boats, and shooting at seals in the water.” Additional potential obsta-
cles to accuracy in shooting include high winds, extreme weather conditions, cold 
temperatures, ocean swells, low visibility and operator fatigue (Butterworth and 
Richardson 2013).

According to EFSA (2007):

The main disadvantage with firearms is the risk of the targeted animal being hit with insuf-
ficient force and/or accuracy to cause instantaneous death or unconsciousness, and possibly 
escaping wounded. This may be caused by one or more of the following: poor marksman-
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ship, excessive distance (e.g. shots fired over ranges > 50 m), unstable platforms (e.g. a boat 
or ice floe in rough weather conditions), unanticipated movement by the animal (e.g. a 
sudden movement of the head just before the hit) or inadequate firearms/ammunition. In 
any seal hunt, it is likely that a certain proportion of the animals will be only wounded, 
regardless of the power of the ammunition. Wounded seals may escape before they are re-
shot, as there is no guarantee that the rifleman will be able to inflict a successful repeat shot 
immediately.

This echoes the findings of Malouf (1986), which found, “Shooting is clearly a 
humane way of killing if the animal is killed outright, but in any large-scale opera-
tion some proportion of seals will merely be wounded. These animals may recover 
or may die some time later; in either event the shooting inflicts a serious degree of 
suffering.”

Multiple studies have recorded very high rates of wounding when seals are shot 
in commercial seal hunts (Butterworth and Richardson 2013) (Figs. 15.5–15.10). 
Burdon et al. (2001) observed 57 seals that were shot. Of these, three were struck 
and lost, 21 were struck multiple times, one was shot and not immediately recovered 
despite evidence of life, and 15 were shot and then impaled with hooks and dragged 
onto the vessels in absence of a test for unconsciousness. Of the latter group, one 
seal was observed being clubbed on board the boat.

In 2002, Daoust et al. reported on observations of the commercial seal hunt in the 
Gulf of St. Lawrence. The author was stationed on four different sealing boats and 
observed 167 seals that had been clubbed or shot and were brought on board the 

Fig. 15.6  A seal that has been shot and wounded crawls across the ice, swims to a second ice pan, 
and then struggles onto it before a sealer arrives to club the seal on April 8, 2010. Image credit: 
HSI/Gray Mitchell
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Fig. 15.7  A seal that has been shot and wounded crawls through her own blood while a sealing 
vessel approaches in April 2010. Image credit: HSI

Fig. 15.8  A seal is shot in the water at the commercial seal hunt on April14, 2014. Image credit: 
HSI/Frank Loftus
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Fig. 15.9  A seal is shot at 
repeatedly and wounded in 
open water in April 2009. 
The sealers must impale 
the wounded seal on a gaff 
and drag the animal up and 
onto the deck before any 
effective monitoring for 
consciousness can occur. 
Image credit: HSI

vessels or lost in the ocean. His report indicates about half of the seals were clubbed 
and about half were shot. However, in 12 of these cases, he was unable to observe 
the method of killing or perform an examination of the carcass. Of the 43 seals 
observed shot, 93% were struck again with a club. For the vast majority (≥85%), Dr. 
Daoust recorded the interval between the shot and the blow(s) was less than or equal 
to 1 min. The report noted that, “A certain proportion of animals (3 of 8, in one 
instance where exact records were kept) were still alive during that interval, as 
shown by the conspicuous movements of their head.”
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Butterworth et al. (2007) evaluated 51 sequences in which seals were shot and 
the point of impact could be established. Of these, 59% were shot in regions of the 
body other than the head or were missed entirely. In total, 66% of the shot seals 
required multiple strikes, and a further 16% responded to stimuli after being shot 
but were not struck again. The mean duration of time from first shot to contact by 
the sealer was 48.8 ± 9.4 seconds, indicating a considerable period of potentially 
poor welfare (EFSA 2007).

Butterworth et al. (2007) concluded:

We compare the welfare standards of the seal hunt with the expectations in commercial 
slaughterhouses in both the EU and Canada. The likelihood of a single effective shot or 
strike in dispatching seal pups is well below the corresponding standards achieved for ani-
mals in slaughterhouses. Since the number of affected animals is large, and the levels of 
wounding are high, the hunting method should be considered unacceptable.

15.4  �Climate Change is Exacerbating Welfare Problems

Our climate is changing, and it seems to be happening at an unprecedented rate. Our 
planet is warming, sea ice is declining, and pollutants are accumulating within the 
environment and within organisms (Moore 2008). These changes are most certainly 
affecting marine ecosystems, and there is strong evidence that many marine 

Fig. 15.10  A blood trail from a struck and lost seal at the commercial seal hunt in April 2007. The 
original site of the shot can be seen by the blood on the ice pan in the bottom left of the image. 
Image credit: HSI
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mammal species will soon be, and already are, negatively impacted by climate 
change (McCarthy 2001). Ice-associated species such as harp seals, the primary 
focus of Canada’s commercial seal hunt, provide examples of the conservation 
impacts of climate change on marine mammals. Like polar bears, these seals are 
ice-dependent animals, and they rely on the sea ice to give birth and to nurse their 
pups. Diminished sea ice cover can cause reduced reproductive success of adult 
females and higher rates of pup mortality (Johnston et al. 2005; Cote and Pigeon 
2007; Department of Fisheries and Oceans 2010).

Unfortunately, climate change is causing sea ice to decline at an alarming rate 
(Moore 2008) and ice cover in seal whelping areas is expected to continue to decline, 
causing increased mortality for seals (Cote and Pigeon 2007; Department of Fisheries 
and Oceans 2010). While the conservation concerns associated with habitat loss for 
ice breeding seals has been reported in multiple studies, another negative outcome 
related to climate change has received less attention. The diminishing sea ice is com-
promising animal welfare in commercial sealing operations through changes in the 
ways in which the hunters interact with the seals (Butterworth and Richardson 2013).

15.4.1  �Higher Wounding Rates

The reduction in sea ice cover associated with climate change is causing an increased 
reliance on long distance shooting from sealing vessels (WTO 2013). Very high 
wounding rates in seals that are shot have been recorded in multiple studies 
(Butterworth and Richardson 2013), as have the challenges and delays in effective 
monitoring for consciousness when shooting from vessels (WTO 2013). As sea ice 
continues to diminish, it is logical to anticipate an increase in the poor welfare out-
comes related to shooting in the commercial seal hunt.

15.4.2  �Increased Numbers of Open Water Shootings

Smith (2005) provided recommendations on improving welfare in commercial 
sealing operations. The Canadian House of Commons Standing Committee on 
Fisheries and Oceans (Keddy 2007) subsequently advised the Canadian govern-
ment to implement these recommendations. While the Canadian government 
based some of its 2009 amendments to the Marine Mammal Regulations on Smith 
(2005), the recommendation that “a seal should not be shot in the water, or in any 
circumstance when it is possible the carcass cannot be recovered” was omitted. In 
its formal response to the Standing Committee, the Canadian government stated 
that the sealing industry and Department of Fisheries and Oceans would continue 
to consult with the authors of Smith (2005) on “the practical application of some 
recommendations, such as a prohibition of shooting seals in the water which could 
have a detrimental effect on the fishery when poor ice conditions prevail.”
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Ultimately, the Canadian government did not prohibit the shooting of seals in 
open water, and the practice is likely to increase in frequency as sea ice diminishes. 
Shooting seals in the water significantly increases the risk of poor welfare outcomes 
(Daoust and Caraguel 2012). Application of the humane slaughter method is impos-
sible when shooting seals in the water because effective monitoring for conscious-
ness is impossible prior to hooking and hoising onto the vessel (Butterworth and 
Richardson 2013). Shooting seals in open water also contributes to incidences of 
struck and loss (WTO 2013).

15.4.3  �Higher Struck and Lost Rates

Loss rates are higher for sea hunts than for land hunts given the ability of marine 
mammals to dive beneath the surface of the water and remain there for prolonged 
periods of time and unconscious seals are in a negative state of buoyancy and can 
sink (NAMMCO 2006). According to Sjare and Stenson (2002), “One of the major 
sources of unreported mortality during the commercial harp seal (Pagophilus 
groenlandicus) hunt in the Northwest Atlantic is the number of animals that are 
killed but not recovered or reported, commonly referred to as struck and lost.” 
Struck and lost seals can survive with injuries that profoundly impact their contin-
ued survival (WTO 2013).

Given the deteriorating ice conditions over the past decade, virtually all recent 
sealing now occurs amidst broken sea ice pans. If the recommendation by Smith 
(2005), to prohibit shooting in any circumstance in which it is possible the carcass 
may not be recovered, were implemented, the present-day seal hunt would effec-
tively be ended. Keddy (2007) noted that a prohibition on shooting seals in open 
water would have a detrimental effect on the profitability of the seal hunt in poor ice 
years, indicating that sealers shoot more seals in open water when there is reduced 
sea ice cover, while WTO (2013) states that shooting seals in open water contributes 
to incidences of struck and lost.

15.4.4  �Increased Risks of Conscious Seals Gaffed onto Vessels

Climate change has caused a significant deterioration in the sea ice cover that forms 
the working environment for sealers during the commercial sealing season (Johnston 
et al. 2012). The sea ice pans are smaller and more fragile and often will not support 
the weight of a sealer. This can make it impossible for sealers to retrieve wounded 
seals with any other means than hooking with a gaff (a long wooden pole with a 
metal hook at the end) or hakapik (a clubbing instrument with a hook at the end) 
(Figs. 15.11–15.13). WTO (2013) reports that recovering seals onto vessels with 
hooks and gaffs is consistent with the occurrence of unstable ice conditions and the 
related increase in the use of firearms.
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Fig. 15.12  A 3-week-old seal pup is shot and wounded and crawls across the ice before being 
gaffed onto a sealing vessel on April 21, 2015. Image credit: HSI/Michael Bernard

Fig. 15.11  A 3-week-old seal pup is shot and wounded and left to suffer before being impaled on 
a gaff while visibly opening his mouth in April 2011. Image credit: HSI/Michael Bernard

15  Welfare Aspects of Commercial Hunting and Climate Change



268

EFSA (2007) recommended that unless they are in the water, seals should not be 
“moved, i.e. gaffed, hauled or moved from the position they have come to rest, until 
it has been confirmed that they are dead or irreversibly unconscious, or have been 
bled out.” Yet, there are many recorded instances of hooking and gaffing of 
potentially conscious seals in evidence (WTO 2013).

In a 2008 interview with the National Post, the president of the Canadian Sealers 
Association explained that when sea ice is too thin for the sealer to stand on it, the 
seal can only be monitored for consciousness after being impaled on a hook and 
hoisted onto the vessel (Hanes 2008). WTO (2013) states:

Physical conditions and concerns for sealers’ safety may demand that the seal be hooked 
onto the boat if it cannot be checked on the ice. This may have potentially severe negative 
impacts on animal welfare if a seal is conscious and sensible to pain during this process…
We find compelling evidence to show that the possibility of retrieving seals by hook/gaff is 
important to the feasibility of commercial seal hunting in Canada and Norway. Furthermore, 
given the difficulties of assessing the consciousness of the seal and the challenges of re-
stunning by firearm, there is a possibility that some seals will be conscious when hooked or 
gaffed leading to severe negative consequences for animal welfare.

15.4.5  �Increased Delays in Monitoring

In contrast to seals that are clubbed with a wooden bat or hakapik, when a seal is 
shot, there is no requirement that animals are monitored for unconsciousness imme-
diately after stunning. Rather, the Regulations only require the sealer to perform the 
test “as soon as possible.” As detailed in a previous section, as the sea ice deterio-
rates, reliance on long-distance shooting as a primary stunning method is increasing, 

Fig. 15.13  A wounded seal is gaffed onto solid ice. Image credit: HSI/Michael Bernard
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and Smith (2005) confirms that when seals are shot, there is often a delay in sealers 
being able to monitor for consciousness. WTO (2013) echoes this observation, stat-
ing that, “Evidence specifically confirms that the likelihood of delay is greater when 
a firearm is the stunning instrument used because of the distance between the sealer 
and the seal.” Butterworth et al. (2007) noted that, “the mean duration from first shot 
to contact by the sealer was 48.8 ± 9.4 seconds, indicating a considerable period of 
potentially poor welfare.”

15.4.6  �Increasing Inability of Sealers to Perform Humane 
Slaughter Techniques on the Ice

Leary et al. (2013) state that animals should be bled out immediately following con-
firmation of unconsciousness, while Smith (2005) states, “Bleeding of a seal will 
ideally be done on the ice immediately following the checking process.” The World 
Organization for Animal Health (2016) states that it should be possible for the 
slaughterer “to observe, inspect and access the animals throughout the bleeding 
period,” and that any animal showing signs of recovering consciousness should be 
re-stunned. Unfortunately, Canada’s Marine Mammal Regulations, as amended in 
2009 (Government of Canada 2009), do not mirror these requirements. Instead, the 
Regulations stipulate that, “No person shall skin a seal until the cranium has been 
crushed and at least one minute has elapsed after the two axillary arteries of the seal 
located beneath its front flippers have been severed to bleed the seal.” Thus, bleed-
ing can occur at any time after monitoring for unconsciousness and after the animal 
has been impaled with a gaff hook and dragged across the ice and onto a vessel.

Climate change is causing a reduction in sea ice in commercial sealing areas, 
which makes it increasingly difficult for sealers to operate on the ice. This, in turn, 
creates significant obstacles to bleeding out seals on the ice and remaining with 
them for the duration of the process.

15.5  �Conclusions

The environment in which the Canadian commercial seal hunt occurs presents sig-
nificant obstacles to consistent application of humane slaughter methods. This has 
resulted in poor welfare outcomes for seals, which have been reported in multiple 
studies over the past half century.

Climate change has caused sea ice cover off Canada’s East Coast to diminish over 
the past decade, and the trend toward decreased sea ice formation is expected to 
continue in the coming ones. The conservation impacts of diminished sea ice on the 
ice-dependent harp seals are apparent, and reductions in sea ice are also impacting 
adversely on animal welfare in the context of the commercial seal hunt. As ice condi-
tions worsen, the suffering witnessed during the hunt can be anticipated to increase.
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Chapter 16
Assessing the Welfare of Pinnipeds

Isabella L.K. Clegg and Andy Butterworth

Abstract  A recent increase in collaborative and independent studies on sea lions, seals 
and walruses has advanced our knowledge and interest in pinniped welfare. Nevertheless 
published discussions of the welfare of pinnipeds, and secondly of potential measures to 
assess their welfare, are, respectively, very few and non-existent. This chapter aims to 
make first steps in the discussion on assessing pinniped welfare, with the goal of stimu-
lating future welfare investigations. Pinniped species are able to thrive in two opposing 
environments, the land/ice margin at the coast and in the sea, and these animals use these 
two ‘domains’ for different functions. Welfare measurement is concerned with the out-
come of an animal’s internal and external responses to its environment, and pinniped 
species’ evolutionary biology may be especially important in this respect, in terms of our 
understanding of the animals’ responses and interactions within their two domains. 
Pinnipeds are being directly impacted by serious anthropogenic disturbances in the wild, 
including human interference at established feeding and breeding grounds, hunting, 
entanglement and climate change, and are also often kept in captive collections. Feasible 
evaluations of welfare can therefore be assumed to have potential widespread utility, 
including applications benefitting the animals themselves.

16.1  �Introduction

Although the literature on pinnipeds is not as extensive at that of the charismatic 
megafauna cetacean species, many collaborative as well as independent studies on 
sea lions, seals and walruses have advanced our knowledge and sustained the inter-
est in these fascinating animals. Nevertheless published discussions of the welfare 
of pinnipeds, and secondly of potential measures to assess their welfare, are very 
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few and non-existent. This chapter aims to make first steps in the discussion on 
assessing pinniped welfare and hopes to stimulate future welfare investigations. 
Pinniped species are able to thrive in two opposing environments, the land/ice mar-
gin at the coast and in the sea, and these animals use these two ‘domains’ for differ-
ent functions. Welfare measurement is concerned with the outcome of an animal’s 
internal and external responses to its environment, and pinniped species’ evolution-
ary biology may be especially important in this respect, in terms of our understand-
ing of the animals’ responses and interactions within their two domains. Pinnipeds 
are being directly impacted by serious anthropogenic disturbances in the wild, 
including human interference at established feeding and breeding grounds, hunting, 
entanglement and climate change, and are also often kept in captive collections, so 
feasible evaluations of welfare could be assumed to have widespread utility, includ-
ing applications benefitting the animals themselves.

16.2  �Tools from Welfare Science Applicable to Pinnipeds

In this chapter, we will discuss the Otariidae (sea lions and fur seals), Phocidae (true seals) 
and Odobenidae (walruses) separately where possible, as these families have each fol-
lowed a different evolutionary path to become adapted to both the land and the sea (Renouf 
1991) and thus sometimes may merit differential consideration in terms of welfare. 
However, in many areas of the literature concerning wild and captive pinnipeds, there is a 
paucity of information on certain topics among the families and species, and in these cases 
our suggestions for potential welfare measures will be inter-specific and thus remain con-
servative. As we reviewed in Chap. 12, welfare science has established itself in regard to 
farm animal species, and scientists working in laboratory, zoo and companion animal wel-
fare are adapting some of the tools and techniques first developed for farm animal assess-
ment, to these species too (Barber 2009; Whitham and Wielebnoswki 2013). One notable 
disparity between welfare measurement for farm and zoo animals is that the former may, 
in some cases, have herd-based assessments, whereas the latter are usually afforded indi-
vidual assessments. Pinnipeds are held in many zoological collections, where individual 
welfare assessment is logical because often the animals are observable, animals may have 
detailed discrete records, and come into contact with, and are often known individually by, 
the keepers (Barber 2009). Measuring the welfare of wild animals such as pinnipeds is 
possible but has been little investigated (see Chap. 12 for fuller discussion), and we sug-
gest here how this might be accomplished and where measures for captive and wild pin-
nipeds might overlap. We start by reviewing the existing research on pinniped welfare 
since this provides context for our suggestions and discussions.

16.3  �Existing Pinniped Welfare Research

There are very few studies discussing directly the welfare of pinnipeds in general and 
none which investigate how it might be measured comprehensively or ‘holistically’ 
(i.e. considering a wide range of risk factors and variables which may affect welfare). 
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Seal welfare has featured in legislative documents and guidance articles relating to the 
culling of seals for fur or population control practices (e.g. Fitzgerald 2011), but dis-
cussions are limited to the ethics of welfare states as perceived by humans. One recent 
report investigated the welfare implications of seal hunts for individual animals and in 
particular the qualities of the killing process itself where the authors highlight the poor 
welfare likely experienced by wounded animals which escape the sealers (Butterworth 
and Richardson 2013). Butterworth et  al. (2012) reviewed how entanglement may 
impact pinniped welfare at the time of death or through debilitating wounds or 
increased energetic demands. From available data, the authors calculated that 0.24–
2.21% of pinniped populations are currently entangled and discussed how the differ-
ent species’ behaviour and ecology alters the risk for each type of entanglement.

The only published research available which discusses multiple aspects of pinni-
ped welfare (a more holistic approach to welfare assessment, rather than a focus on 
single welfare impacts) is a report on sea lion welfare in traveling circuses, where 
opinions on welfare were given by 20 experts (Hopster and de Jong 2014). The experts 
were in agreement on important risk factors (i.e. input measures) for pinnipeds in this 
situation (pool dimensions, space, social conditions, food and water quality), but over-
all there was a large degree of variation in the experts’ opinions on the welfare signifi-
cance, leading the authors to conclude that empirical data is urgently needed on the 
subject. Two other studies have looked at stereotypic behaviour as a single potential 
measure of pinniped welfare: Kastelein and Wiepkema (1988) found that conducting 
training sessions reduced Steller sea lions’ (Eumetopias jubata) stereotypy frequency, 
and Smith and Litchfield (2010) showed that enrichment reduced stereotypic behav-
iour in Australian sea lions (Neophoca cinerea). Notably, in contrast to progress in 
cetology, emotion studies or discussions of affective states in pinnipeds are non-exis-
tent (e.g. these are not mentioned in the widely read book on pinniped behaviour by 
Renouf 1991). As a result and due to the paucity of welfare studies, our proposals for 
measures in this chapter must be partially based on extrapolation from other species’ 
research and should be regarded conservatively as an initial ‘pilot effort’ aimed at 
focussing investigative effort on pinniped emotion and welfare.

16.4  �Specific Considerations for Pinnipeds

Welfare measures for pinnipeds may be challenging to develop due to the two envi-
ronments they inhabit, especially since the time spent in each of these two locations 
is likely to vary seasonally, interspecifically and also inter- and intra-individually 
(Riedman 1990; Renouf 1991). In general, pinnipeds use the water for foraging 
while the land is used for resting and reproduction, with social interactions occur-
ring in both environments. Some species can rest and reproduce in the sea (Gulland 
et al. 2001; Walsh et al. 2001; Renouf 1991). To establish potential pinniped welfare 
evaluations, detailed species-specific knowledge of behavioural ecology must be 
gathered (see reviews by Riedman (1990) and Reynolds and Rommel (1999)). It has 
been noted that certain pinniped species recently brought into captivity will eat 
more readily in water than in land (Gulland et  al. 2001). Pinnipeds do not 
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echolocate and have highly developed and sensitive visual, tactile and passive lis-
tening systems, which vary among species and individuals depending on their envi-
ronment (Schusterman et al. 2000). Mating systems differ greatly among species, 
and breeding seasons are variable, resulting in marked behavioural and physiologi-
cal adaptations of the different pinniped species, and these are well documented 
(Boyd 1991; Thompson et al. 1994; Robeck et al. 2001). Understanding of the vari-
ability in pinniped behaviours, both in the wild and captivity, is likely to be an 
important consideration when developing welfare measures for these species.

16.5  �Input and Outcome-Based Measures

Input or resource-based measures of welfare are those that assess the resources 
available to the animal, and outcome or animal-based measures focus on the multi-
dimensional responses of the animal to the environment; outcome measures are 
considered more accurate measures of welfare (Webster 2005; Veissier et al. 2008). 
At the present time, legal requirements for baseline requirements for pinniped hus-
bandry and welfare in captivity are based on inputs (resources), and examples of 
these resource requirements can be found in the Animal Welfare Act (AWA 1966) in 
the USA and Council Directive 1999/22/EC in Europe.

The pinnipeds’ various ecological adaptations suggest that the input-outcome 
measurement frameworks (see Chap. 12 for full explanation) would be more com-
plex to establish for pinnipeds than for cetaceans, but could nevertheless be useful 
tools for pinniped welfare research. The input measures of welfare would need to 
cover both land and water environments and might consider variables such as water 
quality, topography of the pool surface and haul-out site, diet and social group 
membership. Potential outcome-based measures might focus on aspects of the ani-
mal’s behaviour, physiology and cognitive processes (Fig. 16.1).

Input measures
Terrestrial:
Haul-out surface material
Group size
Shade

Aquatic:
Water quality
Pool topography
Pool volume 

Outcome measures
Level of bodily injuries
Social behaviour
Eye pathologies
Stereotypic behaviour

©Isabella Clegg 2016

Fig. 16.1  Diagram showing some examples (not an exhaustive list) of potential input (resource-based) 
and outcome (animal-based) measures of welfare for pinniped species in captivity. (Image credit: 
Isabella Clegg)
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Joseph and Antrim (2010) provide recommendations for the resources which 
should be provided to captive pinnipeds. In terms of designing observation methods 
and recording data for outcome, or animal-based, measures, the two concurrent 
environments inhabited by pinnipeds will mean that extra considerations must be 
made: for example, during behavioural observations, where animals are generally 
free to move between land and water, there might have to be two observers present, 
one watching each environment. Pinnipeds are observed to be ‘intelligent’ (respon-
sive to their environment in adaptive ways) and easily trained (Schusterman et al. 
2002), and so conducting physiological and cognitive measures should be no more 
difficult than with cetaceans, at least in captive situations. In a similar way to the 
model for cetacean welfare described in Chap. 12 of this book, the Triangulation 
principle could be used to study pinniped welfare, where welfare is assessed and the 
respective measures are validated by correlating against data from behavioural, 
health and cognitive measures (based on Webster 2005).

16.6  �Animal-Based Welfare Measures for Pinnipeds 
in Captivity

16.6.1  �Behavioural Measures of Welfare

Relatively little is known about captive pinniped behaviour, and very few published 
ethograms (definitions of behavioural repertoires) from the wild exist (Smith and 
Litchfield 2010). This makes it hard to incorporate information concerning normal 
behavioural patterns and seasonality of behaviours into welfare measurements (e.g. 
Fig. 16.2 shows a normal resting position for a wild Steller sea lion).

Behavioural measures of welfare are likely to be crucial in welfare evaluations 
if experience from other species is considered a template for use in pinnipeds. 
Behaviour can indicate how the surroundings are perceived by the animal 
(Gonyou 1994; Veasey 2006), which in the case of pinnipeds is their utilisation of 
two complex and contrasting environments which may be difficult to fully simulate 
in captivity. Behavioural measures of welfare can provide information about the 
adequacy of the captive environment and thus whether the animals’ needs are 
likely being fulfilled (Veasey  2006). Recently, partial ethograms of behaviours in 
captivity were published for two pinniped species (Australian sea lions, Smith and 
Litchfield 2010; Cape fur seals (Arctocephalus pusillus), Wierucka et  al. 2016). 
These ethograms suggest that regular behavioural monitoring for captive pinnipeds 
would aid in establishing ‘normal’ baselines (Maple 2007; Wierucka et al. 2016). 
For example, basic, long-term data on the topography and frequency of play, affili-
ative and agonistic behaviours in different species, and in varying contexts, would 
start to reveal the function and applicability of pinniped behaviours for welfare 
assessment.

There are no behavioural measures of welfare already validated for pinnipeds. 
Compared to cetaceans there are likely to be fewer potential measures of social 
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behaviour, due to the (generally) less complex social systems seen in pinnipeds 
when compared to, for example, cetaceans (Schusterman et al. 2002). Using knowl-
edge of other species’ welfare and indications from published pinniped research, 
some ‘pilot’ behavioural measures can be suggested:

	a.	 Inappetence (poor or reduced appetite) has strong potential as a pinniped behav-
ioural measure. Pinnipeds’ appetite for food can be lost or diminished in response 
to a number of infectious and non-infectious diseases (Gulland et al. 2001), but 
decreases in response to environmental stress (Mellish et  al. 2006) and in 
response to behavioural stressors, e.g. in the breeding season (Kastelein et al. 
1995; Petrauskas and Atkinson 2006). Future studies should discriminate 
between these contexts and associated levels of inappetence before inappetence 
can be used as an indicator of poor welfare.

	b.	 Stereotypic behaviours are perhaps the most studied potential welfare indica-
tors in pinnipeds, although as with other species in captivity, it is not clear 
whether animals with stereotypies have worse welfare or improved welfare com-
pared to non-stereotyping conspecifics due to the potential that the activity may 
function as a ‘coping mechanism’ in challenging environments (Rushen and 
Mason 2008). Walruses are a species for which stereotypic behaviour is often 

Fig. 16.2  Photo showing chosen resting position of a wild Steller sea lion (Eumetopias jubata): 
published data and observations of wild pinniped behaviour will aid in understanding of ‘normal’ 
behaviours in captivity. (Image credit: Isabella Clegg)
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reported (Mason 2010; Kastelein and Wiepkema 1989), with repetitive tusk rub-
bing being repeatedly cited. In addition to the potential detrimental impacts on 
the animal’s affective state, this behaviour can cause secondary health problems 
such as tusk pulpitis (Walsh et al. 2001) and thus is likely to be valid measure of 
poor welfare. Other stereotypies include regurgitation, flipper chewing, pattern 
swimming, weaving and head shaking (Smith and Litchfield 2010; Hopster and 
de Jong 2014). As with cetaceans, pattern swimming would require meticulous 
observation before classification as a stereotypy, to be sure that there is really no 
function (i.e. that the behaviour is not adaptive or offers functional advantages) 
and that it does not vary (Clegg et al. 2015). Pattern swimming in pinnipeds can 
reach high frequencies, e.g. 45% of observed time in Smith and Litchfield’s 
(2010) study, and thus may be detrimental to affective state through the preven-
tion of other activities. Broom (1983) stated that an animal performing stereo-
typic behaviour for more than 10% of waking time has poor welfare, but this 
statistic may need to be established as having the same significance when applied 
to the pinnipeds. Multiple studies have found that provision of enrichment is 
effective in reducing pattern swimming frequency in pinnipeds (e.g. Grindrod 
and Cleaver 2001; Smith and Litchfield 2010; Hocking et al. 2015). The next 
step for this area of welfare research could be to record physiological and cogni-
tive data and use it concurrently with data on stereotypy type and frequency, to 
explore how these behaviours impact emotions and affective states (Rushen and 
Mason 2008).

	c.	 Anticipatory behaviour related to feeding sessions in captive animals has been 
suggested as an indicator of affective state (Spruijt et al. 2001), and the approach 
taken by a study with dolphins (Jensen et al. 2013), which involved assessment 
of recognised anticipatory behaviours, could be applied to captive pinnipeds, 
who are also likely to perform this behaviour. Anticipatory behaviour may sig-
nify positive expectations of the event to come and thus be a positive indicator of 
welfare (Spruijt et  al. 2001), but concurrently high levels of such behaviours 
might represent prolonged fixation on the event and lack of other stimulation in 
the environment. More research in pinnipeds and other species is needed to 
understand how we might use this measure in welfare assessments.

	d.	 Agonistic behaviour is used as a welfare measure in farm animal welfare assess-
ment (WelfareQuality 2009a,b,c; Mononen et al. 2012). Aggressive behaviour 
has been documented in captive pinniped species, especially during the breeding 
seasons (Miller 1975; Robeck et al. 2001; Wartzok 1991). Due to the effects of 
seasonality and sexual dimorphism on aggressive behaviour, measurements of 
the type and frequency of agonistic behaviour may be of limited use as a welfare 
indicator; however, the secondary effects of aggressive interactions in terms of 
wounds (discussed in the next section on health) and social isolation from the 
group could be investigated as outcome measures of welfare.

	e.	 Affiliative behaviours: In terms of behaviours which may indicate positive states 
of welfare, literature from other species indicates that play and affiliative behav-
iours may be good candidates as welfare assessment tools (Held and Špinka, 2011). 
As mentioned before, there are few published studies on play frequency in captive 
pinnipeds (see Wartzok 1991 for a review). Affiliative behaviours and their link to 
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emotional state are also very little studied, but there are some potential behaviours 
which may yield welfare measures, such as allogrooming and ‘facial expressions’. 
Facial expressions have been linked to emotions in other species (Boissy et  al. 
2007; Waller and Micheletta 2013), and unlike cetaceans, pinniped species display 
many different facial expressions, some very canid-like (Miller 1975). Naso-nasal 
contact and the accompanying facial expression were proposed by Miller (1975) as 
an affiliative interaction for New Zealand fur seals (Arctocephalus forsteri) and 
Pacific walruses (Odobenus rosmarus divergens), and this author also suggested 
that the degree of erection of vibrissae could be used as an indicator of how relaxed 
the animals were, since for the New Zealand fur seals the vibrissae seemed to be 
more erect when naso-nasal contact was made with unfamiliar or more dominant 
animals. In captivity, where breeding is often controlled, and male-male competi-
tion limited or eliminated, the distance maintained between animals over time 
could be investigated as an indicator for the strength of social bonds (accounting 
for any temperature and space variations, Baldi et al. 1996).

16.6.2  �Health-Related Measures of Welfare

Epidemiological measures of disease or pathology incidence can be used as indica-
tors of health and welfare and can be broadly informative. Such parameters have 
been published for pinnipeds in captivity. Roberts and Demaster (2001) examined 
the annual survival rate of six pinniped species in 95 different captive facilities and 
found it to range from 0.957 (i.e. survival rate of 95.7% of the population per year) 
for the South American sea lion (Otaria flavescens) to 0.884 for the Northern fur 
seal (Callorhinus ursinus). Small and Demaster (1995) highlighted that while mor-
tality rate for California sea lions (Zalophus californianus) had improved signifi-
cantly over the years studied, it was significantly higher in the first 40 days after 
animals were taken from the wild or transferred between facilities (whether captive 
or wild born), leading them to conclude that homeostasis was significantly disturbed 
during this acclimation period and that it was the most stressful time for the animals. 
Mason (2010) used mortality rates and reproduction success in a captive and wild 
pinniped species to hypothesise that walruses were more likely to have ‘relatively 
poor welfare’ in captivity and grey seals (Halicheorus gypus) likely to have ‘rela-
tively good welfare’. While this approach provides a starting point for pinniped 
welfare research based on the blunt indicator of mortality, animal-based indicators 
measurable in real time are more likely to be accurate in determining day-to-day 
welfare impacts.

The relationship between health and welfare states is complex (Boissy et al. 2007; 
Mason and Veasey, 2010), and, as in Chap. 12 of this volume, we consider here how 
health and disease may cause changes in affective state. In many other species, 
health status data is used as a welfare measure (concurring with “feelings-based” 
welfare definitions, e.g. Fraser et al. 1997; Mason and Veasey 2010). Pinnipeds can 
contract a number of debilitating diseases and health problems in the wild and in 
captivity (wild, Bossart 2011; captive, Dierauf and Gulland 2001). One of the most 
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revealing analyses for animals in relation to health status comes from records of 
haematological sampling, and several studies have published data for captive pinni-
peds (Roletto 1993; Mellish et al. 2006; Trumble et al. 2006). Roletto (1993) com-
pared profiles in healthy and “diseased” animals in 395 California sea lions, Northern 
elephant seals (Mirounga angustirostris) and Pacific harbour seals (Phoca vitulina 
richardsi) over 6 years. This author found that the animals experiencing a range of 
diseases had significantly higher red blood cell counts, haemoglobin values, haema-
tocrit and blood urea nitrogen among others, but that the different white blood cells 
measured were highly variable and could not always be used to predict health status. 
The animals studied by Roletto (1993) were those being rehabilitated after strand-
ing, and this is likely to have resulted in variation from ‘normal’ haematological 
baseline values. Considering that captive pinnipeds are intelligent, adaptable and 
trainable (Schusterman et al. 2002) and can, in some cases, voluntarily participate in 
medical husbandry procedures (Brando 2010), captive facilities could potentially 
publish the baseline data found in each species to facilitate the use of blood param-
eters in future welfare assessment of the welfare impact of disease states.

Eye pathologies in captive pinnipeds are common and have been attributed to 
pool design and water quality (Colitz et al. 2010; Gage 2011) (Fig. 16.3). Although 
cataracts and lens luxation are common age-related diseases in humans and other 
animals, additional risk factors for their incidence in captive pinnipeds were identi-
fied by Colitz et al. (2010). These risk factors include insufficient access to shade, 
a history of fighting and previous ocular disease. Access to shade (or deep water) is 
likely a crucial resource-based measure of welfare for pinnipeds and is stipulated in 
the AWA (1966), but could be more conservative, i.e. more rigorous, as proposed by 
Clegg et  al. (2015) for dolphins. Although pool colour was not reported to be a 
significant factor in Colitz et al.’s (2010) study, the authors nevertheless suggest that 
colour should be considered for inclusion in welfare assessments. Individual clini-
cal measures of eye disease could follow the standardised method suggested by 
Clegg et  al. (2015) in which a photographic scale (reference scale) is used (see 
Chap. 12). Photographic reference scales of eye opacity and squinting in pinnipeds 

Fig. 16.3  Cataracts and 
lens luxation are 
commonly seen in 
pinnipeds in captivity: the 
photo shows a severe case 
in a California sea lion 
(Zalophus californianus). 
(Image credit: Isabella 
Clegg)
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could be developed, and these would allow facilities to assess the severity of eye 
pathologies. Consequently such data could be pooled between facilities and corre-
lated to other behavioural and physiological data to help to understand how this 
problem impacts the animals’ affective states.

Body condition scoring (BCS) is another useful tool which could be standardised 
to allow assessments of the deposition of tissue and body fat on an animal, as is 
widely used in welfare assessments for other species (WelfareQuality 2009a,b,c; 
Mononen et al. 2012; Clegg et al. 2015). Although the link between BCS and affec-
tive state is unclear (Roche et  al. 2009), as with eye pathologies, a standardised 
scoring system could encourage widespread data collection. The pinniped literature 
provides a strong background for protocols to measure body condition which have 
been used in number of past health assessments (e.g. Castellini et al. 1993; Guinet 
et al. 1998; Trites and Donnelly 2003), and ultrasound imaging of tissue and fat 
reserves could be a useful validation tool for this measure (Mellish et al. 2004).

Interspecific aggression which leads to injuries is a prominent and common wild 
behaviour (Bartholomew 1970; Chilvers et al. 2005; Wartzok 1991) and in terms of 
captive animal welfare represents an interesting dilemma in so far that it warrants 
the question whether wild welfare states are the sole sought-after standard. Pinnipeds 
species are generally sexually dimorphic and some of the most polygynous of all 
animals (Riedman 1990): males fight during and around breeding seasons, subadult 
males practice fighting and mating skills and females defend their resources and 
pups, and as a result interspecific injuries are common, often debilitating, and some-
times fatal (Fig. 16.4). For example, 84% of females had permanent interspecific-
injury scars in a New Zealand sea lion population (Phocarctos hookeri), 0.5% of the 

Fig. 16.4  Two male Northern elephant seals (Mirounga angustirostris) fighting, a behaviour 
which is often linked to high rates of morbidity and mortality. (Image credit: Ari Friedlaender)
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breeding females were killed by males each year (Chilvers et al. 2005) and around 
6% of pups born each year in a northern elephant seal population were killed by 
males (Le Boeuf 1974). Body injuries are a valid assessment of welfare due to their 
direct and indirect effects on affective state (Broom 1991; Welfare Quality® 
2009a,b,c; Mononen et al. 2012). Furthermore, injuries are evidence of interactions 
that are not always observable and thus are a proxy indicator of aggression (Scott 
et al. 2005). For these reasons cetologists have taken steps to try to quantify bodily 
injuries (Scott et al. 2005; Clegg et al. 2015). For pinnipeds, systematic reviews of 
past research are needed, since behavioural data and mortality rates are sometimes 
available concurrently, which might enable the creation of methods to quantify the 
level of injuries on the body and set thresholds for poor welfare. This method could 
be a simple accumulation of systematic estimations, such as that described for ceta-
ceans in Clegg et al. (2015), in which old scars and new injuries were quantified 
separately. The data might then be correlated with levels of aggressive behaviour 
and inappetence. Monitoring of aggression levels in captivity will help us to under-
stand if there is a threshold level of injuries above which welfare decreases 
rapidly.

Physiological welfare measures for captive pinnipeds provide information on 
animal emotions and thus can support and validate other measures (Boissy et al. 
2007). Faecal glucocorticoid levels were measured in Steller sea lions in response 
to season (Petrauskas and Atkinson 2006) and medical and restraint procedures 
(Petrauskas et al. 2008). No significant differences resulted from these variables, but 
there was much individual variation found between the experimental groups. 
Kershaw and Hall (2016) found that wild harbour seal (Phoca vitulina) plasma cor-
tisol spiked in response to a capture procedure, but that blubber cortisol did not, 
instead varying significantly with season and sex. Myers et al. (2010) investigated 
variance in serum cortisol levels in wild and captive Steller sea lions, which was 
elevated in breeding and annual moult months. Risk factors associated with stress at 
sampling could be significantly reduced if the most stressful elements of the proce-
dure were understood, and of course could be removed entirely with the use of posi-
tive reinforcement training techniques. More theoretical and practical data is 
required to ‘make sense’ of the welfare picture as described by glucocorticoids mea-
sures, including accounting for the likely physiological differences between the 
action of terrestrial and marine mammal stress hormone (Atkinson et al. 2015).

16.6.3  �Cognitive Measures of Welfare

Cognitive measures of welfare aim to assess the appraisal of emotions, whether 
conscious or unconscious (Mendl and Paul 2004; Paul et al. 2005). They are the 
least explored of the ‘welfare assessment methods’, when compared to the behav-
ioural and health components of the Triangulation approach (Webster 2005), but 
there are promising new techniques derived from human and other species research 
(Mendl and Paul 2004; Rogers 2010) which could be applicable to pinnipeds. 
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Measures may be easier to apply to pinnipeds in captivity than their wild counter-
parts (Rosen 2009), and since cognitive tests are often based on experimental psy-
chology and require repeated measures, past data and training of the animals, 
researchers in captive facilities could take the lead in this area of pinniped welfare.

Similar to our assertions for cetaceans in Chap. 12 of this volume, we suggest one of 
the most promising cognitive measures of pinniped welfare might be cognitive bias test-
ing. Cognitive bias describes an individual’s appraisal of ambiguous stimuli, which the 
individual animal may interpret positively or negatively, and has been shown with other 
animals to be closely linked to welfare. For example, animals kept in impoverished 
environments, with anxious dispositions, or subject to physical examinations, i.e. situa-
tions likely to induce poor welfare, judge the ambiguous stimuli more negatively (Mendl 
et al. 2009). The design of tasks created to test this has, in the past, included Go/No-Go 
or active response operant discrimination tasks, using spatial, visual or auditory cues, 
and these sorts of tests would certainly be feasible with captive pinnipeds. Schusterman 
et al. (2002) share their experiences of training cognitive tasks with sea lions, which 
could be used when designing such future studies. They found that animals retained 
language-representative signals for short periods of time when other distracting stimuli 
were present, but were able to successfully compare sample stimuli for extended peri-
ods, and thus seem to demonstrate easily disrupted short-term memory but a reliable, 
accurate long-term memory (Schusterman et al. 2002). If a condition of supposed poor 
or enhanced (e.g. addition of enrichment) welfare is imposed, cognitive bias results may 
confirm that these resources have impacts on welfare. Furthermore these results could be 
correlated to other animal-based measures of welfare to validate them.

Other cognitive measures with possible links to welfare include laterality and tests of 
preference and motivation. Brain and behavioural lateralisation is the differential pro-
cessing of stimuli by the brain’s left and right hemispheres, which can then translate into 
lateralised behaviours (Rogers 2010). A study of pinniped lateralised behaviour in the 
wild was conducted, with walruses seeming to prefer the right flipper for feeding 
(Levermann et  al. 2003). A small number of studies were carried out in captivity: 
California sea lion populations showed directional swimming dependent on sex (Wells 
et al. 2006) and a right-ear preference for adults listening to conspecific calls (Böye et al. 
2005), and directional swimming was recently reported in northern fur seals (Pryaslova 
et al. 2009). The link between lateralisation and animal welfare has been reviewed by 
Rogers (2010), and it appears that the left hemisphere deals with non-stressful and the 
right deals with stressful emotions (Leliveld et al. 2013). Although there exist examples 
of lateralisation in certain contexts, these traits have not been explored widely as species-
specific welfare measures. Nevertheless further studies are encouraged in pinnipeds, and 
lateralisation data could be collected alongside other experimental data, as laterality can 
be relatively simple to measure. Preference and motivational tests can indicate which 
resources the animal seeks and how hard it is willing to work for them, and when differ-
ent conditions are imposed, the internal appraisal of the resource in relation to external 
factors can be revealed (Gonyou 1994; Paul et al. 2005; Boissy et al. 2007). In terms of 
welfare, this can indicate those resources which the animals covet most, and as a next 
step, the provision of these resources could be used to test potential behavioural and 
physiological indicators of positive welfare.
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16.7  �Animal-Based Welfare Measures for Pinnipeds 
in the Wild

16.7.1  �Behavioural Measures of Welfare

Pinniped species divide their time variably between land and sea and can spend 
from days to months at sea on foraging trips (Riedman 1990; Renouf 1991). Due to 
the difficulties of underwater observations of these highly mobile animals, behav-
ioural measurements of wild pinnipeds have traditionally been on land (Renouf and 
Lawson 1987). Therefore we must remain conservative in our suggestions for ani-
mal-based welfare measures, since these are likely to be based on limited knowl-
edge of the full behavioural repertoire of the animals.

First we discuss those behavioural measures proposed in the captive pinniped 
section which also merit investigation in wild populations. Examples of measures 
which may assess positive affective states include naso-nasal contacts, allogroom-
ing, play and the level of contact between individuals. Renouf and Lawson (1987) 
found patterns of play over time in harbour seals, showing that adults played 
almost as much as juveniles, that solitary play was far more frequent than social 
play and that there were sex differences in frequency and type of play. These 
authors suggested that the high levels of adult play may represent reduced forag-
ing and energetic pressures and thus would be an indicator for other needs having 
been satisfied. Wartzok (1991) pointed out that play behaviour may, to one of the 
participants, be stressful and injurious and still function as play for another, as is 
the case with older males play fighting or during sexual play with younger ani-
mals. Quantifying and defining play is the first step towards its use in welfare 
assessment but definition of what constitutes play is recognised as a difficult chal-
lenge (Held and Špinka, 2011). A recent study proposed an intensity index for 
play in captive elephants (Vicino and Marcacci 2015), an approach which could 
be applied to wild and captive pinnipeds. Miller (1975) and Renouf and Lawson 
(1987) among others have expressed the opinion that a significant amount of pin-
niped play occurs underwater, and thus future efforts could aim to document this 
important part of the behavioural repertoire. The distance between individuals 
could also be a measure of positive (or negative) welfare but would need much 
investigation first, as the effects of temperature and space available would have to 
be tested, and ‘distance adoption behaviour’ may only be a measure applicable 
outside of the breeding season. Nevertheless, Baldi et al.’s (1996) study on south-
ern elephant seals (Mirounga leonine) inhabiting a stretch of coastline with an 
unusually large amount of available space showed that the females tended to keep 
a distance of between one and two body length from each other. Smaller-scale 
differences within this range of ‘distance maintained’ could be measured to 
explore whether this may be used as a sign of affiliation (and thus positive affec-
tive state), since existing research supports the positive aspects of social recogni-
tion and long-term bonds which are seen in pinnipeds (Wartzok 1991; Schusterman 
et al. 2002; Insley et al. 2003).
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Aggression is common within wild pinniped groups and should be considered a 
potential welfare measure. Excessive levels of aggression have often been used as an 
indicator for poor welfare states (Swaisgood 2007; Welfare Quality® 2009b), whether 
caused directly by social interactions or as result of displaced aggression (Broom 1991; 
Gonyou 1994). Although the frequency of aggressive behaviours per se could not be 
used alone as an accurate welfare indicator without consideration of other factors, 
including seasonality and space available, measures such as position in the hierarchy 
and vigilance behaviour could indicate the level of social stress experienced by individu-
als. The literature on other species shows that the most stressful hierarchical position in 
a group can either be the most dominant or the most subordinate individuals and varies 
between species, with possibilities for intraspecific variability (Abbott et al. 2003; De 
Vries et al. 2003; Sapolsky 2005). Pinniped species differentially engage in territorial 
defence or dominance hierarchies to maintain harems of females, with phocid species 
especially favouring a hierarchical system (Riedman 1990). The dominance hierarchies 
of male grey seals (Halichoerus grypus) in three populations were quantified (Twiss 
et al. 1998), and further work in this species suggests that levels of aggression are more 
related to proximity and familiarity of the closest neighbour than to dominance (Bishop 
et al. 2015). Therefore the chronic social stress in such systems might result from distur-
bances to social stability and as a result of space restrictions (Bishop et al. 2015). Future 
studies might control these factors and enable measurement of the frequency of aggres-
sion indicators and other physiological indicators to reveal the effect on welfare.

Pinnipeds are one of the most vocal mammalian taxa (Schusterman et al. 2001). 
Vocal behaviour in other species is used as a measure of welfare, since vocalisation 
is likely to accompany a particular mood or emotion. However, in order for the 
emotional state to be indicated, there must be well-established understanding of the 
‘meaning’ of the vocalisations (Manteuffel et al. 2004). Schusterman et al. (2001) 
concluded in their review paper that pinnipeds have consistent calls (some similar 
between species) for mothers reuniting with pups and during threats, alarm and 
aggressive behaviour. Miller (1975) noted that ‘whimpering’ in male New Zealand 
fur seals occurred in ‘mild distress’ situations: during territorial swimming, accom-
panying mild threat displays, and in interactions with females. Vocalisations linked 
to these contexts could be tested in relation to affective state (i.e. alongside other 
potential welfare measures), and more work is needed to define the vocal nuances 
for each species before welfare states can be assumed or alluded to. Captive pinni-
ped research teams could focus their research efforts in this area (mapping of vocali-
sations), as data collection could build on the results of current studies (Schusterman 
et al. 2001) and through collaborations with wild animal studies.

16.7.2  �Health-Related Measures of Welfare

Like cetaceans, pinnipeds are considered sentinels of ocean health since they are high in 
the food chain and mobile, gregarious animals, thereby able to provide us with biomark-
ers of the state of the environment (Bossart 2011). Reviews of the pathologies in pinni-
ped diseases are found elsewhere (Dierauf and Gulland 2001; Bossart 2011), but here 
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we are concerned with measures which correspond to the animals’ affective state. Our 
suggestions discussed for captive pinnipeds (Sec. 16.3) for how blood analyses and cor-
tisol measurement might relate to welfare which are potentially applicable to wild pin-
nipeds. Bringing together findings from both wild and captive studies could increase the 
efficiency of data use, adopting the ‘three Rs’ principles (refine, reduce, replace) and so 
lessen the stressors to wild and possible endangered animals (Nolen and Bishop 2001). 
‘Sickness behaviours’ are caused by disease impact on affective state and include 
anorexia, lethargy, depression and antisocial behaviours (Broom 1991; Sneddon et al. 
2014). Documentation recording the frequency of these behaviours and of any changes 
in accompanying behaviours or physiology in wild pinnipeds would greatly assist work 
in this area. Millman (2007) suggests that these sickness behaviours should be included 
within welfare assessments and explores the theory that sickness behaviour is a motiva-
tional state which competes with other needs dependent on the context.

In addition to contracting diseases, wild pinniped populations have been observed 
to undergo severe nutritional stress (Trites and Donnelly 2003; Rosen 2009). The 
health and physiological changes in pinnipeds resulting from starvation or shortage 
of food include metabolic depression, poor body condition, immunosuppression 
and a blood profile typical of the sequential starvation process: elevated blood glu-
cose (carbohydrate utilisation), followed by elevated ketone and non-esterified fatty 
acid levels (fat utilisation), followed by elevated blood urea nitrogen which signifies 
protein metabolism in the last stage of starvation (Trites and Donnelly 2003). 
Epidemiological measures during times of nutritional stress in pinnipeds include 
reduced growth rate, reduced pup survivability, increased mortality rate and reduced 
reproduction success rate; these data can reveal the early stages of food deficiencies 
and could be used to select populations for validation of other animal-based welfare 
indicators. Rosen (2009) reviewed the results of captive studies conducted on nutri-
tional stress and emphasised how collaborative efforts between researchers focusing 
on either the wild or captivity can help to identify the tangible and measurable 
effects of a lack of, or a reduction in, available food.

A standardised body condition scoring protocol and method of wound quantifica-
tion, as discussed in the captive pinniped section (Sect. 16.6), would also aid welfare 
measurement of wild pinnipeds for the same reasons. The assessment of wounds on 
wild animals may sometimes be hindered by visibility issues, and a potential tool could 
be the use of thermal imaging cameras as presented in Walsh and Gaynor (2001), used 
by these authors to assess infection in conspecific wounds in captive California sea 
lions and walruses. This technique could be validated in captivity where the severity of 
wounds assessed through thermograms could be correlated with external appearance, 
haematology and behavioural indices and then used in wild pinniped studies.

16.7.3  �Cognitive Measures of Welfare

Experimental cognitive studies are logistically harder to conduct in wild animals, 
and in the past, simple ‘counts of cognition’ per taxonomic species have been used 
as an indicator of intelligence level (Lefebvre 2010). Schusterman et  al. (2002) 
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hypothesised that pinnipeds have advanced problem-solving abilities, as demon-
strated by their raiding of fisherman’s catches, and these authors’ captive cognition 
studies showed that California sea lions classify stimuli successfully and can recall 
elements easily from long-term memory, skills useful for social interactions, forag-
ing and vigilance behaviour in the wild. However, when looking for cognitive mea-
sures of welfare, the focus is more on how the animals process emotional experiences 
and how this affects the treatment of other information (Paul et al. 2005): for these 
topics, there are very few studies yet concerning any wild animal species.

Earlier in this chapter, we presented the advantages of cognitive bias tests as non-
invasive measures of welfare which are capable of drawing together other multidi-
mensional indicators. Although cognitive bias studies have previously not been 
conducted with any wild animals, there may be potential to assess such biases in a 
passive way (without the operant conditioning step) through using salient stimuli in 
the animals’ environment which are already associated with positive or negative 
outcomes (Brilot et al. 2009). In addition to cognitive bias, Paul et al. (2005) also 
suggest attention and judgement biases as welfare measures, where affective state is 
shown to impact decision-making or attention to a task, and again such experiments 
could be possible with wild pinnipeds. With captive three-spined sticklebacks 
(Gasterosteus aculeatus), Purser and Radford (2011) show how such tests may 
reveal impacts on affective state which were being missed before: they found that 
although their imposed condition (noise) only induced a mild fear response, there 
were significant increases in food-handling errors and decreased food to non-food 
discrimination which led to overall reduced foraging efficiency. These studies could 
be attempted with wild pinnipeds, for which anthropogenic noise and disturbances 
might be good candidates for an assumed deleterious condition. Lastly, as reviewed 
earlier in this chapter, behavioural lateralisation could potentially reveal aspects of 
affective states and thus welfare which are otherwise not accessible (Rogers 2010). 
Studies could continue to build on existing laterality findings with pinnipeds 
(Levermann et al. 2003; Böye et al. 2005; Wells et al. 2006; Pryaslova et al. 2009), 
perhaps with more focus on collecting multidimensional data on potential emo-
tional states at the same time.

16.8  �Recommendations for Developing Measures  
of Pinniped Welfare

Although only one study thus far has explicitly aimed to assess pinniped welfare 
(Hopster and de Jong 2014), the literature reviewed in this chapter shows that there 
is enough reported knowledge to support initial investigations. There is very little 
‘emotion’ research in pinnipeds, and since welfare is a balance of affective states 
made up of moods and emotions (Spruijt et al. 2001; Mendl et al. 2010), this topic 
should be established further in order to facilitate welfare research. Other species’ 
emotion research can contribute to the foundations of measures applicable to pin-
nipeds: Mendl et  al. (2010) offer theoretical and practical advice for advancing 
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animal emotion research, and Boissy et al. (2007) present robust indicators of posi-
tive emotions in terrestrial mammals, e.g. play, inter-animal distance, and allog-
rooming. Désiré et al. (2002) stipulated that to investigate emotions (in their case 
with farm animals), fine-scale behaviours such as posture and body position must be 
studied as opposed to only the more obvious actions, and this is likely to also be true 
for pinnipeds.

With cetaceans, a welfare assessment has been proposed for bottlenose dolphins 
(Tursiops truncatus) since they are one of the most studied species and the most 
commonly kept in captivity (Clegg et al. 2015). The same approach could be used 
with pinnipeds, where California sea lions, Steller sea lions, northern fur seals and 
harbour seals might be the first to be assessed for the welfare impact of captivity. 
Welfare studies should always be conducted in situ in the environment the animals 
are inhabiting (Dawkins 2006). Initial welfare research on baseline behaviours for 
these well-studied species would be best conducted outside of the breeding season, 
since marked behavioural and physiological changes often occur (Riedman 1990; 
Robeck et al. 2001; Kershaw and Hall 2016) which may distort the data collected 
and mask the welfare significance from the parameters assessed. However, clearly 
these periods should not be ignored, as they are often the source of high levels of 
stress and injury for the animals (Le Boeuf 1974; Chilvers et al. 2005; Fig. 16.4), 
and thus could be used in the context of validation of measures used to assess ‘poor 
welfare’ (discussed earlier in this chapter, e.g. injury extent, excessive aggression, 
body condition).

Other contexts for validation of measures can be used, and for wild and captive 
pinnipeds, this could involve situations in which there is human interaction. Similar 
to our discussion in Chap. 12 for cetaceans, welfare data could be gathered during 
interactions and used to explore correlations among sets of measures. For example, 
a recent phenomenon has been the stranding of California sea lions along the central 
Californian coast, where the causes listed include leptospirosis (Leptospira inter-
rogans) infection, domoic acid poisoning, malnutrition (sometimes with gastric 
ulcers) and human interactions (Greig et al. 2005). Data on measures such as body 
condition scoring, inappetence and play/vocalisation/activity level could be taken 
from animals with chronic infections and compared with those which stranded, but 
were clinically healthy (as occurred in 0.7% of strandings from 1991 to 2001, Greig 
et al. 2005). In wild pinnipeds, entanglement in marine debris can cause significant 
injury and debilitation and affect a measurable proportion of some pinniped popula-
tions (Butterworth et al. 2012) (also see Chap. 13 this volume): the proposed wel-
fare measures discussed in this chapter could be applied to these animals as part of 
the assessment of the poor welfare caused by marine debris.

In captivity, pinnipeds usually receive their food within multiple training ses-
sions, and thus there is potential for the human-animal relationship (HAR) to be a 
factor in enhancing or reducing welfare (as with other captive species, Waiblinger 
et  al. 2006; Whitham and Wielebnowski 2013). California sea lions can use the 
pointing gestures of their trainers as referential cues, suggesting that through their 
habituation to humans, they have learned to exploit human body language (Malassis 
and Delfour 2015). Captive pinnipeds’ behaviour towards trainers during training 
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sessions could be measured to indicate whether they find this interaction aversive, 
neutral or positive. For example, vocalisations have been proposed as an emotional 
indicator in pinnipeds (Schusterman et  al. 2001), and approach/avoidance tests 
could also be applied, as they have with dolphins (Clegg et al. 2015). Once basic 
indicators of pinniped emotional state are established, different human interactions 
in captivity might be used as either a situation where good welfare is likely (e.g. 
cognitively enriching training sessions, Clark 2013) or where poor welfare is likely 
(e.g. some travelling circuses, Hopster and de Jong 2014; when being transported 
between facilities, as with cetaceans, Castellote and Fossa 2006).

16.9  �Conclusions

Past research has described the behaviour, health and cognition of captive and wild 
pinnipeds, and this foundation of published material can be used to progress the 
application of welfare research and welfare assessment methods for pinnipeds. 
There are no existing established pinniped welfare measures per se as yet, but pro-
posals for indicators in cetaceans and other terrestrial mammals show some signifi-
cant potential for creation of pinniped species-specific tests, tools and measures. 
There is very little emotion research thus far in pinnipeds, and this topic should be 
established further in order to facilitate welfare research and could include develop-
ment of indicators of positive emotions—play, inter-animal distance, allogrooming 
and the use of fine-scale behaviours such as posture and body position. The breed-
ing season should be carefully defined as a context but not ignored, as this is often 
a period of high levels of stress and injury for the animals. The first pinniped welfare 
investigations might benefit from focussing on those species most well studied and 
commonly kept in captivity. Human interaction with both captive and wild pinni-
peds is likely to be important to their welfare: captive pinnipeds’ behaviour towards 
trainers during training sessions could be measured to indicate whether they find 
this interaction aversive, neutral or positive. In wild pinniped populations, entangle-
ment in marine debris negatively impacts many animals, and measures discussed in 
this chapter could be applied to these animals to assess the welfare impact of debris, 
as well as validating objective welfare indicators for use in other contexts.
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Chapter 17
Human Interactions with Sirenians  
(Manatees and Dugongs)

Robert K. Bonde and Mark Flint

Abstract  There are three extant sirenian species of the Trichechidae family and one 
living Dugongidae family member. Given their close ties to coastal and often urban-
ized habitats, sirenians are exposed to many types of anthropogenic activities that 
result in challenges to their well-being, poor health, and even death. In the wild, 
they are exposed to direct and indirect local pressures as well as subject to large-
scale stressors such as global climate change acting on regions or entire genetic 
stocks. In captivity, they are subject to husbandry and management practices based 
on our collective knowledge, or in some cases lack thereof, of their needs and wel-
fare. It is therefore reasonable to consider that their current imperiled status is very 
closely linked to our actions. In this chapter, we identify and define human interac-
tions that may impact dugongs and manatees, including hunting, fisheries, boat 
interactions, negative interactions with man-made structures, disease and contami-
nants, and global climate change. We examine techniques used to investigate these 
impacts and the influence of sirenian biology and of changing human behaviors on 
potential outcomes. We examine how this differs for dugongs and manatees in the 
wild and for those held in captivity. Finally, we provide possible mitigation strate-
gies and ways to assess the efforts we are making to improve the welfare of indi-
viduals and to conserve these species. This chapter identifies how the welfare of 
these species is intrinsically linked to the human interactions these animals experi-
ence, and how the nature of these interactions has changed with societal shifts. We 
proffer suggested ways to minimize negative impacts. Current knowledge should be 
used to minimize negative human interactions and impacts, to promote positive 
impacts, and to protect these animals for the future.
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17.1  �Introduction

There are three extant sirenian species of the Trichechidae family, which include 
Trichechus manatus, the West Indian manatee; Trichechus inunguis, the Amazonian 
manatee; and Trichechus senegalensis, the African manatee. The other living Sirenia 
family, the Dugongidae, is composed of the dugong (Dugong dugon) which ranges 
from East Africa to the north and western Pacific Ocean. All living species are listed 
as “vulnerable” under the International Union for Conservation of Nature, with the 
Steller’s sea cow listed as “extinct.” Given their close ties to coastal and often urban-
ized habitats, they are exposed to many types of anthropogenic activities that result 
in challenges to their well-being, poor health, and even death. In the wild, they are 
exposed to direct and indirect local pressures as well as subject to large-scale stress-
ors such as global climate change acting on a region or entire genetic stocks. In 
captivity, they are subject to husbandry and management practices based on our 
collective knowledge, or in some cases lack thereof, of their needs and welfare. It is 
reasonable to consider that their current imperiled status is very closely linked to 
our actions.

Consequently, our long history of interacting with sirenian species as both a food 
source and collecting them as zoological specimens, and our recent western-world 
interest in conserving them, makes the welfare of wild and captive sirenians of par-
ticular interest at both local and global scales. Through the use of historic and new 
knowledge, it may be possible to propose solutions to population stabilization and 
recovery which we can proactively implement on a local scale or even on a global 
scale. However, can this be achieved in time to prevent maladaptive responses of 
these remaining populations to human-induced threats? Understanding the biologi-
cal impact of anthropogenic threats to sirenian populations is likely to improve our 
adoption of country-specific recovery plans.

In this section, we identify human interactions that may impact dugongs and 
manatees, including hunting, fisheries, boat collisions, impact of man-made 
structures, disease and contaminants, and global climate change. We examine 
techniques used to investigate these impacts and the influence of sirenian biology 
and of changing human behaviors on potential outcomes. We examine how this 
differs for dugongs and manatees in the wild and for those held in captivity. 
Finally, we provide possible mitigation strategies and ways to assess the efforts 
we are making to improve the welfare of individuals and to conserve these 
species.

Many of these issues are first defined in this chapter and then discussed in greater 
detail in the subsequent sirenian chapters under their respective categories. This 
chapter aims to show how the welfare of these species is intrinsically linked to the 
human interactions these animals experience, and how the nature of these interac-
tions has changed with societal shifts. We also suggest ways to minimize negative 
impacts.
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17.2  �Necropsy Examination

Strandings have provided an opportunity to examine the background to these events 
and to conduct detailed necropsies on carcasses (Fig. 17.1). Through this work, scien-
tists have documented evidence for causes of mortality that are of concern. These con-
cerns lie principally in our ability to identify anthropogenic sources of death in wildlife. 
Direct human interactions with marine animals often result in death, but survival can 
also be impacted by indirect detrimental changes to the ecosystem. Many countries 
have developed long-term salvage programs to determine the causes of deaths in their 
animals and to try to understand how to minimize this, and a spin-off of this is that the 

Fig. 17.1  Necropsy demonstration and training being performed on a dugong to show how to 
systematically examine a carcass in order to obtain the samples necessary to determine cause of 
death. By training multiple professionals, consistent data can be collected, and welfare-orientated 
management decisions can be made at the regional level (Image credit: Mark Flint)
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positive benefits of such programs are being adopted in other countries. Establishing 
projects across the range of marine mammals in many countries allows decisions to be 
made regarding resourcing and where to direct monitoring efforts. This maximizes 
information available for managers tasked with recovery of imperiled species.

Since the early 1980s, useful manuals have been provided that help guide the 
pathologist or prosector through the necropsy of sirenians. These include necropsy 
manuals for the dugong (Eros et al. 2007) and manatees (Bonde et al. 1983). The 
latter manual has been translated into Spanish and French, and in addition an atlas 
on Amazonian manatee anatomy in Portuguese has recently been released 
(Marmontel et al. 2016). All these guides detail the descriptive observations that can 
be made to provide the best information from a postmortem examination—SOPs 
(standard operating procedures) encourage a uniformity of postmortem reporting 
that allows for comparison between cases, species, and regions. As such, there is 
now minimal baseline data that should always be recorded by the pathologist. This 
includes the date, time, location, which animals are involved, and mitigating cir-
cumstances that may help determine the actual cause of death. Along with written 
documentation, it is imperative to collect biological and voucher samples (tissues 
that can validate species and health condition and be used to reference-specific 
cause of death), as well as photographs. The quality of the detail recorded often 
relates directly to the data. Specifically, it is helpful to collect information that can 
be used to build a case that informs us about why marine mammals strand and what 
impact human activities may have had on this stranding.

Determining the causes of sirenian mortality and morbidity has been a useful tool 
in understanding the pressures these marine mammals face and on the conservation 
of the species. Population demographic assessments, mitigation strategies, and 
recovery plans have largely been based on the findings of these programs of data col-
lection from specific areas, and these can be applied to global issues through rollout 
of the programs and sharing of data and of conservation planning and strategies.

17.3  �Hunting

The approximately fifty-million-year evolutionary history of sirenians has been exten-
sively documented through fossil evidence (for summary, see Marsh et al. 2011). The 
recent sirenians are classified into two families: the three extant species of manatee are 
in the family Trichechidae. The dugong and the extinct Steller’s sea cow are in the 
family Dugongidae. These two lineages have been separate for 25–40 million years. 
Steller’s sea cow was restricted to the coastal fringes of two islands near the Kamchatka 
Peninsula of Siberia when it was discovered by Europeans in the middle of the eigh-
teenth century. It was quickly exploited for its meat and became extinct within 27 years 
of its discovery as a result of its restricted distribution, small population size, likely 
low rates of potential population growth, and overharvest (Marsh et al. 2011).

The coastal, estuarine, and riverine habitats of manatees and dugongs make them 
accessible to humans with small canoes and boats, and they have been hunted for 
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millennia (Marsh et al. 2011). Hunting and commercial exploitation are believed to 
have contributed to decline of all four species in some locations (see Marsh et al. 
2011 for references), and hunting is now banned in most countries, although in 
practice hunting still occurs in some places due to lack of enforcement or for rea-
sons of cultural heritage (Castelblanco-Martinez et al. 2012). However, hunting can 
be sustainable if the sirenian population is large and largely inaccessible to hunters. 
Dugongs have been hunted in the Torres Strait Region between Australia and Papua 
New Guinea for at least 4000 years (Crouch et al. 2007), and the numbers hunted 
have been substantial for at least the last 400  years (McNiven and Bedingfield 
2008). Nonetheless, several lines of evidence indicate that the modern harvest, 
which is permitted under an international treaty between the two countries, is sus-
tainable (Marsh et al. 2015).

As discussed in Chap. 18, the animal welfare concerns associated with hunting are 
contentious and subject to campaigns by anti-hunting lobby groups, particularly in 
Australia (Watkin et al. 2016). In some countries, recent efforts have been directed at 
encouraging fishermen and hunters to take other species for subsistence or adopt 
forms of ecotourism using live sirenians by employing fishermen and aborigines as 
local tour guides to take paying visitors out to view them. The efficacy of this approach 
is location specific and depends on the logistics of the tourism operation, the clarity of 
the water, and the values associated with hunting. The approach is unlikely to succeed 
when sirenians are cultural keystone species (Butler et al. 2012) and the cultural val-
ues of hunting exceed the provisioning values of the meat (Delisle 2013).

17.4  �Fisheries and Interactions

Sirenians may become the victim of accidental death due to human interactions 
such as fishing operations. These include entanglement in active or discarded fish-
ing gear and drowning in fishing nets that can often lead to death (Adimey et al. 
2014; Beck and Barros 1991). Not only is entanglement a mortal threat, it also 
raises concern for trapped animals struggling in a net that impedes their movement, 
causes injury, and ultimately death by drowning or through exhausted attempts to 
reach the surface to breathe. Some of these entanglement sources can be eliminated 
or reduced though successful regulation and cooperation with fishermen. For exam-
ple, certain traditional netting practices have been reduced or banned once they 
were identified as a cause of harm to sirenians. Active sources of net entanglement 
often include gill nets, hoop-nets, or shark entanglement nets used to protect bathers 
on the beach. Discarded or unattended nets present the most dangerous situation for 
sirenian entanglement and drowning. One reduction strategy used in the Queensland 
Shark Control Program has been to integrate or replace shark nets with drumlines 
(large baited unmanned hooks suspended from a float and usually secured to the sea 
floor by long anchored lines; these are used to lure and capture sharks (Queensland 
Government 2016)) in high-density dugong areas to minimize the amount of net 
needed to protect beach bathers.
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Ingestion of debris has also been identified as a source of risk to sirenians 
(Adimey et al. 2014; Beck and Barros 1991). This includes plastic debris, discarded 
monofilament fishing line, or rope, which can lead to ingestion or entanglement. 
Sirenians ingest debris discarded by humans into the water mistaking it for a food 
source or when it becomes hidden among seagrass beds. Some reported ingestion 
cases have resulted in internal problems such as gut blockage, or intoxication from 
the chemicals released by the debris as it breaks down, which in some cases can lead 
to death. Externally, if line is bound up tightly around a flipper, this can result in 
strangulation, self-amputation, and impeded movement (Fig. 17.2).

The best prevention of this induced threat is education, cleaning up the environ-
ment, and proactive work to discontinue the discarding of trash into the water.

17.5  �Watercraft Strikes

A significant negative interaction between humans and sirenians in their marine and 
aquatic environment is the threat of collisions with watercraft (Beck et al. 1982; 
Lightsey et al. 2006; O’Shea et al. 1985; Rommel et al. 2007). There have been 

Fig. 17.2  A manatee which has lost its limb due to entanglement and subsequent strangulation 
and devitalization of the distal tissue (Image credit: Sirenia Project—U.S. Geological Survey)
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numerous documented cases involving death due to impact with boats and ships, 
and this is more common in areas where people and sirenians share the same water-
ways. Further, welfare concerns exist concerning sublethal interactions where the 
dugong or manatee is injured or impeded by a boat strike, and then has a chronic 
decrease in their quality of life, predisposing them to secondary conditions and risks 
and removing their functionality in the population. Injuries are not always visible, 
and therefore some animals may avoid detection and the opportunity for medical 
care, but they continue to function in a compromised or impaired way as part of 
their herd. Sometimes there is convincing evidence that the impact was due to a 
spinning propeller, as the wounds inflicted of this are diagnostically evident—mul-
tiple parallel lacerations of similar size, depth, and spacing. However, in many cases 
of watercraft collision, blunt trauma or bruising to the sirenian alone (concussive 
and percussive injuries) is the primary cause of death with no external propeller 
lacerations. Therefore, watercraft-induced lesions can be propeller only, impact 
trauma only, or a combination of impact and propeller trauma. Thus, forensic 
pathology becomes an important tool in determining causes of injury and in devel-
oping subsequent mitigation strategies.

Many manatees in Florida carry signs of sublethal encounters with watercraft as 
evidenced by the scar patterns on their bodies, but appear to remain functional 
members of the population (Beck and Reid 1995). What is not known is the degree 
of social impediment (injury leading to inability to interact or loss of cohorts, such 
as nursing females) that occurs as a consequence of these. One old Florida manatee 
had 53 different scar patterns inflicted at different times during its life. Another 
known Florida manatee had its tail completely removed by a very large vessel 
impact, and this major lesion subsequently healed. He was observed actively par-
ticipating in a mating herd in south Florida—an activity that requires use of both the 
forelimbs and the tail to maneuver the female into a mating position. While he could 
compete with the other suitors, it was not known if he could successfully mate. 
These scars are a tragic reminder of how human actions can impact the lives and 
survival of sirenians (Fig. 17.3).

Auditory studies have suggested that Florida manatees may not hear approaching 
boats well, or may have difficulty localizing them, potentially creating a risk for 
these animals in areas where boating activities occur. However, recent evidence sug-
gests that these animals use the sensory hair on their body to aid in detecting objects 
in the water. These hairs are whisker-like in structure and may be used in a way akin 
to the lateral line of fish, to detect approaching objects in the water (Gaspard et al. 
2013; Sarko et al. 2007). Despite some questions on their auditory ability, manatees 
are much attuned to stimuli in the water, and this, in general, does heighten their 
ability to detect and avoid threats. They have excellent communication ability in 
close quarters through their single-note calls (O’Shea and Poche 2006), whereas 
their vision is believed to be poor (Bauer et al. 2003). Taking these features of mana-
tee behavior into account, managers have chosen to reduce the enforced speeds of 
watercraft in areas where manatees are found in large numbers to give them a greater 
opportunity to detect approaching boats and avoid collisions. This boat speed regu-
lation in Florida has aided in reducing manatee deaths and encouraged recovery of 
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the species (Calleson 2014). Additionally, acoustic ambient noise levels in the envi-
ronment can have detrimental effects on marine mammals that rely on sound recep-
tion for behavioral cues.

Mitigation of the impacts of vessels is a dynamic area of regulation. Go-slow 
zones, manatee and dugong exclusion (for vessels) zones, the compulsory use of 
propeller guards in some commercial vessels, and the requirement for many com-
mercial vessels to appoint a “spotter” whose job it is to search for species such as 
manatees, dugongs, and sea turtles in the path of the vessel are some current mitiga-
tion tactics employed around the world.

17.6  �Crushed or Drowned in Flood Structures, Locks, 
and Dams

While dugongs are strictly marine herbivores, the remaining sirenian species all 
utilize fresh and salt water. As such, other perturbations confronting manatees in 
developed places such as Florida include animals being crushed or drowned in flood 
control structures, locks, or dams. The flood control structures mechanically pin and 
trap manatees, resulting in severe crushing trauma and drowning (Odell and 
Reynolds 1979). One case in point occurred when two of the flood gates in south 
Florida started reporting manatee-associated deaths over a period of few years in the 

Fig. 17.3  A healthy dugong caught during population surveillance showing a healed wound that 
resulted in loss of over 60% of its forked tail. This injury was presumably caused by a boat strike. 
In addition, the kink at the base of the tail is a presumed healed fractured spine (Image credit: 
Department of Environment and Heritage Protection StrandNet)
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late 1970s. At that time, these two structures pinned and drowned 22 manatees in 
just a few weeks (Odell and Reynolds 1979). When this was brought to the attention 
of management, the structures were modified with timers to open the gate to an 
opening of 4 feet (1.2 m), allowing water flow to sweep any resting manatees safely 
through, then after a short time, moving to the final desired opening of 4″ (0.1 m). 
This change resulted in resolution of this problem, with no manatee deaths until the 
mid-1990s when the timers were deactivated. Shortly after this, dead manatees were 
reported from these structures again, and the timers were restored, and no manatee 
deaths have occurred since that time. Managers continue to monitor the operation of 
the structures to ensure compliance.

Lock gates can also kill sirenians when they get caught behind the closing door 
mechanism during operation (O’Shea et al. 1985). In Florida, a simple solution was 
employed (pressure sensors and/or fencing to keep manatees from getting trapped 
behind the doors), and this type of death is now rare.

Dams are extremely detrimental to healthy populations as they cut off and isolate 
breeding individuals. Impediments to travel corridors created by locks and dams 
hamper the ability of animals to make behaviorally timed movements or migrations, 
and this can ultimately be detrimental to their ability to feed and mate and ulti-
mately to the individual and population health.

Ongoing collaboration between lock and gate operators, freshwater managers, 
and conservationists is considered the best tool for controlling accidental death and/
or impediment in these types of structures.

17.7  �Infectious and Emerging Anthropogenic Diseases

We view sirenians as sentinel species that can alert us to imbalances in the environ-
ment (Bonde et al. 2004). With this philosophy, keeping the environment healthy for 
sirenians will ensure that it is healthy for humans. One benefit of creating this link 
is that people are more likely to care about the welfare of a sentinel species if they 
can see how the sentinel’s health is going to reflect their own. Zoonotic diseases 
(diseases with the potential for animal to human transmission) which can cause 
human ailments are present among sirenians. Monitoring for sirenia-borne zoonotic 
viruses, bacteria, and parasites was proposed by (Forrester 1992) and can better 
prepare us to deal with this issue. Of special concern are Cryptosporidium, toxo-
plasmosis from cat feces, and leptospirosis from ruminants, feral pigs, and rodents 
(Borges et  al. 2011; Sulzner et  al. 2012), all diseases capable of infecting both 
humans and sirenia. Monitoring water quality should remain a high priority, with a 
diligent watch for Vibrio, Clostridia, Aeromonas, and Pseudomonas species of 
pathogens (Nielsen et al. 2013).

As the sirenians are mammals, they are especially vulnerable to red tide algal 
blooms (Bossart et al. 1998; O’Shea et al. 1991). These algae produce profoundly 
toxic neurologic agents which can result in loss of consciousness, and therefore 
rapid death, in an air breather like a sirenian in the water. Development of harmful 
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algal blooms (HABs) can be influenced by a complex interaction of anthropo-
genic factors; but their increased occurrence over recent years is a direct result of 
humans’ negative impact on our nearshore habitats. To counter this harmful 
growth, many places with known populations of sirenians have serial water moni-
toring programs. Monitoring for blooms can alert rescue teams and first respond-
ers to potential exposure. The success rate for rescued intoxicated individuals can 
be good if the animal can be accessed prior to losing consciousness, because the 
animals can clear the neurologic agent after removal from the contaminated envi-
ronment. Secondary effects can present with introduction of tolerant invasive spe-
cies, and other algae, such as Lyngbya. Infiltration of Lyngbya into systems can 
lead to skin irritation in sirenians, as well as retarded growth of natural aquatic 
plants (Harr et al. 2008). Disease surveillance programs in live and dead animals 
are the most effective tools in monitoring and minimizing the impacts of disease 
threats (Bonde et al. 2004).

17.8  �Contaminants: Pollution and Toxins

Due to anthropogenic influences on our environment through exposure to con-
taminants, detailed studies have been conducted on levels of well-known toxins 
identified in sirenians. Primary toxicology studies have focused on copper (which 
can result in acquired zinc deficiency), which is heavily used in control of nui-
sance plants. For example, with high levels of copper reported in manatees in 
Crystal River in the early 1980s, herbicide applications were regulated to avoid 
direct exposure to the wintering population (O’Shea et al. 1984). Since that miti-
gation, copper levels have been reduced in the manatee population. Mercury is 
another metallic toxin found in the environment that can have devastating conse-
quences for mammals (Driscoll et al. 2013). Many environmental pollutants are 
associated with suitable habitat occupied by sirenians. These include chemicals, 
compounds, fatty acids, pharmaceuticals, trace elements, toxins, and poisons 
(O’Shea and Tanabe 2003). Agencies are tasked with reducing discharge of these 
pollutants into the environment. This is often not easy to do, and many of these 
contaminants are sequestered for decades in sediments and may not get reintro-
duced into the ecosystems unless the sediments are disturbed, agitated, or 
exposed. Harmful algal blooms caused by Lyngbya and Karenia brevis are 
becoming more frequent, and this is impacting the health of sirenians. Ongoing 
environmental monitoring and regulation of agricultural runoffs is the current 
practice used around the world to control the negative impacts of natural con-
taminants (Meager and Limpus 2014). Disaster mitigation plans, such as those 
used after oil spills, are the primary response tool to a toxin-induced unusual 
mortality event or threat. Increased awareness has resulted in sirenians being the 
primary species of concern in many regions after such disasters (Geraci and 
Lounsbury 2005).
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17.9  �Global Climate Change

The major concerns for sirenia of climate changes are alteration in sea level, sea-
sonal weather anomalies, global warming trends, flooding, and unpredictable 
increases in stochastic events (Wells et al. 2015). It is predicted that these events 
will result in loss of habitat and that this will relate directly to the carrying capacity 
of sirenians, with the potential to cause localized population isolation and potential 
extinctions. To prepare ourselves for these fundamental changes, proactive action is 
preferred to a reactive response which may be provided too late. Efforts could focus 
on reduction of global carbon emissions and modeling to predict how sirenians and 
humans will respond to changes.

17.10  �Captive Populations

Holding dugongs or manatees in captivity occurs for two primary purposes—either 
for (1) treatment or assessment prior to reintroduction back to the wild or (2) for 
entertainment and education. Regardless of the purpose, both share risks and 
rewards. The placement of any wild animal into a captive environment for any 
period of time alters their behavior and ability to interact socially with their cohort. 
However, the benefit of allowing close experiences of the public with such large 
marine mammals may serve to educate and increase awareness and ecological 
responsibility in those who see these creatures at close quarters and become aware 
of the conservation and environmental issues which are affecting them, although 
some are distressed by seeing these animals in captivity. The risks associated with 
captivity must be weighed against the greater benefit to the individual and the spe-
cies, and this balancing of factors raises ethical and societal questions about why 
and whether to keep large mammals in captivity or to protect them in the wild. 
Efforts to optimize the facilities and care provided for large mammals, including 
sirenia in captivity, could be prioritized to benefit all species of concern.

17.11  �Social Structure

Monitoring of populations of sirenians has identified various human stressors that 
can have an impact on the social structure of the population. This has been reported 
through increases in the incidence of orphan rescues due to death or displacement 
of their mother (Marsh et al. 2011). Nursing mothers also exhibit nutritional stress 
(poor body condition) relative to the quality of the local environment and, if 
unhealthy, can pass on diseases by contact and even accumulated toxins through 
vertical transmission via milk during suckling (O’Shea et al. 1984). Human activity 
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can also result in reduced reproductive success or physical separation of potential 
breeding individuals. This form of isolation can prohibit opportunities to mate, as 
well as affect genetic fitness in the population. This form of human-induced impact 
can come from overcrowding, encroachment, and physical tampering of sirenians or 
their habitats (Marsh et al. 2011).

17.12  �Positive Human Interactions

Although much of what we report on our interactions with sirenians are long-
standing issues, which may have contributed to their current threatened status, there 
are examples of human activity which has positively influenced these species or at 
least has reduced anthropogenic impacts. Examples will be given in the following 
chapters and include go-slow zones in known manatee and dugong habitats, changes 
to fishing and waterway control practices, and laws to limit hunting and exploitation 
(Fig. 17.4). However, there are also practices such as long-term investment in rear-
ing orphaned calves for return to their natural habitat, the science and research dedi-
cated to gaining a better understanding of sirenia, and the supply of heated water as 
a by-product in discharge canals of electric facilities providing a warm water refuge 
to thousands of manatees in Florida over winter (an anthropogenic side effect). 
These current practices can be seen as making a positive difference to sirenian pop-
ulations around the world.

Fig. 17.4  A manatee enforcement zone that is active during the winter when manatees are known 
to frequent the area (Image credit: Jaylene Flint)

R.K. Bonde and M. Flint



311

17.13  �Conservation, Education, and Possible Solutions

All of the threats discussed in the section above not only impact the survivorship 
of the species but also the welfare of individuals. All of these threats can either be 
made worse if we do not continue with ongoing efforts to mitigate and reverse their 
effects, or they can be overcome if we work together to protect and conserve our 
aquatic resources. This may best be achieved through education, communication, 
and regulatory implementation. In order to reduce the human impact on sirenians, 
proactive efforts could continue to be employed. Reducing our footprint on the 
environment will likely improve conditions for sirenians to allow them to better 
coexist with people. We need to address our philosophies regarding the intrinsic 
value of sirenians. Can we coexist with them with minimal negative impact? And, 
if so, how do we do that? They play an important role in the ecosystem and can act 
as a sentinel species to help us gauge emerging problems. When we identify prob-
lems, we can respond with measures that will aid in recovery of the population, and 
we do that already to an extent with appropriate signs, protected areas and sanctu-
aries, and through education programs (Fig. 17.5). In the history of sirenian species 
recovery, we have come a long way. However, we need to continue to move ahead 

Fig. 17.5  With the general public being able to access and watch wild marine mammals from the 
comfort of purpose-built viewing centers, there has been an increase in public awareness of the 
issues facing them and support toward reducing threats to their survival. Shown is an example of 
such a viewing center in Central Florida where manatees come to seek refuge in the industrially 
warmed waters and people can watch them from the shore (Image credit: Stacie Koslovsky)
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with a proactive vision for strategic gathering of data and information to help us 
better understand complexities facing sirenians and their role in the coastal 
environment.

17.14  �Conclusions

Sirenians are a resilient species that have survived and evolved over millions of 
years. They are seemingly well suited to cope with the perturbations and problems 
that surround them; but human society needs to realize that the impact of our foot-
print on the environment for sirenians is huge and will last a long time. We can have 
positive impacts on sirenians through creation of sanctuaries, no entry zones, water-
craft speed zones, fishery exclusion areas by enforcement action to prevent illegal 
hunting and trading, and through increased care regarding what we put into and take 
out of our aquatic environment. These actions can be enforced through governmen-
tal agency regulation. Now is the time to use our current knowledge to minimize 
negative human interactions and impacts, to promote positive impacts, and to pro-
tect these animals for the future.
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Chapter 18
Impacts of Marine Debris and Fisheries 
on Sirenians

Helen Owen, Jaylene Flint, and Mark Flint

Abstract  Harmful marine debris includes land and ship-sourced waste and aban-
doned fishing gear from recreational and commercial fisheries; these forms of debris 
are making their way into waterways and oceans with increasing frequency. For 
sirenians, marine debris and fisheries pose a significant risk to their well-being 
through entanglement, ingestion and hunting, both legal and illegal, as well as 
through more indirect ways, such as changing social structures and creating orphans 
through loss of cohorts. This chapter addresses the welfare impacts of marine debris 
and fisheries on sirenians. It also explores the changes in attitude that are occurring 
in many of the stakeholders involved and how these are translating into positive 
outcomes.

18.1  �Introduction

For sirenians, marine debris and fisheries pose a significant risk to their well-being 
through entanglement, ingestion and hunting, both legal and illegal, as well as 
through more indirect ways such as changing social structures and creating orphans 
through loss of cohorts (Australian Government 2009a).
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This chapter addresses the effects of harmful marine debris, which include 
land-sourced waste and garbage (such as bags, bottles, ropes, fibreglass, piping, 
insulation, paints and adhesives), abandoned fishing gear from recreational and 
commercial fisheries (e.g. strapping bands, synthetic ropes, derelict fishing nets, 
floats, hooks, fishing line and wire trace) and ship-sourced, solid, non-biodegrad-
able floating materials disposed of at sea (e.g. fibreglass and insulation) 
(Threatened Species Scientific Committee 2003). Marine debris is any manufac-
tured or processed solid waste material that enters the ocean environment. Many 
forms of debris are composed of plastic and thus are persistent and buoyant for 
years to decades after entering the ocean (Laist 1987; Ryan 1987; Hansen 1990; 
Goldberg 1995; Goldberg 1997; Derraik 2002). Such debris can be carried exten-
sive distances on ocean currents, increasing the likelihood of exposure to wildlife 
(Sheavly and Register 2007; Laist 1987).

Fisheries may also serve as a hazard to marine animals during active use, as ani-
mals can become entrapped in deployed gear or affected indirectly when vessels 
and gear damage necessary habitat such as seagrass beds.

Both types of effects result in stress on resident animals. No family of marine 
animal is immune to marine debris or the threat of fishery interactions. Six hundred 
and ninety three species of marine organisms have been reported to have encoun-
tered marine debris (Gall and Thompson 2015). There are records of entanglement 
in or ingestion of plastic debris for 54% of the International Union for Conservation 
of Nature’s Red Listed species (STAP 2011). All of these items can negatively 
impact the welfare of marine animals.

18.2  �Marine Debris: Extent of Impact

Although the proportion of Florida manatees dying following interactions with 
marine debris or fishery equipment is generally reported to be low (Bossart et al. 
2004; Buergelt et al. 1984; O’Shea et al. 1985), interactions with fishery equip-
ment are likely to be of greater significance for Amazonian manatees, West 
Indian manatees in the wider Caribbean region and dugong (Hines and Reynolds 
2012). For example, the regional use of shark nets in Queensland, Australia has 
had a significant impact on dugong in this area (Marsh et  al. 2005; Heinsohn 
1972), and the practice of soak net fisheries has been known to cause dugong 
mortalities under unusual circumstances. These include when animals are being 
forced to forage in novel areas post-flooding and when new fisheries are intro-
duced in a region where dugong regularly forage. The animals that die as a result 
of interactions with marine debris and fishery equipment are likely to represent 
only a small proportion of animals affected (Laist 1987). More likely, many 
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interactions will have a sublethal impact and cause chronic debility (Beck and 
Barros 1991; Laist 1987). These more protracted effects are of greatest welfare 
concern.

The increased and widespread use of plastics and other durable manufactured 
material has resulted in an increase in marine debris (Laist 1987). Marine debris 
can cause detrimental effects when animals are entangled or when material is 
ingested. This can result in rapid or more protracted death, usually involving tis-
sue damage or starvation. In sublethal cases, it can hamper an animal’s ability to 
eat, move, escape predators and participate in social interactions (Laist 1987).

18.3  �Ingestion

Marine debris can be ingested accidentally or when it is mistaken for food, particu-
larly when debris becomes entrapped in mats of vegetation. The shallow waters 
where sirenians feed often accumulate debris, making them particularly prone to 
ingestion (Attademo et al. 2015a; Beck and Barros 1991). Beck and Barros per-
formed a study on stranded manatee carcasses in Florida. Debris was found in the 
gastrointestinal tract of 14% of the 439 examined animals. Pieces of monofilament 
fishing line and fish hooks or wire were the most commonly ingested debris, but a 
large assortment of other material including string, rope, paper, cellophane and 
rubber bands were also found (Beck and Barros 1991).

The potential sublethal and/or chronic impact of marine debris ingestion is 
demonstrated by a case series on Antillean manatees (Attademo et  al. 2015a). 
These animals presented, alive or dead, with extreme weight loss and gastrointes-
tinal tract debris composed of mostly plastic bags and knit fabric commonly used 
to make crab traps. In these cases, the debris probably resulted in weight loss by 
obstructing the gastrointestinal tract and causing a physical impedance to the pas-
sage of food and, less commonly, by reducing nutrient absorption or reducing 
intake by stimulating a feeling of satiety. Intake could also have been reduced 
secondary to discomfort, either through the mass effect of the material or if the 
material caused abrasion or erosion and subsequent ulceration of the mucosal 
surface of the gastrointestinal tract (Attademo et al. 2015a). Ingested debris may 
cause animals to become more buoyant preventing the ability to submerge and 
dive to access seagrass beds and avoid threats at the water’s surface (Laist 1987; 
Bjorndal et al. 1994).

Debris ingestion can also result in acute death, when the gastrointestinal tract is 
punctured by sharp objects like hooks and wire or when intestinal rupture occurs, 
sometimes secondary to impaction. Linear debris such as monofilament line can 
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cause intestinal plications (folding up of loops of the gut pulled together by the 
internal monofilament line), intussusceptions with subsequent intestinal necrosis, 
rupture and peritonitis (Beck and Barros 1991; Attademo et  al. 2015a; Forrester 
et al. 1975).

Finally, the ingestion of debris can cause a toxicosis through ingestion of sus-
pended microplastics or other constituents of the material (Mato et  al. 2001). 
Microplastics are small plastic particles that are introduced to the marine envi-
ronment through breakdown of larger plastic items or through discardment after 
their use as microbeads in abrasives such as ‘sand’ blasting or cosmetic materi-
als. These plastics may contain polychlorinated biphenyls (PCBs) and dichloro-
diphenyltrichloroethane (DDT), which are known to compromise immunity and 
cause infertility in animals, even at very low levels (Attademo et al. 2015b; Mato 
et al. 2001).

The welfare impact of ingestion of marine debris is that there is often a pro-
tracted and uncomfortable demise. Given the high proportion of populations affected 
by ingested marine debris and the difficulty in removing these items from the marine 
environment, efforts to mitigate the production and pollution of such products are 
immediately required.

18.4  �Entanglement

Entanglement is another way in which marine debris can impact on sirenian wel-
fare. Most reported cases of entanglement involve discarded remnants of fishery 
gear which can subsequently be carried by the animal for years (Adimey et al. 
2014; Beck and Barros 1991; O’Shea et al. 1985); however any floating foreign 
object is a potential attractant and entrapment device for marine vertebrates. 
During the current authors’ careers, we have removed, among other things, 
undergarments stuck on heads, crab pots wrapped around tails which were caus-
ing slow amputation and half-ingested fishing hooks with the lead line wrapped 
around the forelimb. In the case of the fish hooks, the line sawed through the 
mandible and oesophagus as the animal tried to swim while entangled. It is likely 
that sirenians become entangled passively, while foraging for food. For Florida 
manatees at least, their exploratory nature may further predispose them to entan-
glement (Adimey et al. 2014).

Entanglement can result in anything from impeded movement and restriction 
of normal behaviour to severe injury affecting deep tissue that can cause limb 
strangulation and amputation or mortality. Tissue injury can occur as a result of 
the abrasive and cutting nature of some materials, with the animals’ swimming 
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motion likely to further exacerbate the injury in many instances. In severe cases, 
multiple tissue layers can become necrotic and in some instances infected by 
opportunistic pathogens. Entanglement can also result in both mechanical trauma 
resulting in compromised function and pathological fractures resulting in com-
plete loss of limb capacity (Adimey et al. 2014; Beck and Barros 1991; O’Shea 
et  al. 1985; Walsh and Bossart 1999; Bossart 2001). Extrapolating from other 
species, it is probable that death in these chronic cases occurs over a period of 
months (Moore and van der Hoop 2012).

18.5  �Changing Attitudes of Marine Debris

Recently the threat that marine debris poses to the marine environment has 
become recognised after being debated for decades (Stefatos et al. 1999; Derraik 
2002; Laist 1987). This has led environmental and resource managers to an 
increased research focus in this area and the development of multiple legislations 
and conventions in an attempt to discover the impact and reduce the threat 
(Derraik 2002).

At an international level, the United Nations in 2011 made a resolution calling 
states to cooperate in the prevention, reduction and control of any sources of 
marine debris (STAP 2011). There is also the legal framework of the United 
Nations Convention of the Law of the Sea (UNCLOS) which allows for the pro-
tection of the entire marine environment from all sources and types of marine 
pollution (STAP 2011).

Such is the acknowledgement of the significance of marine debris in causing 
harm to marine animals, the Australian Federal Government under the Environmental 
Protection and Biodiversity Conservation Act of 1999 commissioned threat 
abatement plans to be developed to contribute to the future prevention, removal, 
mitigation of impact and monitoring of marine debris within Australian waters 
(Australian Government 2009b).

In addition to governance, as awareness has grown there has been a shift in pub-
lic perception of the effect of plastic bags, bottles and trash being dumped into our 
oceans with a collective conscience to repair the damage. Countries such as the 
United States and Australia have regular ‘clean-up the ocean’ campaigns with local 
groups volunteering their time to remove potential hazards and trash. Perhaps the 
most successful of these efforts is ‘Clean Up Australia Day’ which started in 1990 
with 300,000 volunteers picking up rubbish around Australian land and water, 
expanding to become ‘Clean Up the World’ involving 120 countries and forty mil-
lion participants 20 years later (Fig. 18.1).
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Fig. 18.1  Staff and volunteers of The Florida Aquarium in the United States conduct a regular 
local clean-up day in Tampa Bay, Florida. Crews recover trash items ranging from mobile phones 
(inset) to nets and fishing line (Image Credit: The Florida Aquarium)
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18.6  �Fisheries: Fishery Gear

The nets, lines, hooks and traps used in commercial and recreational fisheries are 
potential sources of entanglement and ingestion for sirenians (Adimey et al. 2014). 
In a study performed by Adimey et al. (2014), hook, line and trap pot gear most 
commonly entangled the flippers, while fishing net entanglements were most com-
monly found on the body of Florida manatees, sea turtles and bottlenose dolphins.

Sirenians are mammals with dorsally rostral nostrils fitted with valves akin to 
their proboscid relatives, the elephants, which allow for breathing at the surface of 
the water with barely their nose exposed to the air and the rest of their bodies sub-
merged. However, if entangled and submerged, even this clever adaptation is of no 
use to them if they cannot break the surface to draw in air. Unlike terrestrial mam-
mals that drown by inhalation of water into the lungs, preventing the gaseous 
exchange of carbon dioxide and air at the alveoli, sirenians are thought to drown by 
asphyxiation that may occur without a drop of water entering their lungs. This 
mechanism occurs in several marine vertebrate species and is induced by laryngo-
spasm and irreversible closure of the epiglottis preventing the breathing of water or 
air. This is likely to occur quickly, with reports of death occurring within 3 to 5 min 
of submersion (Woolford et al. 2015; Heinsohn et al. 1976). The consequence of 
this is that even if an animal can be rescued alive, once laryngospasm has occurred, 
they may not start spontaneously breathing again. Subsequently, following onset, 
drowning is very likely fatal.

Along with net fishing, the fixed shark nets used to protect bathers in highly 
urbanised regions such as Queensland are another source of entanglement for sire-
nians (Heinsohn 1972; Marsh et al. 2005). A relatively high number of dugong were 
caught in these shark nets when they were first introduced; however this number fell 
considerably, soon after modifications were introduced by the Queensland Shark 
Control Program. These modifications involved the addition of baited drumline 
hooks (large baited unmanned hook suspended from a float and usually secured to 
the sea floor used to lure and capture sharks) as a substitute for nets in some areas 
and the education and training of contractors (Marsh et al. 2005). This reduced the 
total linear footage of nets in the water and so reduced the risk to nearby marine life 
as well as increasing the responsible monitoring of nets and lines.

Education and increased awareness have also played a big role in the reduction 
of fishing gear in the environment. Many fishing piers have receptacles for dis-
carded fishing hooks and line to conveniently allow fishermen to dispose of their 
gear. Further, special interest groups such as zoos and aquariums and community 
groups regularly hold clean-up days around piers and along waterways. Ghost nets 
(discarded nets in the ocean and on beaches) are harder to collect due to their remote 
locations (on land or at sea) and the sheer size of many of the nets. In order to reduce 
the impacts of ghost nets, organisations such as the World Wildlife Foundation 
working with state and federal government agencies in Australia make available 
documents such as The Net Kit (World Wildlife Fund 2016), which guides an indi-
vidual on how to identify and report a discarded net as well as provides examples of 
known nets (purpose and origin) to give information that may aid management deci-
sions. In Australia, ghost nets more commonly impact the northern part of the coun-
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try, which is predominantly inhabited by seafaring indigenous communities. Their 
livelihoods are affected by these nets, as the ghost nets have the potential to reduce 
the population of dugong and sea turtles available for hunting. Consequently, pro-
grams have been put in place to employ indigenous communities to help report and 
remove these nets and also to repurpose the nets into saleable art and clothing, 
which in turn serves to increase awareness of this issue.

18.7  �Vessel Injury

Boat strike is a relatively common cause of sirenian mortality in places around the 
world where there are populations of people and sirenians in close proximity 
(Bossart et al. 2004; Buergelt et al. 1984; Lightsey et al. 2006; Joly et al. 2009; 
Greenland and Limpus 2007; Owen et al. 2012; Eros et al. 2000). Injury can result 
from sharp, penetrating trauma (e.g. from boat propellers) or from blunt concussive 
and percussive trauma (e.g. boat hull or skeg impacts) and can result in acute death 
due to extensive haemorrhage and tissue injury (Fig. 18.2). It appears dugong are 
more prone to overt external injuries caused by propeller cuts and Florida manatees 
more to the percussive internal injuries; both requiring different diagnostic 

Fig. 18.2  Injuries caused by a propeller from a large vessel resulting in lethal trauma to adult 
dugong (Image credit: Department of Environment and Heritage Protection StrandNet)
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approaches when determining the best course of monitoring, treatment and mitiga-
tion. Due to the dense nature of sirenian skin and bones, it is more common for boat 
strike to result in sublethal injuries (Yan et al. 2006a; Clifton et al. 2008a; Clifton 
et al. 2008b; Yan et al. 2006b). In dugong, injuries can be superficial but can lead to 
secondary infections and physical impediments. In Florida manatees, injuries often 
affect the lungs and bones (Lightsey et  al. 2006; Bossart et  al. 2004) producing 
potential lesions such as fractures, hydrothorax (fluid in the chest cavity), subcuta-
neous emphysema (air under the skin) and pneumothorax (air leaking from dam-
aged lungs or externally into the thorax). While not always fatal, these injuries and 
the subsequent pathologies which result will all hamper the animal’s ability to 
move, breathe, maintain a stable position in the water and dive. Secondary infec-
tions are common and include sepsis (septicaemia, circulating infection in the tis-
sues and bloodstream), pyothorax (infection and pus in the thorax), pleuritis 
(inflammation of the lung surface and internal rib cage) and pleuropneumonia 
(infection in and around the lungs), peritonitis (infection of the tissues which sur-
round the abdominal organs), osteomyelitis (infection within bone) and cellulitis 
(infections deep in the skin) (Harr et al. 2011; Buergelt et al. 1984; Bossart 2001; 
Lightsey et al. 2006; Walsh and Bossart 1999). These sequelae commonly result in 
chronic debility, and severe disease can take up to 18 months to resolve even with 
treatment in rehabilitation facilities (Bossart 2001). Given that not all boat strikes in 
dugong and manatees are visibly obvious to outside observers, welfare concerns 
arise. Individuals may evade detection and be left to suffer as they develop second-
ary conditions and are at risk of further injury, with reduced abilities to avoid vessels 
and to reduce negative interactions.

18.8  �Indirect Effects of Fisheries

Fisheries and vessels do not necessarily have to have direct contact with sireni-
ans to influence their well-being. It is possible that boat propellers, and some 
fishery practices such as bottom trawling, can result in damage to seagrass beds 
and destruction of habitat, causing overgrowth of unpalatable monocultures of 
aquatic vegetation and requiring animals to migrate to alternative sources of food 
(Marsh et  al. 2005; Chin 2005; Hines 2012; Marsh et  al. 2011; Spain and 
Heinsohn 1973; Marsh et  al. 1982; Coles et  al. 2007; Australian Institute of 
Marine Science 1996).

The noise associated with fishery (and recreational) vessels is also likely to 
adversely affect sirenian behaviour, with a high level of boat presence near a sea-
grass bed known to be grazed by sirenians being negatively correlated with seagrass 
bed usage (Miksis-Olds et al. 2007). A study by Miksis-Olds and Wagner (2011)  
demonstrated that Florida manatees spend more time feeding and less time milling 
and socialising when there are high levels of noise, possibly so they can reach their 
nutritional quota and leave the area as soon as possible. In general, these disruptions 
can lead to decreased socialisation, reduced feeding time in heavily trafficked areas, 
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changes in diving and surfacing behaviour, changes to the habitats visited based on 
boat traffic and possible separation of mother and calf pairs (Deutsch et al. 2009; 
Marsh et al. 2011; Hodgson and Marsh 2007).

18.9  �Sirenians as Target Species

Due to their coastal habitat preference, sirenians have been easily accessible to 
humans for hunting for thousands of years. This exploitation is thought to have 
contributed to the extinction of the Steller’s sea cow in the 1700s, with fishermen 
taking advantage of the naïve and slow moving beasts as easy prey (Marsh et al. 
2011). Globally, today this attitude has changed, and although manatees and dugong 
have historically been widely hunted for meat, skin, oil and bones, this practice is 
now largely prohibited by national governments. However, there are exceptions to 
this rule. Several countries still allow hunting of their sirenian species by indigenous 
communities as part of their traditional practices where the products are used for 
subsistence. In some countries, this provision extends past indigenous people. 
Current Brazilian legislation permits subsistence hunting by its citizens; but in the-
ory, this is only for those who can demonstrate dire need (Hines and Reynolds 2012; 
Marsh et al. 2011).

Dugong hunting is of cultural significance to Australian Aboriginals and Torres 
Strait Islanders in certain geographical regions, so hunting of dugong for subsis-
tence is currently allowed (Marsh et al. 1996; Heinsohn et al. 2004; Marsh et al. 
1981) under the Native Title Act, Environment Protection and Biodiversity 
Conservation Act and the Torres Strait Fisheries Act (Fig. 18.3). Under these terms, 
subsistence hunting of dugong and manatees in many global regions can include 
subsistence use for food, medicine, poison, cooking, lamp fuel, aphrodisiacs, jewel-
lery and charm production, carvings and leather products (Marsh et al. 2011).

Where sirenians are traditionally hunted, the welfare of the animal is usually a 
significant consideration by the hunters of any catch. For example, in the Torres 
Straits of Australia, the dugong is a totem animal for several island communities, and 
hunting is undertaken with a great deal of gravity and respect. The hunting of the 
dugong is described in detail by Marsh et al. (1981) and Marsh et al. (2011). In short, 
dinghies with outboard motors are used to locate a dugong. Once found, the engine 
is turned off, and the boat is allowed to drift towards the animal while it grazes in 
shallow water. Using only a hunting implement—a harpoon with a detachable 
pronged head called a “wap” (Marsh et al. 1981)—the animal is harpooned when it 
surfaces to breathe near the boat. While the dugong is surfacing, the harpooner uses 
his weight to drive the spear head into the animal’s integument (Marsh et al. 1981). 
The dugong then usually swims rapidly away with the head of the harpoon inserted 
in its skin. The head of the harpoon is tethered by a light rope, which draws out from 
the spear shaft as the animal swims away. The harpoon is held firmly by the hunter 
so as to not lose the animal. The speared dugong usually becomes exhausted within 
about 5 min of rapid swimming. As it is drawn close to the boat, its tail is braced 
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against the gunwale so the head is held under the water until it drowns (Marsh et al. 
1981). This usually takes about 3 to 5 min (Woolford et al. 2015). Once the carcass 
is returned to shore, the animal is butchered in a specific way as per each island’s 
custom. This tradition is gradually passed from elders to younger apprentice hunters 
as they come of age. In these cultures, traditional dugong hunting is considered an 
honourable occupation. This practice has been reviewed by animal welfare special-
ists and considered the most suitable currently available method practicable in the 
light of human safety and concerns about firearms in small boats (Helene Marsh, 
pers. comm.). The method also avoids the ‘struck and lost’ issues associated with 
shooting untethered animals; as is seen in other species hunted recreationally or pro-
fessionally (see Chap. 12, Human interactions with seals).

Unfortunately, illegal hunting and poaching of sirenians still occur in many areas. 
Harpoons are commonly used for illegal hunting in other parts of the world. Hunters 
have often identified and targeted sirenia feeding or mating sites and in some cases 
use more easily captured calves to lure their mothers close enough for the hunter to 
physically dispatch the animal. In some instances, once exhausted but not dead, the 
live animal is then brought to shore where it is killed either by stabbing or imparting 
blunt force to the head. Reports also describe some hunters in South America 

Fig. 18.3  Dugong meat obtained from the legal and sustainable harvest of dugong from Torres 
Strait. This harvest provides important cultural and provisioning services to the traditional peoples 
of the region, and their right to hunt is protected by an international treaty between Australia and 
Papua New Guinea (Image credit: Department of Environment and Heritage Protection StrandNet)
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plugging the nostrils of manatees with wooden pegs to obstruct breathing. In parts of 
Africa, manatees are still baited alive into wooden traps where they remain alive until 
the hunter arrives and kills them. Gillnets and fishing traps are also used for illegal 
hunting practices in some regions, where the animals drown or are killed when they 
become entangled in the nets and alert the poacher (Hines and Reynolds 2012). 
These kinds of nontraditional hunting are likely to result in distress during restraint 
and may be associated with opportunistic predation whilst the animals are held in 
traps or nets, resulting in extensive tissue damage before death occurs.

18.10  �Changing Attitudes of Fisheries

Along with the actual entanglement, dugong carcases have been found to have been 
mutilated post-mortem in what is believed to be an attempt by the fishermen to hide 
the carcases (Slater 1997). This type of activity is relatively common, and examples 
exist from around the world. The perception was that if fishermen were found to 
have caught dugong or manatees, they would be fined under various species protec-
tion laws and acts and have their enterprise closed down or be told to move to new 
sites, all of which represented a risk of lost time and money (Fig. 18.4). However, 

Fig. 18.4  A dugong carcass that was suspected to have been be gutted and an anchor and weights 
tied to its peduncle to encourage sinking and avoid being detected by management authorities. It 
was suspected this animal was originally caught in a fishing net, although this was not confirmed 
(Image credit: Department of Environment and Heritage Protection StrandNet)
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through open communication, these misperceptions have been addressed, and man-
agers and fishermen now more freely work together.

Due to extreme weather events in Queensland, Australia, during 2011, commer-
cial fisheries experienced changes in fish abundance and location compared with 
their normal catch sites. Understandably, to maintain their catch rate, fishermen 
relocated their nets to where the fish had moved. This change in location caused a 
change in the numbers of dugong exposed to fishery interactions, and over a short 
period of time, a dramatic increase in fishery-related captures and deaths occurred. 
These interactions were noticed through increased reports from fishermen, increased 
strandings of animals with signs of boat strike and increased rates of entanglement 
that were likely linked to the industry. As a result, the Queensland Government and 
Great Barrier Reef Marine Park Authority, in consultation with the fishery, set in 
place a moratorium and established temporary protection sites to prevent these 
interactions continuing to occur. Through this collaborative agreement, dugong 
were protected until the fish returned to their original location and the fisheries were 
saved the loss of time, product and income associated with sirenian interactions by 
knowing the locations where they could safely fish (Great Barrier Reef Marine Park 
Authority 2012).

Throughout the world there are zones in place around urbanised areas that are 
subject to recreational and commercial fishing and boating activities and are 
known sirenian habitats. These Go Slow Zones and Green Zones serve to either 
slow traffic down year-round, during certain seasons, or to exclude entry to an 
area or to certain activities, such as fishing, in an area—with the sole purpose of 
protecting dugong and manatees and other prominent sea creatures such as sea 
turtles and coral reefs. This form of habitat protection and zone enforcement has 
been shown to reduce the number of vessel strikes and negative fishery interac-
tions (Calleson 2014).

Finally, although there has been much controversy over the harvesting of 
dugong, manatees and sea turtles by indigenous people throughout the world, in 
many regions, indigenous communities value sirenians and chelonids as totem 
animals. With this respect comes the responsibility to only take what is needed for 
survival and to operate within their communities’ rules. However, with the advent 
of social media, aberrant behaviours, often by junior community members, have 
been posted and seen by the larger national community, and this has sometimes 
resulted in public outcry. One such event occurred in Australia in 2012 resulting 
in the changing of legislation, specifically Queensland’s Animal Care and 
Protection Act 2001. This change in the law meant that the act of hunting by tra-
ditional methods exposed the hunter to potential prosecution. The affected indig-
enous communities responded well to these changes, by both re-educating their 
junior hunters in the traditional way and by working with the government and 
researchers to find a mutually acceptable alternative hunting protocol. Further, 
indigenous communities often create agreements to govern between themselves 
and other communities, to prevent other communities from entering their lands 
and waters with the intention of hunting their sirenians and turtles. In this capac-
ity, indigenous communities can serve as protectors of their local dugong, mana-
tee and sea turtle populations.
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18.11  �Conclusions

Human use and, sometimes, misuse of the marine environment has resulted in sig-
nificant marine debris and fishery issues. While some of these issues are historic, 
and may be traced back thousands of years, others are recent and a consequence of 
our disposable, fast moving society producing abundant cheap plastics and other 
trash. However, societal awareness of the negative impacts associated with marine 
debris and unsustainable fishing practices is increasing, and the risks to sirenians are 
becoming more widely understood. Consequently, the attitudes of those who wish 
to change these practices to conserve the aquatic environment and its animals for 
future generations are becoming widely recognised as the only way forward.

References

Adimey NM, Hudak CA, Powell JR, Bassos-Hull K, Foley A, Farmer NA, White L, Minch K 
(2014) Fishery gear interactions from stranded bottlenose dolphins, Florida manatees and sea 
turtles in Florida, USA. Mar Pollut Bull 81(1):103–115. doi:10.1016/j.marpolbul.2014.02.008

Attademo F, Balensiefer D, Freire A, de Sousa G, da Cunha F, Luna F (2015a) Debris ingestion by 
the Antillean manatee (Trichechus manatus manatus). Mar Pollut Bull 101:284–287

Attademo FLN, Balensiefer DC, ACdB F, de Sousa GP, da FAGC C, FdO L (2015b) Debris inges-
tion by the Antillean manatee (Trichechus manatus manatus). Mar Pollut Bull 101(1):284–287. 
doi:10.1016/j.marpolbul.2015.09.040

Australian Government, Department of the Environment, Water, Heritage and the Arts (2009a) 
Background paper for the threat abatement plan for the impacts of marine debris on vertebrate 
marine life.

Australian Government, Department of the Environment, Water, Heritage and the Arts (2009b) 
Threat abatement plan for the impacts of marine debris on vertebrate marine life.

Australian Institute of Marine Science (1996) Data/AIMS ProjectNET  - Index/Seagrasses/. 
Australian Government, Australian Institute of Marine Science. http://www.aims.gov.au/docs/
projectnet/seagrasses.html. Accessed 21 Mar 2016

Beck CA, Barros NB (1991) The impact of debris on the Florida manatee. Mar Pollut Bull 
22(10):508–510. doi:10.1016/0025-326x(91)90406-i

Bjorndal KA, Bolten AB, Lagueux CJ (1994) Ingestion of marine debris by juvenile sea turtles in 
coastal Florida habitats. Mar Pollut Bull 28(3):154–158. doi:10.1016/0025-326X(94)90391-3

Bossart G (2001) Manatees. In: Dierauf L, Gulland F (eds) CRC handbook of marine mammal 
medicine: health, disease and rehabilitation, Second edn. CRC Press, Boca Raton, FL, 
pp 939–960

Bossart G, Meisner R, Rommel S, Lightsey J, Varela R, Defran R (2004) Pathologic findings in 
Florida manatees (Trichechus manatus latirostris). Aquat Mamm 30(3):434–440

Buergelt CD, Bonde RK, Beck CA, O’Shea TJ (1984) Pathologic findings in manatees in Florida. 
J Am Vet Med Assoc 185(11):1331

Calleson CS (2014) Issues and opportunities associated with using manatee mortality data to eval-
uate the effectiveness of manatee protection efforts in Florida. Endanger Species Res 
26(2):127–136. doi:10.3354/esr00638

Chin A (2005) Seagrasses. In: Chin A (ed) State of the great barrier reef on-line. Great Barrier Reef 
Marine Park Authority Townsville, Queensland. http://www.gbrmpa.gov.au/corp_site/info_
services/publications/sotr/seagrasses/index.html

H. Owen et al.

http://dx.doi.org/10.1016/j.marpolbul.2014.02.008
http://dx.doi.org/10.1016/j.marpolbul.2015.09.040
http://www.aims.gov.au/docs/projectnet/seagrasses.html
http://www.aims.gov.au/docs/projectnet/seagrasses.html
http://dx.doi.org/10.1016/0025-326x(91)90406-i
http://dx.doi.org/10.1016/0025-326X(94)90391-3
http://dx.doi.org/10.3354/esr00638
http://www.gbrmpa.gov.au/corp_site/info_services/publications/sotr/seagrasses/index.html
http://www.gbrmpa.gov.au/corp_site/info_services/publications/sotr/seagrasses/index.html


329

Clifton K, Yan J, Mecholsky J, Reep R (2008a) Material properties of manatee rib bone. J Zool 
274(2):150–159

Clifton KB, Reep RL, Mecholsky JJ Jr (2008b) Quantitative fractography for estimating whole 
bone properties of manatee rib bones. J Mater Sci 43(6):2026–2034

Coles RG, McKenzie L, Rasheed M, Mellors J, Taylor H, Dew K, McKenna S, Sankey T, Carter 
A, Grech A (2007) Status and trends of seagrass habitats in the great barrier reef world heritage 
area. Department of Primary Industries and Fisheries, Australia

Derraik JGB (2002) The pollution of the marine environment by plastic debris: a review. Mar 
Pollut Bull 44(9):842–852. doi:10.1016/S0025-326X(02)00220-5

Deutsch CJ, Rycyk A, Barlas ME, Nowacek DP, Koslovsky SM, Frisch K (2009) Final progress 
report to Florida Fish and Wildlife Conservation Commission. Project contract no. 021426 to 
Florida State University.

Eros C, Marsh H, Bonde R, Beck C, O’Shea T, Recchia C, Dobbs K (2000) Procedures for the 
salvage and necropsy of the dugong (Dugong dugon). vol Reseach Publication No. 64.

Forrester DJ, White FH, Woodard JC (1975) Intussusception in a Florida manatee. J Wildl Dis 
11:566–568

Gall SC, Thompson RC (2015) The impact of debris on marine life. Mar Pollut Bull 92(1–2):170–
179. doi:10.1016/j.marpolbul.2014.12.041

Goldberg ED (1995) The health of the oceans  - a 1994 update. Chem Ecol 10(1–2):3–8. 
doi:10.1080/02757549508035325

Goldberg ED (1997) Plasticizing the seafloor: an overview. Environ Technol 18(2):195–201. 
doi:10.1080/09593331808616527

Great Barrier Reef Marine Park Authority (2012) Australian Government. http://www.gbrmpa.gov.
au/managing-the-reef/threats-to-the-reef/extreme-weather/ecosystem-impacts/dugong-and-
turtle-strandings. Accessed 31 Mar 2016

Greenland J, Limpus C (2007) Marine wildlife stranding and mortality database annual report 
2007 I. Dugong. Queensland Government. Environmental Protection Agency, Australia

Hansen J (1990) Draft position statement on plastic debris in marine environments. Editorial Page 
15(3):16

Harr KE, Rember R, Ginn PE, Lightsey J, Keller M, Reid J, Bonde RK (2011) Serum amyloid a 
(SAA) as a biomarker of chronic infection due to boat strike trauma in a free-ranging Florida 
manatee (Trichechus manatus latirostris) with incidental polycystic kidneys. J  Wildl Dis 
47(4):1026–1031

Heinsohn G (1972) A study of dugongs (Dugong dugon) in northern Queensland, Australia. Biol 
Conserv 4:205–213

Heinsohn GE, Marsh H, Spain AV (1976) Extreme risk of mortality to dugongs (mammalia: sire-
nia) from netting operations. Wildl Res 3(2):117. doi:10.1071/WR9760117

Heinsohn R, Lacy RC, Lindenmayer DB, Marsh H, Kwan D, Lawler IR (2004) Unsustainable 
harvest of dugongs in Torres Strait and Cape York (Australia) waters: two case studies using 
population viability analysis. Anim Conserv 7:417–425. doi:10.1017/s1367943004001593

Hines E (2012) Dugongs in Asia. In: Hines E, Reynolds J, Mignucci-Giannoni A, Aragones L, 
Marmontel M (eds) Sirenian conservation: issues and strategies in developing countries. 
University Press of Florida, Gainsville

Hines E, Reynolds J III (2012) Sirenian conservation: issues and strategies in developing countries. 
University Press of Florida, Gainsville

Hodgson AJ, Marsh H (2007) Response of dugongs to boat traffic: the risk of disturbance and 
displacement. J Exp Mar Biol Ecol 340(1):50–61. doi:10.1016/j.jembe.2006.08.006

Joly DO, Heisey DM, Samuel MD, Ribic CA, Thomas NJ, Wright SD, Wrigh IE (2009) Estimating 
cause-specific mortality rates using recovered carcasses. J Wildl Dis 45(1):122–127

Laist DW (1987) Overview of the biological effects of lost and discarded plastic debris in the 
marine environment. Mar Pollut Bull 18(6, Supplement B):319–326. doi:10.1016/
S0025-326X(87)80019-X

18  Impacts of Marine Debris and Fisheries on Sirenians

http://dx.doi.org/10.1016/S0025-326X(02)00220-5
http://dx.doi.org/10.1016/j.marpolbul.2014.12.041
http://dx.doi.org/10.1080/02757549508035325
http://dx.doi.org/10.1080/09593331808616527
http://www.gbrmpa.gov.au/managing-the-reef/threats-to-the-reef/extreme-weather/ecosystem-impacts/dugong-and-turtle-strandings
http://www.gbrmpa.gov.au/managing-the-reef/threats-to-the-reef/extreme-weather/ecosystem-impacts/dugong-and-turtle-strandings
http://www.gbrmpa.gov.au/managing-the-reef/threats-to-the-reef/extreme-weather/ecosystem-impacts/dugong-and-turtle-strandings
http://dx.doi.org/10.1071/WR9760117
http://dx.doi.org/10.1017/s1367943004001593
http://dx.doi.org/10.1016/j.jembe.2006.08.006
http://dx.doi.org/10.1016/S0025-326X(87)80019-X
http://dx.doi.org/10.1016/S0025-326X(87)80019-X


330

Lightsey JD, Rommel SA, Costidis AM, Pitchford TD (2006) Methods used during gross necropsy 
to determine watercraft-related mortality in the Florida manatee (Trichechus manatus latiros-
tris). J Zoo Wildl Med 37(3):262–275. doi:10.1638/04-095.1

Marsh H, Channells P, Heinsohn G, Morrissey J (1982) Analysis of stomach contents of dugongs 
from Queensland. Wildl Res 9(1):55–67. doi:10.1071/WR9820055

Marsh H, Corkeron P, Lawler I, Preen A, Lanyon J (1996) The status of the dugong in the southern 
great barrier reef Marine Park, vol 41. Great Barrier Reef Marine Park Authority, Townsville

Marsh H, De’Ath G, Gribble N, Lane B (2005) Historical marine population estimates: triggers or 
targets for conservation? The dugong case study. Ecol Appl 15(2):481–492. 
doi:10.1890/04-0673

Marsh H, Gardner BR, Heinsohn GE (1981) Present-day hunting and distribution of dugongs in 
the Wellesley islands (Queensland) - implications for conservation. Biol Conserv 19(4):255–
267. doi:10.1016/0006-3207(81)90002-1

Marsh H, O’Shea TJ, Reynolds JJI (2011) Threats. In: Ecology and conservation of the Sirenia. vol 
Conservation biology. Cambridge University Press, Cambridge, New  York. doi:10.1017/
CBO9781139013277

Mato Y, Isobe T, Takada H, Kanehiro H, Ohtake C, Kaminuma T (2001) Plastic resin pellets as a 
transport medium for toxic chemicals in the marine environment. Environ Sci Technol 
35(2):318–324. doi:10.1021/es0010498

Miksis-Olds JL, Donaghay PL, Miller JH, Tyack PL, Nystuen JA (2007) Noise level correlates 
with manatee use of foraging habitats. J  Acoust Soc Am 121(5):3011–3020. 
doi:10.1121/1.2713555

Miksis-Olds JL, Wagner T (2011) Behavioral response of manatees to variations in environmental 
sound levels. Marine Mammal Science 27(1):130–148.

Moore MJ, van der Hoop JM (2012) The painful side of trap and fixed net fisheries: chronic 
entanglement of large whales. J Mar Biotechnol 2012:4. doi:10.1155/2012/230653

O’Shea TJ, Beck CA, Bonde RK, Kochman HI, Odell DK (1985) An analysis of manatee mortality 
patterns in Florida, 1976-81. J Wildl Manag 49(1):1–11. doi:10.2307/3801830

Owen H, Gillespie A, Wilkie I (2012) Postmortem findings from dugong (Dugong dugon) submis-
sions to the University of Queensland: 1997-2010. J  Wildl Dis 48(4):962–970. 
doi:10.7589/2011-03-080

Ryan PG (1987) The origin and fate of artefacts stranded on islands in the African sector of the 
southern ocean. Environ Conserv 14(04):341–346. doi:10.1017/S0376892900016854

Sheavly S, Register K (2007) Marine debris & plastics: environmental concerns, sources, impacts 
and solutions. J Polym Environ 15(4):301–305

Slater J (1997) The legal and policy issues involved in protecting a population of dugongs (Dugong 
dugon) from Gill Netting in Shoalwater Bay, of the Great Barrier Reef World Heritage Area. 
Paper presented at the 16th Annual National Environmental Law Conference, Adelaide South 
Australia 3–5 April 1997.

Spain AV, Heinsohn GE (1973) Cyclone associated feeding changes in the dugong (Mammalia: 
sirenia). Mammalia 37:678–680

STAP (2011) Marine debris as a global environmental problem: introducing a solutions based 
framework focused on plastic. A STAP Information Document, Washington, DC

Stefatos A, Charalampakis M, Papatheodorou G, Ferentinos G (1999) Marine debris on the sea-
floor of the Mediterranean Sea: examples from two enclosed gulfs in Western Greece. Mar 
Pollut Bull 38(5):389–393. doi:10.1016/S0025-326X(98)00141-6

Threatened Species Scientific Committee (2003) Injury and fatality to vertebrate marine life 
caused by ingestion of, or entanglement in, harmful marine debris. Advice to the Minister for 
Environment and Heritage from the Threatened Species Scientific Committee on a public nom-
ination of a Key Threatening Process under the Environment Protection and Biodiversity 
Conservation Act 1999. Australian Government, Department of the Environment. http://www.
environment.gov.au/biodiversity/threatened/ktp/marine-debris.html. Accessed 17 March 2016

Walsh M, Bossart G (1999) Manatee medicine. In: Fowler M, Miller R (eds) Zoo and wild animal: 
current therapy. W.B. Saunders, Philadelphia, Pennsylvania, p 747

H. Owen et al.

http://dx.doi.org/10.1638/04-095.1
http://dx.doi.org/10.1071/WR9820055
http://dx.doi.org/10.1890/04-0673
http://dx.doi.org/10.1016/0006-3207(81)90002-1
http://dx.doi.org/10.1017/CBO9781139013277
http://dx.doi.org/10.1017/CBO9781139013277
http://dx.doi.org/10.1021/es0010498
http://dx.doi.org/10.1121/1.2713555
http://dx.doi.org/10.1155/2012/230653
http://dx.doi.org/10.2307/3801830
http://dx.doi.org/10.7589/2011-03-080
http://dx.doi.org/10.1017/S0376892900016854
http://dx.doi.org/10.1016/S0025-326X(98)00141-6
http://www.environment.gov.au/biodiversity/threatened/ktp/marine-debris.html
http://www.environment.gov.au/biodiversity/threatened/ktp/marine-debris.html


331

Woolford L, Franklin C, Whap T, Loban F, Lanyon JM (2015) Pathological findings in wild har-
vested dugongs Dugong dugon of Central Torres Strait, Australia. Dis Aquat Org 113(2):89–
102. doi:10.3354/dao02825

World Wildlife Fund (2016) The Net Kit. http://awsassets.wwf.org.au/downloads/mo001_the_net_
kit_1dec02.pdf. Accessed 17 March 2016

Yan J, Clifton KB, Mecholsky JJ, Reep RL (2006a) Fracture toughness of manatee rib and bovine 
femur using a chevron-notched beam test. J  Biomech 39(6):1066–1074. doi:10.1016/j.
jbiomech.2005.02.016

Yan J, Clifton KB, Reep RL, Mecholsky JJ (2006b) Application of fracture mechanics to failure in 
manatee rib bone. J Biomech Eng 128(3):281–289. doi:10.1115/1.2187044

18  Impacts of Marine Debris and Fisheries on Sirenians

http://dx.doi.org/10.3354/dao02825
http://awsassets.wwf.org.au/downloads/mo001_the_net_kit_1dec02.pdf
http://awsassets.wwf.org.au/downloads/mo001_the_net_kit_1dec02.pdf
http://dx.doi.org/10.1016/j.jbiomech.2005.02.016
http://dx.doi.org/10.1016/j.jbiomech.2005.02.016
http://dx.doi.org/10.1115/1.2187044


333© Springer International Publishing AG 2017 
A. Butterworth (ed.), Marine Mammal Welfare, Animal Welfare 17, 
DOI 10.1007/978-3-319-46994-2_19

Chapter 19
Impact of Climate Change and Loss  
of Habitat on Sirenians

Helene Marsh, Eduardo Moraes Arraut, Lucy Keith Diagne, Holly Edwards, 
and Miriam Marmontel

Abstract  Although the impacts of climate change on the welfare of individual mana-
tees and dugongs are still uncertain, the effects are likely to be through indirect interac-
tions between meteorological and biotic factors and the human responses to climate 
change. We divided the potential impacts into (1) those that will potentially affect 
sirenians directly including temperature increases, sea-level rise, increased intensity of 
extreme weather events and changes in rainfall patterns and (2) indirect impacts that 
are likely to cause harm through habitat loss and change and the increase in the likeli-
hood of harmful algal blooms and disease outbreaks. The habitat modification accom-
panying sea-level rise is likely to decrease the welfare of sirenians including increased 
mortality. Many species of tropical seagrasses live close to their thermal limits and will 
have to up-regulate their stress-response systems to tolerate the sublethal temperature 
increases caused by climate change. The capacity of seagrass species to evoke such 
responses is uncertain, as are the effects of elevated carbon dioxide on such acclima-
tion responses. The increase in the intensity of extreme weather events associated with 
climate change is likely to decrease the welfare of sirenians through increased mortality 
from strandings, as well as habitat loss and change. These effects are likely to increase 
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the exposure of sirenians to disease and their vulnerability to predators, including 
human hunters. Climate-related hazards will also exacerbate other stressors, especially 
for people living in poverty. Thus the risks to sirenians from climate change are likely 
to be greatest for small populations of dugongs and manatees occurring in low-income 
countries. The African manatee will be particularly vulnerable because of the high 
levels of human poverty throughout most of its range resulting in competition for 
resources, including protein from manatee meat.

19.1  �Introduction

The impacts of climate change on the welfare of individual manatees and dugongs 
have not been well explored and are still uncertain (Marsh et al. 2011). The effects are 
likely to be through indirect interactions between meteorological and biotic factors 
and the human responses to climate change. Consequently, the impacts of climate 
change and resultant shift in habitats are likely to be significant for sirenian species.

A simplistic view of the effects of human-induced climate change on sea levels 
and water temperatures is that they may be beneficial to sirenians. Increased water 
levels and temperatures could likely allow extension of the ranges of all extant spe-
cies (e.g. see Lawler et al. 2007). With the exception of the extinct Steller’s sea cow, 
sirenians have typically been restricted to tropical and subtropical waters through-
out their evolutionary history (Marsh et  al. 2011). Climate changes during the 
Pleistocene resulted in a northward expansion of manatees in North America 
(Marsh et al. 2011). However, our analysis of the available literature and data indi-
cates that the impacts will be complex (Fig. 19.1), and on balance, we think climate 
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and Change
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Animal Welfare
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Fig. 19.1  Diagrammatic representation of the direct and indirect effects of climate change on the 
welfare of sirenians. The impact of these changes is likely to be spatially heterogeneous. In some 
areas, climate change could have a beneficial effect on sirenians (Image credit: Elizabeth Collier 
and Helene Marsh)
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change is likely to have adverse effects on the welfare of manatees and dugongs by 
increasing mortality and reducing fecundity, hence increasing the likelihood of 
local extinctions.

In this brief review, we divide the potential impacts into (1) those that will poten-
tially affect sirenians directly, including temperature increases, sea-level rise, 
increased intensity of extreme weather events and changes in rainfall patterns, and 
(2) indirect impacts that are likely to cause harm through habitat loss and change and 
the increase in the likelihood of harmful algal blooms and disease outbreaks. The 
anthropogenic responses to such changes will likely exacerbate these impacts on 
manatees and dugongs and have adverse effects on the welfare of individual animals 
(Fig. 19.1).

19.2  �Direct Effects of Climate Change on Sirenians: 
Temperature Increases

According to the Intergovernmental Panel on Climate Change (IPCC, Church et al. 
2013), each of the last three decades has been warmer than any preceding decade 
since 1850. The current estimates of globally averaged land and ocean surface tem-
perature show a warming of 0.85 °C. Over the next 35 years, global mean surface 
temperatures will likely increase by 0.3 to 0.7 °C and are likely to exceed 1.5 °C by 
the end of the twenty-first century (Church et  al. 2013). Warming of the oceans 
dominates the increase in energy stored in the climate system and accounts for more 
than 90% of the energy accumulated between 1971 and 2010 (Church et al. 2013). 
Worldwide, surface ocean waters have warmed by about 0.1 °C per decade over the 
last 45  years. Since the 1950s, areas of high surface salinity, where evaporation 
dominates, have become more saline and areas of low salinity, where precipitation 
dominates, have become fresher (Church et  al. 2013). These regional trends in 
ocean salinity provide indirect evidence for changes in evaporation and precipita-
tion over the oceans (IPCC 2014). These changes will in turn lead to alterations in 
ocean currents, mixing and ventilation (Doney et al. 2012). On a broad scale, rising 
sea surface temperatures are contributing to numerous changes, including sea-level 
rise, increased ocean stratification, altered patterns of ocean circulation, precipita-
tion and freshwater input (Doney et al. 2012), resulting in loss of the habitat needed 
for the survival of manatees and dugongs.

The capacity of climate change models to predict changes at local scales is 
improving but is still limited and geographically uneven, a situation exacerbated 
by the variable longevity and quality of temperature records. For example, 
although long-term water temperature records are difficult to find for any region 
in Africa, it is clear that rising air temperatures and other factors associated with 
climate change such as deforestation leading to erosion will increase water tem-
peratures as well. Temperatures in Africa are projected to rise faster than the 
global average increase during the twenty-first century (IPCC 2014). In the 
Sahel, air temperatures reach 42 °C at the hottest time of the year, and water 
temperatures of 33 °C have been recorded in African manatee areas (L. Keith 
Diagne unpublished data).
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The temperatures of the freshwater ecosystems of the Amazon are also expected 
to increase with climate change (Killeen and Solórzano 2008). Higher temperatures 
stimulate algal growth, bacterial metabolism, nutrient cycling rates and macrophyte 
growth, resulting in an increase in trophic status. The release of nutrients from the 
death of this increased biomass, in turn, is expected to cause a feedback loop in 
which lake trophic status in general and macrophyte growth in particular are further 
increased (Ficke et al. 2007). Although it is unlikely that the current Amazonian 
manatee population is limited by food availability, the above scenario suggests that 
forage will be more abundant, widespread and, possibly, of better quality. The sur-
vival of Amazonian manatees might thus have the potential to improve, but the 
situation is likely to be very complex and geographically heterogeneous, as 
explained below.

Manatees and dugongs have limited morphological and physiological capacity to 
regulate their body temperatures without considerable metabolic cost (Elsner 1999). 
For example, Florida manatees (Irvine 1983), and likely other sirenians (but see 
Lanyon et al. 2006 for dugongs), have low metabolic rates. Dugongs have a limited 
blubber layer but well-developed dermis (Horgan et al. 2014). As a result of mor-
phological and physiological limitations, the thermo-neutral zone (the temperature 
range within which the animal does not require to make regulatory changes in meta-
bolic heat production or loss) of Amazonian manatees is estimated to be from only 
23 to 32.5 °C (Gallivan et al. 1983), whilst the lower limit of the thermo-neutral 
zone of the Florida manatee is only 20 °C (Irvine 1983). The thermal-neutral zone 
of the other extant sirenians is not known, but their geographic distributions suggest 
that their thermal tolerances are also likely to be narrow and less than those of 
pinnipeds and cetaceans (Costa and Williams 1999).

Most of the work on the effects of water temperature on the welfare of sireni-
ans has been on the effects of temperatures cooler than their thermo-neutral zone 
(see Marsh et al. 2011 for summary). Environmental temperatures that exceed the 
upper boundary of the thermo-neutral zone also result in an increase in metabolic 
rate as a consequence of the additional work required to rid the body of excess 
heat (Costa and Williams 1999). The direct effects of and risks from warmer water 
on the welfare of sirenians warrants further investigation. The indirect effects are 
considered below.

19.3  �Sea-Level Rise

Sea levels are expected to rise by 8–16 mm/yr by the year 2100 as a result of ocean 
thermal expansion and glacier melting (IPCC 2014). It is virtually certain that sea-
level rise will continue for many centuries past 2100. The capacity for sirenian habi-
tats to expand with rising water levels, and at local scales, will depend on the coastal 
and riparian (the interface between land and river) infrastructure.

Many coastal low-lying regions that support manatees and dugongs are at risk. 
For example, Florida is extremely vulnerable to sea-level rise and could lose as 
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much as 10% of its land area under future climate conditions. With a 1–2 m rise 
predicted in the next 88 years (Rahmstorf 2010; Parris et al. 2012), many of the 
thermal refuges (see Fig. 19.6) used by Florida manatees will be inundated, includ-
ing six of the seven most widely used industrial sites, several smaller power plants 
and the largest passive thermal refuge. Many of these industrial sites are likely to 
be moved or have their operations limited in response to sea-level rise. Loss or 
reduction of the warm-water discharge produced at these sites as a byproduct of 
their cooling systems will inevitably reduce their carrying capacity for Florida 
manatees during the colder months when thousands of manatees seek refuge in 
these industrially warmed waters. This increased mortality due to loss of warm 
water could potentially limit the size and growth of the Florida manatee population 
(Edwards 2013).

Saltwater intrusion from sea-level rise, or from storm surges, can have significant 
negative impacts on sirenian species. Intrusion along with lower spring flows could 
reduce or eliminate the viability of natural springs as warm-water refuges for mana-
tees. Nonetheless, some spring flows may increase due to sea-level rise and saltwa-
ter intrusion. In addition, lower stream spring flows could reduce the dilution of 
streams and rivers, concentrating salts and other pollutants (Bloetscher et al. 2009) 
or dry up spring runs altogether, isolating manatees from these much needed 
resources (Edwards 2013). In West Africa, rising sea levels would increase salinity 
intrusion in coastal lagoons and lakes, including very important manatee habitats in 
the extensive coastal lagoons of Gabon, Ivory Coast and Nigeria (Lucy Keith Diagne 
pers. comm.)

Arora and Boer (2001) predict a decrease in runoff and annual discharge of the 
Amazon River of approximately 34% by the end of this century. In association with 
sea-level rise, this decrease may cause saltwater intrusion and changes in water 
chemistry in the Amazon’s lowland and delta regions (Ficke et al. 2007). Sea-level 
rise also increases the severity and area of impact of surges associated with severe 
coastal storms (Hamilton 2010). These changes would affect manatee distribution 
in the mouth of the Amazon, an area of sympatry (coexistence in a shared area) of 
Amazonian and West Indian manatees, and could result in habitat alteration, loss of 
food resources, episodes of separation of mother and calf pairs and eventual death 
of animals.

Thus we predict that the net effect of sea-level rise will decrease the welfare of 
sirenians through habitat modification leading to increased mortality.

19.4  �Changes in Ocean Chemistry

The accumulation of carbon dioxide in the atmosphere is increasing carbon dioxide 
concentrations in seawater. Roughly half of all anthropogenic carbon dioxide emit-
ted since the industrial revolution has dissolved into ocean water leading to a 
decrease in pH (acidification) and a change in the water chemistry (Errera et  al. 
2014). Koch et  al. (2013) reviewed relevant literature and concluded that the 
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photosynthetic and growth rates of seagrasses are likely to increase under elevated 
carbon dioxide. However, as discussed below, many species of tropical seagrasses 
live close to their thermal limits and will have to up-regulate their stress-response 
systems to tolerate the sublethal temperature increases caused through climate 
change. The effects of elevated carbon dioxide on the capacity of various species of 
seagrass to acclimate to increased sea temperatures are unknown. For these reasons, 
the impacts on the welfare of dugongs and manatees from the changes in ocean 
chemistry, and on seagrasses, resulting from climate change are, as yet, impossible 
to predict.

19.5  �Increase in the Intensity of Extreme Weather Events

Global climate change is also likely to result in increased intensity of severe storms 
(Webster et al. 2005; Florida Oceans and Coastal Council 2010; Bender et al. 2010, 
Geophysical Fluid Dynamics Laboratory/NOAA 2015). Such storms are likely to 
be associated with higher rainfall rates than the present day, and these events may 
cause runoff into coastal regions smothering seagrasses, flushing toxins into water-
ways and altering the local habitat through increased water flow. These factors are 
all associated with creating stressors for sirenian species.

Records of Atlantic hurricane activity show that there is a correlation between 
local tropical Atlantic sea surface temperatures and the Power Dissipation Index (a 
measure of Atlantic hurricane activity which combines frequency, intensity and 
duration of hurricanes). Both sea surface temperatures and the Power Dissipation 
Index have risen sharply since the 1970s, and there is evidence that in recent years, 
the levels of the Power Dissipation Index are higher than in the previous active 
Atlantic hurricane era of the 1950s and 1960s (Geophysical Fluid Dynamics 
Laboratory/NOAA 2015). This evidence suggests that there may be a large anthro-
pogenic influence on Atlantic hurricanes, which could have profound implications, 
since big increases in tropical Atlantic sea surface temperatures projected for the 
late twenty-first century would translate to substantial increases in hurricane 
destructiveness (~300% increase in the Power Dissipation Index by 2100; 
Geophysical Fluid Dynamics Laboratory/NOAA 2015).

As a result of climate change, the coastal United States is expected to experience 
more intense storms and possible changes in the El Niño cycle (Scavia et al. 2002; 
Emanuel 2005). Since 1996, the frequency of hurricane landfalls in the Southeastern 
United States has increased, and this pattern of elevated hurricane activity could 
continue (Goldenberg et al. 2001; Webster et al. 2005; Mallin and Corbett 2006). 
Under climate change, higher sea levels coupled with more intense storms could 
impact Florida manatee mortality both indirectly through impacts to habitats (see 
below) or directly through storm effects. Florida manatees have lower survival dur-
ing years with intense storms or hurricanes (Langtimm and Beck 2006). The mecha-
nisms that caused mortality are unknown but likely vary with timing, intensity and 
duration of the storms.
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Global models indicate that similar patterns will be seen in other parts of the 
ranges of sirenians. It is believed that the increase of category 4–5 storms (Bender 
et al. 2010) will outweigh the effects of the overall decreasing number of storms, 
and it is estimated that there will be a 30% increase in potential damage. However, 
these climate change increases in storm intensity are not projected to occur for sev-
eral decades. Coupling this change with sea-level rise, the impacts to coastal areas 
used by sirenians are expected to increase over time. Direct mortality of dugongs 
due to tropical cyclones has been documented (Heinsohn and Spain 1974) including 
strandings in receding high waters after a storm surge (Marsh 1989). Such direct 
impacts from extreme weather events are expected to increase along with the indi-
rect impacts on the habitats of manatees and dugongs explained below.

Meager and Limpus (2014) point out that there are several lines of evidence to 
suggest that the health of dugongs (like Florida manatees) is limited by cooler tem-
peratures at the southern limits of their range. Not only do dugongs move in response 
to water temperature (Allen et al. 2004; Sheppard et al. 2006), but cold stress syn-
drome has been described in dugongs in Moreton Bay (Owen et al. 2013), at the 
southern limit of their temperature range in Australia. Nonetheless, lagged mini-
mum air temperature also explained mortality of dugongs in the tropical Townsville 
region suggesting that impacts on health may result from the associated impacts of 
freshwater discharge on seagrass rather than temperature per se (Meager and Limpus 
2014), although the change in water temperature may be a contributing factor.

Some models also predict an increase or persistence in wintertime cold-air out-
breaks with climate change (Easterling et al. 2000; Walsh et al. 2001). Manatees in 
Florida occur at the northern limit of the species’ range in the temperate and sub-
tropical regions of the Southeastern United States. Manatees are poorly adapted to 
the cold and have a relatively narrow thermo-neutral zone, as explained above. 
Chronic exposure to water less than ~18°–20°-C can lead to cold stress, a condition 
that can, for example, result in emaciation, dehydration, skin lesions, gastrointesti-
nal disorders and death (Bossart et  al. 2003). Under current climatic conditions, 
water temperatures in much of Florida periodically drop below thresholds that man-
atees can tolerate for extended periods (Laist and Reynolds 2005). Climate scenar-
ios for Florida predict that these events will continue in the future. A significant 
number of cold-related mortalities of Florida manatees have been documented 
(1130 deaths from 1986 to 2015; Florida Fish and Wildlife Conservation Commission 
unpublished data). The cold-related die-off in the winter of 2010 was the most nota-
ble, due to its geographic extent and the number of related manatee mortalities 
(Edwards 2013). Two-hundred and eighty (280) manatees died of cold stress during 
a 3-month period; for 197 others, the cause of death could not be determined, but the 
timing of the deaths and the location of the carcasses suggest that most were also a 
result of the cold. An additional 49 manatees were rescued for treatment of cold 
stress during that period (Barlas et al. 2011).

The Amazon basin experiences an extreme flood or drought at approximately 
10-year intervals, and as recently as 2005 and 2010, two droughts heavily affected 
riverine life (Marengo et al. 2011). During extreme drought periods, river water levels 
decrease, lakes become shallow or even dry up, and manatees become more vulnerable 
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to hunting (Miriam Marmontel and Eduardo Moraes Arraut, pers. obs.) as discussed 
below (Fig. 19.2). Under prolonged drought conditions, aquatic plants do not survive, 
and manatees resort to ingesting organic matter from the bottom, and consuming sedi-
ment in large quantities, a practice which may cause death by obstruction of the intes-
tine (Miriam Marmontel pers. obs.). One of the scenarios for the hydrological cycle in 
the Amazon basin associated with climate change (Sorribas et al. 2016) predicts that 
extreme droughts will become more frequent and recurrent in the region. If this sce-
nario prevails, not only will there be more frequent years in which manatee forage is 
extremely scarce, but manatees will also suffer from more frequent and prolonged 
periods of vulnerability to predation, especially hunting as discussed below.

Thus the increase in the intensity of extreme weather events associated with climate 
change is likely to decrease the welfare of sirenians through increased mortality.

19.6  �Changes in Rainfall Patterns

Patterns of precipitation are expected to change in intensity and variability as a 
result of climate change. Some areas will get wetter, others drier, as explained by 
Christensen et al. (2013). The global monsoon is likely to strengthen in area and 
intensity, and the likelihood of precipitation extremes is likely to increase. The El 

Fig. 19.2  Amazon basin in a severe drought showing the fragmentation of the water courses 
inhabited by manatees. Such fragmentation can result in an increase in hunting (Image credit: 
Eduardo Arraut)
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Niño-Southern Oscillation (ENSO) will remain the dominant mode of interannual 
variability, and the associated precipitation variability that comes with El Niño will 
likely intensify. Severe tropical storms are expected to increase in intensity as men-
tioned above, with an increase in precipitation rates.

About 20% of Florida, manatees use natural sites as sources of warm water in 
winter (e.g. natural springs and warm-water seeps). A major concern is that climatic 
variation may alter the hydrological cycle that replenishes the Florida aquifers that 
feed these natural springs (Bloetscher et al. 2009; Edwards 2013) causing them to 
cease operating.

The African manatee occupies the widest range of habitats of any sirenian. The 
waterways used by manatees range from lagoons within equatorial rainforests in 
Central Africa to rivers at the edge of the Sahara Desert, to coastal mangrove channels 
and islands in the Atlantic Ocean. Throughout their range, African manatees migrate 
seasonally, based upon changes in water levels, moving up flooded rivers during annual 
rainy seasons to exploit food resources that are unavailable during dry seasons (Powell 
1996; Keith Diagne 2015). Climate change in West and Central Africa is predicted to 
make dry areas drier and wet areas wetter, with longer and more frequent dry periods 
(Christensen et al. 2013). Therefore, manatee habitat in Central Africa may increase, 
but habitat loss due to drying and desertification will likely occur in the northern part 
of the species’ range. Manatee populations in Mali, Niger, Senegal, Mauritania, Chad 
and Northern Nigeria are likely to be the most affected by desertification (Figs. 19.3). 

Fig. 19.3  The Senegal River is the boundary between Senegal, Mauritania and Mali, and its flow 
is now controlled by the Manantali Dam. This view of the river in the dry season shows the greatly 
reduced habitat for manatees that could become more severe with increasing desertification (Image 
credit: Lucy Keith Diagne)
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There has been a well-documented decrease in rainfall in the Sahel since the late 1960s 
(IPCC 2014), coupled with an increasing human demand that draws more and more 
water from rivers. Over timescales measured in decades, rainfall in the Sahel is also 
affected by sea surface temperatures, with rising ocean temperatures leading to 
decreased rainfall (IPCC 2014). Climate models predict an increase 1.0–1.9  °C in 
mean air temperature by 2050, and evaporation rates across Africa are projected to 
increase 5–10% during the same timeframe (Gaye et al. 2013). Rainfall in West and 
Central Africa is also known to be influenced by the El Niño-Southern Oscillation 
(ENSO), the Atlantic Niño and the Mediterranean Sea (Wade et al. 2015). The impact 
of climate change on African manatees is expected to be exacerbated by the anthropo-
genic response to increasing human population and human activity changes resulting 
from climate change (as discussed below).

The main influence of changes in the Amazon’s rainfall pattern on Amazonian 
manatees will come via effects on the dynamics of the Amazon River’s flood pulse. 
Although predictions of such impacts are still controversial, some general trends are 
emerging. Overall, greater precipitation levels are foreseen for the northern part of 
the basin, whilst the southern part is expected to experience lower rainfall levels 
(IPCC 2014). According to Langerwisch et al. (2013), this exchange will result in 
an increase of about one third in total inundation area and in a decrease in the num-
ber of extremely dry years (and in the probability of occurrence of three consecutive 
extremely dry years). Moreover, though the total number of extremely wet years is 
not expected to change, the probability of three consecutive wet years decreases by 
30% in the east and increases by 25% in the west. Although an alternative hydro-
logical scenario on the impacts of climate change on the dynamics of flooding in the 
Amazon basin supports the abovementioned increase in duration and extent of the 
high-water season, it also predicts an increase in the frequency of extreme low-
water seasons for Central and Eastern Amazon.

The changes in rainfall patterns associated with climate change are likely to 
decrease the welfare of sirenians through changes in habitat. The impacts are likely 
to be geographically uneven.

19.7  �Indirect Effect of Climate Change on Sirenians:  
Habitat Loss and Change

Sirenians are mostly herbivores (Marsh et al. 2011), foraging on a variety of marine, 
estuarine and freshwater plant species, although all species will eat some animal 
matter. According to Domning (1981, 2001), seagrasses have played a key role in 
sirenian life history and evolution, and they are a major dietary component of both 
dugongs and Antillean and African manatees. Seagrasses are therefore intrinsically 
linked to the well-being and survival of sirenian species and are an essential compo-
nent of any environment which they inhabit. Seagrass beds are already among the 
most threatened of the world’s ecosystems (Waycott et al. 2009), with 29% of global 
seagrasses lost or degraded and with the rate of loss accelerating (at a rate of 
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110 km2 yr−1; Waycott et al. 2009). Impacts of climate change, including elevated 
atmospheric carbon dioxide, increased variability in sea temperatures, sea-level 
changes and alterations in levels of ultraviolet radiation, will alter the conditions for 
growth of seagrasses (Watson et al. 1996). These effects are likely to be geographi-
cally variable.

According to Short and Neckles (1999), the climate change impact that will 
have the greatest direct effect on seagrasses will be sea-level rise. Increased sea 
levels will impact the amount of light available to the plants for photosynthesis. A 
rise in sea level may alter the structure of some seagrass beds by reducing their 
distribution and productivity and ultimately reducing their functional value (Short 
and Neckles 1999).

Temperature is a critical factor controlling seagrass growth, survival and repro-
duction (Poloczanska et  al. 2007). Seagrass tolerance to changes in temperature 
varies by species, and, for species living at the upper limit of their thermal tolerance, 
mean sea temperature increases of up to 2  °C may have a severe impact (Ralph 
1998). Extreme or prolonged thermal stress (Collier and Waycott 2014) and the 
effect of poor water quality can be synergistic in causing seagrass mortality. 
Increasing the duration (i.e. more days in a row) of thermal events above 40 °C is 
likely to negatively impact the ecological function of tropical seagrass meadows 
(Collier and Waycott 2014). The loss of seagrass species and changes in species 
dominance as a result of climate change are likely to have significant ramifications 
for sirenians, as well as for the other species that use seagrass communities 
(Campbell et al. 2006).

In many parts of the world, severe storms have been a significant cause of distur-
bance to seagrasses (Steward et al. 2006), as a result of wind, erosion from wave 
action, storm surge, shifting substrates, torrential rains and changes in salinity, etc., 
along with increased water turbidity (Short and Neckles 1999; Fourqurean and 
Rutten 2004). Although not all storms cause damage to seagrass meadows, hurri-
canes, tropical cyclones and other major weather events have all resulted in the 
decline of seagrasses. Individual storm characteristics play a role in determining the 
type and extent of the damage that occurs (Greening et al. 2006).

The dugong is more dependent on seagrass than any other sirenian (Marsh et al. 
2011). Loss of available seagrass reduces dugong abundance through temporary 
migration, increased mortality and negative effects on dugong body condition and 
female reproductive rates (Marsh and Kwan 2008; Meager and Limpus 2014; 
Fuentes et al. 2016). Meager and Limpus (2014) used a 17-year data set to investi-
gate the drivers of natural dugong mortality across a subtropical-tropical latitudinal 
gradient of 13° (>2000 km of coastline). Peak mortality followed sustained periods 
of low air temperature (lagged by 3 months) and elevated freshwater discharge asso-
ciated with extreme rainfall events (lagged by 9 months). At a regional scale, these 
results translated into a strong relationship between annual mortality rates and an 
index of El Niño-Southern Oscillation, mortality being higher following La Niña 
events (Meager and Limpus 2014). Meager and Limpus (2014) considered that the 
two most parsimonious functional explanations for the relationship between fresh-
water discharge and dugong mortality were (1) reduced food availability and (2) 
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direct impacts on health. There is strong support for the first hypothesis for dugongs. 
Elevated flood-linked discharge reduces photosynthetic available radiation (PAR), 
exported sediment can smother seagrasses, and flood discharges can scour seagrass 
beds and seed banks (Campbell et al. 2006).

A study of Amazonian manatee feeding ecology identified 49 species of aquatic 
plants as food items, mostly from the Poaceae (a grass) family (Guterres-Pazin et al. 
2014). As grasses with a C4 photosynthetic pathway tolerate high temperatures bet-
ter than C3 plants (Hamilton 2010), global warming may result in lower plant diver-
sity available to Amazonian manatees. Nutrient quality may also be affected, as C4 
grasses have lower nitrogen contents (Hamilton 2010).

On the basis of the strong relationship between inundation duration and pre-
dominant vegetation type and structure class (Ferreira-Ferreira et  al. 2014; Junk 
et al. 2012), the Amazonian floodplain in general, and particularly its western part, 
is expected to gradually shift towards larger areas being covered by vegetation 
classes associated with longer flooding times, such as herbaceous vegetation. 
Vegetation associated with shorter inundation times, such as high várzea (seasonal 
floodplain) forests, is expected to decrease under this scenario. Less forest would 
result in decreased filtering of the huge amounts of sediment that are brought from 
the Andes during the high-water season, which in turn would result in greater silt-
ation of open water and herbaceous areas (Ficke et al. 2007). This situation would 
create a positive feedback loop, in which, as the lakes became shallower, the overall 
inundation extent would increase, further promoting an increase in the size of the 
areas dominated by open water and herbaceous vegetation. Overall, this scenario 
would, on the one hand, result in increased food availability (aquatic macrophytes) 
for manatees, but, on the other hand, would also increase their vulnerability to pred-
ators, including human hunters, as discussed below, owing to the decrease in the 
depth of floodplain lakes.

19.8  �Algal Blooms

Species of phytoplankton are important components of the aquatic food chain and 
over 4000 species of phytoplankton inhabit our oceans (Davidson et  al. 2014). 
Although most species are benign, some species can cause a variety of deleterious 
effects to the environment and to the organisms that live in it. Some algal species are 
capable of producing toxins that can kill or sicken birds, fish, humans and marine 
mammals including some sirenians. Other phytoplankton species can produce high 
biomass by blooming to excess (Davidson et al. 2014), and such blooms can result 
in oxygen depletion in bottom waters (hypoxia/anoxia) or can reduce the amount of 
light that reaches the benthos leading to the death of light-dependent benthic 
seagrass.

Globally, algal blooms appear to be increasing as a result of increased nutrient 
loads from human activity (Sellner et al. 2003; Gilbert and Burkholder 2006; Heisler 
et al. 2008). The relationship is complex, and the link is not universal, but regard-
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less, algae blooms can critically alter ecosystems, disrupt food webs, stimulate the 
growth of pathogens and have other ecological consequences (Wells et al. 2015; 
Fig. 19.4). Increasingly there is concern that climate change will result in changes 
in the phytoplankton community, which will increase the prevalence and geographi-
cal spread of algae blooms (Wells et al. 2015). Some harmful species are likely to 
become more successful under future climate conditions, whilst other species may 
diminish (Hallegraeff 2010).

Several studies have indicated there may be a relationship between the frequency, 
duration and magnitude of algal blooms and climate (Moore et al. 2008). Temperature 
increases from climate change are predicted to increase the range and duration of 
blooms of some harmful algal species (Moore et al. 2008; Hallegraeff 2010). The 
warmer upper ocean temperatures predicted under climate change scenarios will 
reduce vertical mixing of the water column, which will impact phytoplankton 
growth (Doney 2006). As ocean water warms, blooms will begin earlier and last 
longer (Moore et al. 2008), and algal blooms will expand their range and the period 
of time they occur (Gessner and Middaugh 1995). Increases in ocean acidity are 
also likely to influence phytoplankton in ways that favour algal blooms. Studies 
show that there is generally a positive relationship between increasing pH and 
growth and toxin production in algae blooms; however, it is unknown if this rela-
tionship will be maintained under the more acidic ocean conditions that will result 

Fig. 19.4  Algal blooms are capable of smothering underlying sea grasses and persisting for days 
to weeks under the right climatic conditions (Image credit: Tom Reinert)
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from climate change. Although scientists are still uncertain about the impact of cli-
mate change on algae bloom species in general, the potential for interaction between 
the two factors is high. The predicted impacts of climate change on tropical and 
subtropical habitats are likely to increase the probability of negative impacts on 
sirenian species from algae blooms as discussed below.

Climate changes can influence red tides over huge spatial scales. Large amounts 
of African dust are carried by wind to the western Atlantic, including Florida’s coast 
and the Caribbean. The amount of dust being transported is highly negatively cor-
related with the amounts of rainfall in Africa (Prospero and Lamb 2003). Saharan 
minerals from this dust are thought to be used by diazotrophic, or nitrogen fixing, 
bacteria to fuel the nitrogen economy of red tides (Walsh and Steidinger 2001), thus 
triggering larger algal blooms. Local drier conditions also can create more favour-
able conditions for red tides nearshore. As the toxic dinoflagellate, Karenia brevis, 
favours areas of higher salinity, changes to Florida’s climate, including more epi-
sodic storms and changes in the amount of precipitation and runoff, are likely to 
increase the probability of manatees’ exposure to red tide which could increase 
future mortality of the species (Edwards 2013).

The impact of algal blooms on the welfare of sirenians is well documented for 
Florida manatees where poison from potent neurotoxins (brevetoxins) produced by 
K. brevis have resulted in the death or suspected death of over 669 manatees since 
1984. Such brevetoxicosis can release inflammatory mediators that can result in 
fatal toxic shock (Bossart et  al. 1998). Large die-offs of manatees from red tide 
occurred in 1996, 2002, 2003, 2005, 2007 and 2013 (highest on record at 277 
deaths; Edwards 2013). Sublethal exposure to harmful algal blooms may have long-
lasting impacts on a manatee’s immune system, which could impact the overall 
health of a manatee population (Walsh et al. 2015).

According to Landsberg and Steidinger’s review (1998), Florida manatees are at 
high risk of being impacted by red tide blooms in the late winter and spring when 
salinities are greatest, and when large numbers of manatees move through, or forage 
in, red tide-affected areas in Florida (Edwards 2013). Pathways of exposure to red tide 
can occur from consumption of toxin-sequestering seagrass and attached epiphytes, 
inhalation of toxic aerosols or ingestion of toxic seawater (Landsberg and Steidinger 
1998). As the toxins can be retained in some organisms from weeks to months after a 
red tide has dissipated, exposure can be delayed, and manatees can be affected long 
after the bloom has subsided. In 2012–2013, an overgrowth of a protistan alga 
(Resultor sp.) caused unusually high manatee mortality in the Indian River Lagoon 
system in Florida (Edwards 2013). More than 100 manatees died, and more than 50% 
of seagrass in the lagoon was lost as a result of the bloom (Lori Morris pers. comm).

Most harmful algal species are dinoflagellates that are capable of moving 
through the water column. Since mobile forms are expected to prevail over other 
species, it is likely that blooms of motile alga like K. brevis will increase as a result 
of climate change. In addition, under predicted future climate conditions, blooms 
of K. brevis may have the potential to produce higher cell and toxin concentrations 
(Errera et al. 2014).
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Although high mortality due to harmful algal blooms has to date been restricted 
to the Florida manatee, it is possible that global climate change could alter ecosys-
tems in a way that could increase the negative impact on other sirenian popula-
tions. For example, toxic dinoflagellates, which make tumour-producing okadaic 
acid, and blooms of toxic Lyngbya are all found in dugong habitats (Marsh et al. 
2011). Although no deaths have been attributed to their occurrence, changes to 
these ecosystems, from changes in temperature, salinity, light, carbon, nutrients 
and others, could increase the probability of negative impacts of harmful algal 
blooms on dugongs.

19.9  �Disease

Host-parasite dynamics may be altered by climate change, through changes in trans-
mission rates and host susceptibility (Ficke et al. 2007). Environmental and climatic 
changes may alter biogeochemical cycles, which may increase the incidence of 
infectious diseases, especially waterborne diseases, such as leptospirosis and cryp-
tosporidiosis (Barcellos et al. 2009; Costello et al. 2009; Lau et al. 2010). Manatees 
under environmental stress become immunocompromised and susceptible to infec-
tious agents (Bonde et  al. 2004). Antibodies anti-Toxoplasma gondii and anti-
Leptospira spp. have been identified in Amazonian manatee samples in Brazil and 
Peru (Mathews et al. 2012; Delgado et al. 2013, 2015). Freshwater discharge associ-
ated with the increased number of extreme rainfall events expected under climate 
change may also impact the health of dugongs and manatees by increasing their 
exposure to infectious pathogens such as toxoplasmosis and faecal coliform bacte-
ria (derived from human and animal sewage) or to contaminants with immunosup-
pressive effects (see Marsh et al. 2011 for review).

Thus climate change is likely to decrease the welfare of sirenians by increasing 
their exposure to disease.

19.10  �Anthropogenic Responses

Climate change is already inducing adaptive human responses, and such responses 
will increase as the biophysical impacts of climate change become more evident. 
Climate-related hazards exacerbate other stressors, especially for people living in 
poverty (IPCC 2014). The African manatee will be particularly vulnerable because 
of the high levels of human poverty throughout most of its range resulting in com-
petition for resources, including protein from manatee meat. Thus the risks to 
sirenians from climate change are likely to be greatest for small populations of 
dugongs and manatees occurring in low-income countries (see Marsh et al. 2011 
for details).

19  Impact of Climate Change and Loss of Habitat on Sirenians



348

19.11  �Fishing and Hunting Pressure

Climate change will increase food insecurity, which in turn is projected to increase 
pressure on the world’s fisheries. As Marsh et  al. (2011) point out, 21 of the 33 
countries where the impacts of climate change on fisheries are projected to have the 
greatest national economic impacts (Allison et al. 2009) are in the ranges of dugongs 
and manatees. The potential national economic impacts of climate change on fisher-
ies could not be assessed in a further 21 countries in the range of sirenians; 17 of 
these are classified as Least Developed Countries or Small Island States or both and 
are thus potentially especially vulnerable to climate change.

Both marine and freshwater fisheries in Africa are already in serious decline (Atta-
Mills et al. 2004; Allan et al. 2005). The climate change effects of desertification in 
North Africa and potential shifts in oceanic species throughout Africa will further 
exacerbate the problem of overfishing (IPCC 2014). A negative correlation between 
the catches of subsistence fishers and ‘wild meat’ has already been established for 
West Africa (Brashares et al. 2004; Rowcliffe et al. 2005). The African manatee is 
already heavily hunted throughout its range, and its meat is more costly than fish. As 
fish stocks continue to decline, it is expected that hunting pressure on African mana-
tees will increase, possibly leading to extinction in some parts of its range.

These projected changes in human population resulting from climate change are 
significant to the sustainability of manatee and dugong populations, because the 
population growth rate of all sirenians is highly sensitive to changes in adult sur-
vival rate (Marsh et al. 2011), and most local populations of sirenians cannot with-
stand a human-induced mortality of even a few animals per year. These changes are 
also likely to be important to the welfare of sirenians because the effectiveness of 
cultural norms and regulations designed to protect them are hampered by weak 
governance, as illustrated by the following example.

The Torres Strait region between Australia and Papua New Guinea supports the 
largest dugong population in the world (Marsh et al. 2011). Anthropologists have 
documented the cultural values of dugongs since the European colonisation of 
Torres Strait (see Haddon 1912; Nietschmann and Nietschmann 1981). Dugongs are 
fundamental in the culture of Torres Strait Islanders (Beckett 1987; Johannes and 
MacFarlane 1991; Marsh et al. 2011). Dugong meat has been an important compo-
nent of the seafood harvested by the indigenous peoples of Torres Strait for at least 
4000 years (Crouch et al. 2007). The Torres Strait dugong harvest, which currently 
appears to be sustainable (Marsh et al. 2015), has significant provisioning value, 
particularly for residents of the Western Province of Papua New Guinea. This region 
is one of the poorest regions in the world (Butler et al. 2015) and has significant 
food insecurity (Omot 2012).

Climate change is expected to alter the biological productivity of the Torres 
Strait marine environment and the adjacent terrestrial environments, particularly 
that of Papua New Guinea (Butler et al. 2015). In addition to the effects of climate 
changes on the dugong habitats of Torres Strait, the rate of sea-level rise is also 
expected to accelerate the impacts of inundation on the island communities (Duce 
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et al. 2010). Some islanders may be forced to relocate by 2100. Much of the coastal 
area around the Papua New Guinea coastal villages is low lying and flat. Some of 
this region is also likely to be inundated, necessitating relocation. Nonetheless, the 
strategic deep-water port, Daru Island, may be deemed too important to evacuate 
and may be instead protected by sea walls.

Overall, the human population of the coastal areas of Western Province is 
expected to increase. Stoeckl et al. (in press) predict that this growing population, 
along with the impacts of extreme weather on subsistence gardens and the degrada-
tion of coastal habitat through mining and logging, will increase pressure on Torres 
Strait dugong stocks. Due to the poor governance systems in place in Papua New 
Guinea, these changes are likely to result in the increased use of unsustainable gear 
such as large mesh nets. This change in fishery practice is likely to be more signifi-
cant than reductions in hunting that might otherwise come about from (i) the reloca-
tion of people from islands prone to inundation and (ii) the relocation of animals to 
deeper waters because of the loss of shallow-water seagrass. Regulation of the 
Torres Strait dugong harvest is likely to deteriorate wherever Papua New Guinea 
villagers take a greater proportion of catch, in areas with food shortages, and where 
regulatory effectiveness is hampered by weak governance or low levels of resourc-
ing for enforcement. These factors are expected to be especially pertinent in regions 
experiencing limited capacity and the breakdown of cultural norms caused by 
migration. Thus the animal welfare impacts associated with the dugong harvest in 
this region are expected to increase.

Some of the climate scenarios described above for the Amazon basin predict 
lower water levels during the time of seasonal manatee migrations and extreme low-
water seasons, trapping manatees between impassable stretches of low water. When 
trapped, manatees are usually slaughtered for food by local inhabitants. This was 
the case in the 2016 drought in Mahates wetland, Bolívar, northern Colombia, when 
an estimated 90 manatees became trapped in a 300 m long, 60 cm deep remnant bed 
of the river, with their food resources dried out. At least 25 of them were killed by 
hunters (El Espectador 2016). More extreme low-water seasons would result in 
shallower refuges, which, again, would likely be associated with increased slaugh-
ter of manatees by local inhabitants. This situation occurred, for example, in the 
1996, 2005 and 2010 extreme droughts, when mass slaughter occurred in the rias 
Tefé, Manacapurú, Coari, Badajós, Monte Alegre and Jari areas of the Amazon 
basin (Thornback and Jenkins 1982; Arraut et al. 2010; and personal observations 
by Eduardo Moraes Arraut, and Miriam Marmontel).

19.12  �Infrastructure

Forty-four percent (44%) of people live within 150 km of a coast (UN Atlas 2010), 
and many coastal marine ecosystems are already significantly degraded (Halpern 
et al. 2008). The impacts of climate change are likely to cause shoreline erosion, 
coastal flooding and water pollution and affect man-made infrastructure and coastal 
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ecosystems (IPCC 2014). Addressing the additional stress of climate change is 
likely to result in new approaches to managing land, water, waste and ecosystems. 
The examples below illustrate some of the resultant likely problems for sirenians.

As discussed in an earlier chapter (Chap. 17), engineered and technological 
options are commonly implemented adaptive responses to climate change (IPCC 
2014). Dams are a significant threat to the welfare of African manatees, both through 
entrapment and through crushing in gates (Keith Diagne 2015). Manatees in 
Sahelian countries are already permanently isolated in the Niger and Senegal Rivers 
by dams. Major hydroelectric and minor agricultural dams block the ability of man-
atees to move out of river systems as their habitat and food resources decrease. 
Three major new dams are already under construction on the Niger River in Guinea, 
Mali and Niger, and as water scarcity increases with climate change, further dams 
will trap riverine manatees into smaller and smaller habitat areas making it less 
likely that they will survive long term.

The threats from hydroelectric damming on Amazonian manatees will be signifi-
cant if the current massive dam-building plan for the Amazon basin is realised 
(Arraut and Marmontel 2016). The plan is to build dams or dam cascades across all 
large- and most medium-sized Amazon rivers to provide energy for aluminium 
extraction in the region and for industries elsewhere (Castello and Macedo 2015; 
Brazil 2016; Winemiller et al. 2016). If implemented, this dam-building plan would 
partition the Amazonian manatee into many small, confined populations, each of 
which would suffer from inbreeding with resultant reduction in evolutionary poten-
tial (Frankham et al. 2014) and increased vulnerability to slaughter, especially dur-
ing natural or dam-induced extreme droughts. As explained above, in addition to 
this direct population impact, manatee survival is also expected to decrease even 
further owing to the intense degradation of the floodplain habitat. In combination, 
these effects are likely to result in local extinctions of small and confined Amazonian 
manatee populations and a second species-level population collapse. (The first col-
lapse was driven by commercial over-exploitation for meat and hide over two cen-
turies (Domning 1982).) Local human socio-economic-environmental conditions 
are also expected to deteriorate further as a result of the dam building (Fearnside 
2006, 2014, 2016a, 2016b), resulting in an increase in the hunting pressure on man-
atees. As manatees are slow-breeding animals, recovery from a second collapse 
associated with the expected increase in hunting pressure would be highly unlikely. 
These cumulative impacts have led to calls for the plan for extensive dam building 
to be reconsidered.

In Florida, manatees rely on both natural and industrial sources of warm water 
for refuge, when water temperatures drop below approximately 20 °C, as explained 
above. About 60% of Florida manatees, counted during statewide surveys con-
ducted after cold fronts, were using an industrial source of warm water as a winter 
refuge (Fig. 19.5). Including ~3% of the total population which were using a single 
passive thermal refuge (Florida Fish and Wildlife Commission unpublished data). 
An estimated 93% of the state’s human population relies on groundwater for their 
needs (SFWMD 2001). Florida’s human population is putting ever-increasing 
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stress on already compromised systems, and future water withdrawals are expected 
to increase by 21% by 2030 (Florida Department of Environmental Protection 
2014). Loss of these refuge sites or reduction in their carrying capacity has been 
identified as a significant threat to the long-term viability of the population (Runge 
et al. 2007).

We conclude that the anthropogenic responses to climate change are likely to 
decrease the welfare of sirenians, through human responses to food insecurity and 
through modifications to rivers as a result of increased dam building.

19.13  �Conclusions

This review indicates that climate change has considerable potential to negatively 
impact the welfare of dugongs and manatees. The effects are likely to be particu-
larly serious in the low-income countries (IPCC 2014), which make up most of the 
ranges of all four sirenian species (Marsh et al. 2011). Given the uncertainties as to 
how climate change will affect sirenians and their habitats at local scales, the best 
precautionary actions are likely to be: (1) control factors known to increase mortal-
ity and reduce fecundity, as pointed out by Lawler et al. (2007) and Marsh et al. 
(2011), and (2) adopt an adaptive management approach as outlined in Fuentes et al. 
(2014). There is increasing global interest in a relatively newly appreciated 

Fig. 19.5  Manatees overwintering at an industrial warm-water refuge in Florida (Image credit: 
Stacie Koslovsky)
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ecosystem service provided by aquatic plants, including seagrasses, through their 
capacity to sequester carbon (Macreadie et al. 2014). The imperative to maintain 
wetlands as global greenhouse gas sinks has some potential to reduce the otherwise, 
mainly negative, impacts of climate change on the welfare of sirenians.
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Chapter 20
Sirenian Health and Well-Being  
in Managed Care

Michael T. Walsh and David J. Blyde

Abstract  The recorded history of Sirenia species in managed care is short and 
quite variable with many areas of early efforts poorly documented with anecdotal 
material. The three extant Sirenia species of the Trichechidae family and the one 
extant species of the Dugongidae family are all listed as threatened by the IUCN 
(International Union for the Conservation of Nature). Initially hunted as a source of 
food in many locations, our understanding of their physiology, history, and role in 
the environment was slow to develop. Early literature on human interaction contrib-
uted by scientists, anatomists, and the curiosity of those who wished to share their 
involvement with the species was fragmented but important. Managed care of 
Sirenia in zoos and aquariums was initially catalyzed by a desire to show these 
strange animals to the public, but has morphed into a developing concern for the 
conservation of Sirenia populations. Public and scientific concern for the species led 
to protective measures in some of their ecosystems with improvements in our under-
standing of their biology, genetics, reproduction, disease challenges, and the influ-
ence of humans on their welfare. This evolution of public involvement led to rescue 
and rehabilitation efforts by aquariums, zoos, state, and federal agencies to inter-
vene in individual animal health. Research into human mortality causes also sup-
ported better documentation of natural illnesses that effect the population’s survival. 
The Florida manatee rehabilitation programs and Australian dugong efforts illus-
trate the intersection of science, medicine, and ecosystem health in advocating the 
needs of these unique animals and what is required to support their survival and 
encourage recovery. As we intersect with Sirenia in rehabilitation and exhibit 
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exposure for encouraging public support, it is important to provide suitable habitats 
for health and welfare and design their environments to their special needs while 
increasing protection of the wild habitats.

20.1  �Introduction

The International Union for the Conservation of Nature (IUCN) is the world author-
ity on the conservation of species and promotes a global approach to species man-
agement to coordinate efforts over subjective national borders crossed by wild 
species. Red lists are produced by political units to assess the risk of extinction to 
individual species (Deutsch et  al. 2008; Keith Diagne 2015; Marmontel 2008; 
Marsh and Sobtzick 2015). The three extant sirenian species of the Trichechidae 
family and the one extant species of the Dugongidae family are all listed as threat-
ened by the IUCN. The determination and listing of their biological status in the 
wild vary between organizations and is somewhat fragmented, with variations of 
protection in each country, and this variability can impact the efforts of facilities, 
biologists, and veterinarians involved in sirenian health care.

As an example of how a government can regulate a marine mammal wildlife spe-
cies in the United States of America (USA), the classification of the manatee species 
(Trichechus manatus latirostris) as an endangered marine mammal places it under 
both the Marine Mammal Protection Act of 1972 (MMPA) and the Endangered 
Species Act of 1973 (ESA). The MMPA is a national policy with the National 
Marine Fisheries Service (NMFS) responsible for protecting whales, dolphins, por-
poises, seals, and sea lions, whereas the US’s Fish and Wildlife Service (USFWS; a 
division of the Department of the Interior) has responsibility for walrus, manatees, 
otters, and polar bears. The ESA, which is administered under the NMFS and 
USFWS, provides a program for the conservation of threatened and endangered 
species throughout all, or a significant portion, of their range and the conservation 
of the ecosystems on which they depend. Marine mammal species in captivity in the 
USA are regulated by the Animal and Plant Health Inspection Service (a division of 
the Department of Agriculture). These laws limit the extent of manatee facilities for 
exhibit and emphasize rescue and rehabilitation as the main focus.

Dugongs (Dugong dugon) in Australia are managed by the various state environ-
mental organizations and federally by the Department of Environment under the 
Environment Protection and Biodiversity Act 1999. For example, it is the Queensland 
Department of Environment and Heritage Protection (EHP) which has responsibil-
ity, and in Western Australia it is the Department of Environment and Conservation. 
Various state bodies control the exhibition of animals in Australia such as the 
Department of Primary Industries in New South Wales through the Exhibited 
Animals Protection Act.

While these laws, adopted in these first world countries, provide general guide-
lines for the consideration of welfare of species with conservation concern such as 
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sirenians, they do not outline detailed minimal standards or guidelines for their cap-
tive care. We discuss this in the following chapter.

This chapter will concentrate on the welfare considerations of sirenians that are 
taken into managed care for various reasons and discuss the past, current, and future 
considerations of care principals and species-appropriate standards for physical and 
mental wellness. It will briefly consider manatees and dugongs, so that the reader 
can see the similarities and differences in facilities from different parts of the globe.

20.2  �History of Sirenian Captive Activity: Manatee

The information documenting the history of these species in captive care is piece-
meal for both family groups, with only a few articles superficially describing early 
captive events. Early efforts in collection of many wild species included a wide 
range of approaches and effort geared to the animals’ survival on the trip home, but 
with less concern to provide for physical or mental comfort. Relocation of these 
“intriguing” animals was attempted before knowledge was available on their trans-
port, husbandry, nutrition, or habitat requirements. The initial “bring them back 
alive” imperative existed in captures by European explorers and naturalists who 
encountered these animals during their trips through the tropics. Western literature 
concerning manatees is sparse. In 1870, James Murie of the Zoological Society of 
London reviewed the information on the form and structure of the manatee based on 
two specimens that were necropsied after having failed to survive the trip to England 
(Murie 1872). These animals were obtained in Puerto Rico and Surinam (Dutch 
Guiana). He reviewed numerous anatomical accounts that dated back to 1818 and 
included information from Amsterdam, Germany, and Paris. At this time there was 
controversy as to the relationship of the manatee species to the other phylum of the 
animal kingdom, with some claiming it should be classed with cetaceans while oth-
ers suggested the elephant was its closest relative. Manatees were freely eaten at this 
time by travelers and locals, and it was stated that the Catholic clergy in South 
America did not object to its being used on fast days (meatless Fridays were once 
part of the Catholic teaching) on the supposition of its being “allied to the fish tribe.” 
Additional studies were performed on other specimens that were taken to Europe, 
and this resulted in detailed anatomic investigations and even in suggestions for 
improvements in manatee care and transportation, as it was understood at the time. 
These reports indicated potential causes of manatee mortality that included trauma, 
infection, starvation, hypothermia, and intestinal inflammation, all probably salient 
observations based on what we now know of these species and the likely conditions 
under which they were transported from the tropics to Europe. American institu-
tions were also getting involved; Cornell in 1875 and the Zoological Gardens in 
Philadelphia attempted to maintain two animals in 1875, both of which died after 
only 90 days in captivity (Chapman 1875). By 1879, there was an apparent improve-
ment in the care and management of captive sirenian with two manatees taken from 
Trinidad to the Brighton Aquarium in England. The female died after 7 months but 
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the male lived for over 16 months. It was noted that he had “thrived on turnips and 
carrots,” and this experience proved that manatees could be maintained (for a time) 
in captivity. He apparently died from hypothermia in January of the following year, 
1880 (Crane 1881; Flower 1881).

While these historical accounts did suggest some improvements in the diet, 
transport, and other husbandry procedures, there would not have been any coordi-
nated effort to bring this type of information together for over a century. Medical 
information was limited to anatomy and pathology of the animals necropsied after 
failed attempts to hold them in captivity, with little recording of the husbandry or 
veterinary information leading up to their death. In 1937, a manatee was born at the 
Miami Aquarium, and notes recorded by the owner were given to the Journal of 
Mammalogy (Barbour 1937). The calf lived for 18 months until it died when acci-
dentally dropped. Subsequently, in 1975, a Florida manatee calf was born at the 
Miami Seaquarium (Clark 1976). A more detailed account of the birth of a manatee 
calf in the Netherlands with pre- and postnatal behavior notes was published shortly 
afterward (Dekker 1980). The mother originated from Guyana in 1972 and the 
father from Surinam in 1966. Since then there were additional births at Miami and 
SeaWorld, until the USFWS (US Fish and Wildlife Service) halted captive breeding 
in the 1990s, with the caveat that animals already housed in managed care prior to 
the enactment of protective legislation in the 1990s would still be allowed to breed. 
Other non-USA facilities with manatees have allowed breeding (European 
Endangered Species Preservation Program 2016 (EEP)).

20.3  �Dugongs

Little is known about the history of holding and transporting dugongs. The level of 
care afforded to managed dugongs and manatees is regulated in developed regions, 
countries, and municipalities, but in developing countries, animals may be held in 
substandard conditions. This may include the use of physical restraint methods such 
as tail ropes to control and limit the animals’ movement, similar to tethering a horse 
in a pasture. Occasionally when an artisanal fisherman accidently captures a live 
dugong (e.g., a cow with an attendant calf) in a net or kelong (fish trap), the fisher-
man will keep the animal in captivity in a sea cage (usually a fish trap) and charge 
the locals to see it (Fig.  20.1). Some animals are tethered, and there are recent 
reports of a tethered dugong and its calf being kept in separate cages off the remote 
island of Kokoya, Indonesia, for 7 years. Depending on the location of the holding 
cage, there may be attempts to feed the animal and its attendant calf. Veterinarians 
are typically not involved. Most of the reports of this practice have come from 
Malaysia and Indonesia, from regions where the dugong is rarely sighted and where 
it is considered a rarity (Helene Marsh pers. comm.).

While the domestic horse may be tolerate, through familiarization and domesti-
cation, a halter placed on the head, or a hobble on the leg, to allow for remote graz-
ing, a wild sirenian should not be tail tethered under any circumstances. Pressure 
necrosis and tail deformation may result, with possible secondary infection of the 
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contact areas of the tail. The tailstock of sirenians is an appropriate attachment point 
only for the temporary attachment of satellite or radio collars that allow normal 
movement of the animal and which are designed to break away if the animal 
becomes entangled by the tether.

Several dugongs were held in captivity in India in the 1950s (Jones 1959). In the 
late 1960s and 1970s, Vic Oke, the then owner and manager of Cairns Oceanarium 
(which no longer exists), hand reared two orphaned female dugong calves—“Dolly” 
and “Daisy.” They lived in captivity before succumbing to illness (Elliott et  al. 
1981). As far as we are aware, there are currently five dugongs held in captivity 
around the world. One is in Toba Aquarium, Japan; another in Underwater World, 
Singapore; and another in Sea World, Indonesia. The remaining two, a male and 
female, are held in the Sea Life Aquarium, Sydney, Australia. These two animals 
were orphans and were hand reared at Sea World, Gold Coast, Australia, before 
being transferred to Sydney in 2008.

20.4  �Housing and Habitats

As it currently stands on a global level, the extent of managed care and the habitats 
provided to captive Sirenia depends on a number of factors that are heavily influ-
enced by the experience and background of the care facility, the listing and 

Fig. 20.1  Photos from video by Lim (2016) taken of a tethered, dugong in Indonesia. Image 
credit: Delon Lim
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legislative protection, and the government management of the species, all of which 
may vary by country and by national and local regulations. The three factors which 
most affect facility provision are (1) administration, (2) care personnel, and (3) 
veterinary staff. As described in the case discussed above, where a dugong was 
tethered by the tail in a make-shift enclosure for profit, the local methods used to 
keep the animal captive may mean that the animal’s welfare needs are not met. Even 
in developed countries such as the USA and Australia, recognized and agreed stan-
dards for sirenian care are fully established.

20.5  �Manatees

The agency responsible for the management of the manatee species in the USA is 
the US Fish and Wildlife Service (USFWS). Animals acquired prior to the ESA and 
the MMPA are not under the jurisdiction of the federal government and are consid-
ered “pre-act” with respect to how they are managed under captive care. This 
includes the right to display these animals for public interest and to allow reproduc-
tion. However, regardless of these exemptions, if manatees are maintained in a 
facility with public viewing or with public tours, the facility is regulated by the 
Animal Plant and Health Inspection Service under the US Department of 
Agriculture.

The minimal standards of care for manatees are currently under review (Michael 
Walsh, pers. comm.). These standards consider transport, water quality require-
ment, and housing, but do not address the full range of health requirements for the 
range of presentations of illness, injury, or age categories for other animal species 
that are commonly held in facilities for display, rehabilitation, or long-term care.

Enclosures: Regulatory space requirements in the USA only require a pool that 
is twice as long as the average length of an adult manatee with a depth one half the 
length (~8 × 2 m). The historical reasons for these restricted spaces may be that 
some of the original space requirement assumptions were partially based on rescue 
pools where sick animals were listless and did not exhibit normal swimming behav-
ior. A list of known facilities holding manatees and dugongs is in Table 20.1. The 
facilities in the USA all exceed the minimal government standards as do most facili-
ties worldwide. All manatees in the USA are maintained in artificial pools with a 
variation in the pool surface from smooth concrete to pseudo-natural habitats with 
rockwork and large variations in overall design. Other species such as fish may be 
incorporated in the habitat, and manatees will feed on food added to the environ-
ment for the fish (Fig. 20.2a).

Protection: Shade has not been a previous requirement for manatees, but should 
be provided in a portion of the environment if outdoors, and pool surfaces should be 
designed to decrease reflectivity from painted surfaces. Shore side or seaside pens 
are used in some facilities, and caretakers must be aware of water temperature 
ranges that are suitable for the animals. Manatee “interaction with guests” is present 
in some facilities (though not in the USA). Pens used for manatee interaction should 
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Table 20.1  Global sirenian facilities

Country Institution
Summary of 
details

Number 
of 
animals

Website address (all 
accessed on 08/11/2016) Species

Denmark Zoo of 
Odense

One male, three 
females

4 http://www.odensezoo.dk/
animals/south-america/
vis/
west-indian-
manatee/?L=1)

T. manatus

Denmark Randers 
Aquarium

One male, one 
female (Berthus 
& Gaffa)

2 http://www.regnskoven.
dk/en

T. manatus

France Beauval 
Zoo Park 
Aignan, 
División 
Académica 
de Ciencias 
Biológicas

Four or five 
males, two 
females

6 or 7 http://www.zoobeauval.
com

T. manatus

“Herbert” (born 
Jan 21, 2009 in 
Nuremberg was 
sent there in 2015

Netherlands Burger’s 
Zoo, 
Arnhem

One male, one 
female

2 http://www.burgerszoo.
com

T. manatus

Spain Faunia 
Madrid

Three males, one 
female

4 http://faunia.es/animales/
manati-antillano-o-vaca-
de-agua

T. manatus

Germany Nuremberg 
Zoo

Two manatees, 
Mara (born 
1994 in 
Nuremberg), 
Zorro (born 
2009 in Odense)

2 http://tiergarten.
nuernberg.de/en/discover/
tiere-a-z/tier/nagelmanati.
hT.manatus l

T. manatus

Germany Tierpark 
Berlin

Two males, one 
female

3 http://www.tierpark-
berlin.de/tierpark/
tiere-wissenswertes.
hT.manatusl

T. manatus

Italy Aquarium 
of Genoa

Two males, one 
female

3 http://www.
acquariodigenova.it/en/

Poland Breslau/
Wroclaw

Two males, one 
female 
(Armstrong, 
Gumla, 
Theresa—came 
from Berlin in 
2013 (?))

3 http://afrykarium.com.pl T. manatus

France Paris Zoo One male Tinus 1 http://www.
parczoologiquedeparis.fr/
fr/animaux/animaux-
amazonie-guyane/
lamantin

T. manatus

(continued)
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Country Institution Description
Number of 
animals Website Species

Manatee Facilities Asia

Japan Atagawa Tropical 
& Alligator 
Garden

1(?) http://www4.i-younet.
ne.jp/~wanien/index1.
hT.manatus

Amazonian?

Okinawa
Churaumi
Aquarium

3 http://oki-churaumi.jp/
en/area/manatee-pool.
hT.manatusl

Mexico
T. manatus

Toba Aquarium 3
1 Dugong

http://www.aquarium.
co.jp

African
1 Dugong

Singapore Singapore Zoo 
River Safari

Five males
Six females

11 http://riversafari.com.
sg

T. manatus

Taiwan Hualien’s 
Farglory Ocean 
Park

One female 1 https://taiwanaut.com African

Seoul, 
S. Korea

Coex Aquarium One female, 
Two males

3 www.coexaq.com African

China Hangzhou 
Underwater 
World

One male, 
one female

2 http://en.gotohz.com African

Nanning Zoo 2(?) African
Yantai Haichang 
Whale Shark 
Aquarium Yantai

2 http://www.oceanpark.
com.hk

African

Ocean Aquarium 
of Penglai 
Penglai,

4(?) African

Chimelong 
Ocean World 
Zhuhai City

7 http://zh.chimelong.
com

African

Manatee facilities—Americas (excluding USA)
Mexico Dolphin 

Discovery—
multiple sites

17 between 
parks

http://www.
dolphindiscovery.com/
manatees/

T. manatus

Dolphin 
Discovery—
Puerto Aventuras

http://www.
dolphindiscovery.com

T. manatus

Dolphin 
Discovery 
Chankanaab 
National 
Park—Cozumel

http://www.
cozumelparks.com

T. manatus

Xcaret—
Quintana Roo

10 http://www.xcaret.com T. manatus

Acuario de 
Veracruz

6 T. manatus

Universidad 
Veracruzana

1 T. manatus

Aluxes Eco Park 4 http://aluxesecoaprque.
tumblr.com

T. manatus

Table 20.1  (continued)
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Table 20.1  (continued)

Country Institution Description
Number of 
animals Website Species

Belize Manatee 
Rehabilitation 
Center

www.wildtracks.org T. manatus

Swallow Caye 
Wildlife 
Sanctuary—
Caye Caulker

http://
swallowcayemanatees.
org/

T. manatus

Peru Manatee Rescue 
Center—
Quistococha

http://www.
ayahumaamazontours.
com

Amazonian

Guyana Guyana 
Zoo—
Georgetown

https://www.facebook.
com/GuyanaZoo?sk= 
info&tab=page_info

T. manatus

Brazil Aquasis—
Caucaia Ceara

http://www.aquasis.
org/subprograma-en.
php?id_
oquefazemos=8

T. manatus

Centro 
Mamiferos 
Aquaticos—
Pernambuco

http://
mamiferosaquaticos.
org.br

T. manatus

Dugong facilities—Australia

Australia—
Sydney

Sydney 
Aquarium

One male, 
one female

2 http://www.
sydneyaquarium.com.
au

Dugong

Manatee Facilities USA

Florida 
critical care 
centers-
exhibits

SeaWorld 
Orlando

Numbers 
vary with ill 
and injury 
presentations

T. manatus

Lowry Park Zoo Numbers 
vary with ill 
and injury 
presentations

T. manatus

Miami 
Seaquarium

Numbers 
vary with ill 
and injury 
presentations

T. manatus

Florida re- 
habilitation 
holding 
facilities-
exhibits

Homosassa 
Springs State 
Park

1 (?) Female T. manatus

Disney Animal 
Kingdom

2 injured 
males

T. manatus

Mote Marine 
Lab-Sarasota

2 males T. manatus

(continued)
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Country Institution Description
Number of 
animals Website Species

Ohio 
holding 
facilities-
exhibits

Cincinnati Zoo 2 older 
non-
releasable 
females and 
orphan calf 
prerelease

T. manatus

Columbus Zoo 2 older 
non-
releasable 
females and 
orphan calf 
prerelease

T. manatus

Base data compiled by Cora Berchem at Save The Manatee Club (updated 09/13/2015). Additional 
data from Lucy Keith on African animals and data from the Mexican Studbook for manatees 
through 2016 from Roberto Sánchez Okrucky. Not all manatee facilities in Mexico are listed. The 
Trichechus manatus species is not broken down to subspecies manatus (Antillean) and latirostris 
(Florida) in this chart since the origin of some individuals is not fully known

a

Fig. 20.2  (a) Front view photo of the Singapore Zoo manatee exhibit. The largest facility built, but the 
post-build evaluation shows that newborn manatees intially may prefer the shallow water to the deeper 
areas. (b) Front view of a dugong enclosure in Australia that allows the animals to interact with visitors 
(as shown) but also to seek seclusion from other animals and the public. Image credit: Singapore Zoo

Table 20.1  (continued)
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b

Fig. 20.2  (continued)

be large enough to allow the animal to avoid human interaction if needed. Sanctuary 
zones are made available to dolphins in human interaction programs in the USA. 
Manatees should be protected for excessive noise and poor air quality.

Water parameters: Water salinity may vary depending on the location, and the 
range seen in pools around the world ranges from freshwater to full salt water. 
Manatee facilities should allow for a range of temperatures from 26 °C (78 °F) to 
30 °C (86 °F). Wild individuals do encounter temperatures outside of this range, but 
this published range is meant to represent a spread of tolerated seasonal fluctua-
tions, and this temperature range may even not be ideal for manatee health, espe-
cially in compromised animals. Manatees may shiver from cold when temperatures 
drop below 21 °C (70 °F). A cold stress syndrome is suspected to be induced at 
temperatures below 20 °C, though the degree of effect or damage depends on the 
temperature and duration of the decrease. In 2010, wild temperatures dropped to as 
little as 5–9° (the 40’s°F) in the Florida Bay and other shallow waters around 
Florida with animals dying acutely. In the winter, in Florida, freshwater springs 
provide relief from the surrounding cold water, with temperatures of spring water 
around 23 °C (73 °F), but these springs are not inhabited year round. In rehabilita-
tion and managed care facilities, chlorine and ozone used for water disinfection can 
result in corneal damage if the chemical levels move out of the safe range for use, 
and so monitoring of oxidant levels must be strictly followed. Filtration must be 
enhanced to handle fecal loads.

It may be beneficial for manatees to have access to both freshwater and water 
of varying salinity, since it appears that the skin exfoliates after shifting between 
salt and freshwater, which may help to avoid retained skin becoming infected with 
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fungal, algal, and bacterial growth. Manatees from saltwater areas drink freshwa-
ter to rehydrate after extended periods in salt water, whereas dugongs obtain all of 
their required fluids from the vegetation they eat. Manatees have been observed to 
“drink” from the overlaying freshwater layer above the saltwater layers where it is 
mixing, from springs and hoses, but also get much of their water from food.

20.6  �Dugongs

There are no specific standards or requirements for the housing and exhibition of 
dugongs in any of the countries in which they are held. However, there are some 
fundamental standards that should be adhered to from a health and welfare perspec-
tive based on the experience of the authors.

Enclosures: Enclosures can be either natural or artificial. If artificial, the enclo-
sure walls and floor should be durable, watertight, nonporous, nonabrasive, non-
toxic, and easily cleaned and disinfected. Sharp projections and loose fittings should 
be avoided. Artificial pools have the advantage of being able to maintain water 
parameters better than natural pools. Natural pools have the advantage that they can 
be constructed to be much larger for less cost than artificial pools. The pool should 
be large enough to accommodate the natural behaviors of the animals and deep 
enough for the animals to dive and avoid the effects of ultraviolet radiation. Swim 
through and exhibit furniture should be included in the exhibit design to add some 
environmental enrichment for the captive animals. The minimum depth, length, and 
width for long-term housing of one adult animal are 4, 11, and 9 m, respectively, to 
allow for swimming and rolling without impeding natural behavior or causing colli-
sion with walls. If more than one animal is to be housed in the enclosure, then the 
length and the width should be increased by 50% per animal (Fig. 20.2b). Thought 
should go into the exhibit furniture in order that it does not present a hazard to the 
animal.

Protection: Animals should be protected from loud and/or continuous noise. 
Shade should be supplied, as well as shelter from any strong winds or rain.

Water parameters should be similar to those determined for captive dolphins 
and other marine mammals. Salinity should be within the range of 25–35 parts per 
thousand (ppt; specific gravity of 1.025–1.035). The temperature of the water 
should be maintained between 23 and 28 °C. If chemical treatment is used to main-
tain water quality and cleanliness, it should not cause harm to the animals. The 
bromine residual in the water should not exceed 1.0 mg/L and should be tested at 
least daily. The pH and ammonia should be maintained at 7.8–8.5 and below 
0.7 mg/L, respectively, and should be tested daily. Fecal coliform counts should be 
<500 MPN (most probable number) per 100 mL water, measured weekly. If the 
coliform count exceeds this level, a water change or increased disinfection in the 
exhibit (noting requirement on maximum chemical treatment concentrations) may 
be necessary.
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20.7  �Captive Care: Manatees

The West Indian manatee accounts for the majority of sirenians maintained in the 
USA, with one Antillean manatee kept at an aquarium in Texas. Wild food avail-
ability is not assured, and reliance on non-wild foods like lettuce and other vegeta-
bles is common.

The number of sirenians in managed care is difficult to establish accurately, but 
a list of facilities is contained in Table 20.1. In the USA, at the time of publication, 
there are eight facilities accredited to hold manatees. In Florida, where the majority 
of manatees are resident, there are three critical care facilities (that also have mana-
tee viewing for the public) and two zoological institutions that house animals prere-
lease, as part of the socialization for orphans or for non-releasable animals due to 
severe injury. In Florida, manatees are also maintained at three other holding facili-
ties including a natural spring in Homosassa Springs state park. The history of man-
atees being held in facilities in the USA is fairly short, with Miami Seaquarium 
being the first facility in Florida which supported rescue and rehabilitation efforts as 
well as exhibiting animals to the public. The need for intensive care, due to human 
induced trauma and natural mortality causes, led to the rapid development of medi-
cal treatments and increased understanding of diseases common to this species. 
General anesthesia was not applied to manatees until the 1990s at SeaWorld, and 
prior to this these animals had been misidentified as voluntary breathers incapable 
of undergoing anesthetic procedures. Successful general anesthetic procedures have 
allowed a wider range of therapeutic approaches to be used on injured animals.

The focus within this chapter is not on sirenian diseases, but common mortality 
factors include death of neonatal animals, watercraft mortality, cold stress, known 
(red tide) and unknown biotoxins, and entanglement (Fig. 20.3). Some categories of 
mortality such as biotoxins and cold stress can vary dramatically in the number of 
animals killed each year with unusual mortality events causing epidemics. Less 
common disease includes other infectious organisms which result in sporadic 

Fig. 20.3  An example of 
crab trap entanglement 
cutting through soft tissue 
and exposing the bone. In 
some instances, the limb 
may be saved, but often 
this type of human-induced 
injury requires amputation. 
Image credit: Credit: Sea 
World Orlando
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diagnostic findings such as toxoplasmosis and mycobacterium. More detailed medi-
cal and husbandry information on manatee is available (Bossart 2001; Chittick et al. 
2008; Murphy 2003; Walsh and Bossart 1999; Walsh and de Wit 2015).

20.8  �Captive Care: Dugongs

Few dugongs have been maintained successfully in captivity, and this species has 
never bred in captivity. The composition of captive adult dugong diets includes 
seagrass, cos lettuce, snow pea sprouts, cabbage, endive, wheat grass, and spinach. 
Cos lettuce has been the predominant diet of some captive animals. A healthy adult 
dugong may consume up to 30 kg of cos lettuce per day, making the feeding of these 
animals very time consuming and expensive. Diets based on artificial ingredients 
such as cos lettuce may be deficient in essential vitamins and minerals, and supple-
mentation may be necessary. In some places, captive dugongs have been fed sea-
grass obtained from local sources. A healthy adult dugong may need 20–25 kg of 
low-fiber seagrass per day to maintain bodyweight. Dugongs are notoriously inef-
ficient eaters, and a lot of food is wasted, as observed in the wild, with trails of 
seagrass floating on the water’s surface where dugongs have fed. Sourcing seagrass 
from the wild is very time consuming, and in certain jurisdictions, permits are 
required from the local conservation agency. In the wild, dugongs feed from the sea 
floor, and efforts should be made to feed the animals from the bottom of their enclo-
sures in the captive situation. This requirement may require stacking the food into 
weighted trays and placing the trays on the bottom of the exhibit (Fig. 20.4).

Dugongs less than 1.5 m in length will be suckling, and those less than 1.8 m 
long are likely to still be deriving some of their nutrition from suckling (Marsh 
1997). Attempts have been made to hand rear neonatal dugongs; however, little 
information is available on the process used (W. Blanshard, unpublished data), and 

Fig. 20.4  An adult male, 
hand-reared dugong in 
Australia feeding on cos 
lettuce from feeding racks 
designed to sink to the 
bottom of the pool and 
mimic natural feeding 
behavior. Image credit: Sea 
World Australia
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early attempts were unsuccessful. In some manatee exhibits, natural feeding has 
been encouraged, and this is believed to be better for the health of the calf as well as 
to promote socialization (Fig. 20.5). Dugongs have been hand reared using milk 
diets based around Divetelact (Sharpe Laboratories Pty. Ltd., Ermington, New 
South Wales, Australia), powdered infant milk formula designed for multiple spe-
cies of animals. Other ingredients such as coconut milk can be added to the 
Divetelact to increase the nutrient density. As with manatees, dugongs can be bottle-
fed and generally nurse better while being cradled upside down in water, mimicking 
feeding from their mother (Fig. 20.5a). Hand rearing is a labor-intensive exercise as 
animals may need to be bottle-fed for up to 9 months before they begin to eat solid 
food (Fig. 20.6b, c).

In the wild, non-habituated dugongs are wary of noise and human activities such 
as boating, swimming, and diving. In captivity, possibly because most are hand 
reared to some extent or habituated to humans, they appear to be inquisitive and 
responsive to human interactions. Some captive facilities offer interactive experi-
ences with captive animals, although it should be noted that hand-reared males have 
the potential to be aggressive to humans in the captive situation.

Dugongs can be conditioned to move through gates, swim onto platforms and 
stretchers, and present various parts of their body for inspection. Environmental 
enrichment and conditioning should be part of the husbandry of captive dugongs. 
Medical information on dugongs can be found in Woods et al. (2008).

Fig. 20.5  Manatee calf nursing in Churami Aquarium in Okinawa facility. These births help biolo-
gists to understand manatee reproductive physiology. Image credit Dr. Ueda
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a

c

b

Fig. 20.6  (a) Bottle feeding an orphaned neonatal manatee. (b, c) Modified feeding apparatus to 
allow bottle feeding of neonatal manatees All image credits: Sirenia Project, United States 
Geological Survey
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20.9  �Rescue and Rehabilitation

20.9.1  �Manatees

Rescue and rehabilitation of manatees is the predominant captive holding activity 
related to manatees and is focused on treating the common reasons manatees present, 
disease, and trauma. The Florida Fish and Wildlife Conservation Commission 
(FWC) is the state agency responsible for manatee policy and also supports the 
unique Marine Mammal Pathobiology Laboratory where the majority of manatees 
are examined for cause of death. Information on agency and historic manatee mortal-
ity can be found at the FWC manatee web site (Florida Fish and Wildlife Conservation 
Commission 2016). A large portion of manatee deaths in Florida are a result of inter-
actions with watercraft. The mortality causes seen at necropsy are reflected in the 
presentations to the rescue facilities with varying effort required to treat and hope-
fully return the animals to the wild. Manatee rescue and rehabilitation are extremely 
expensive and are supported by some state legislative funding. However, a large 
portion of the costs are absorbed by the facilities through the patronage of the public 
and through dedicated members of the facilities raising awareness and funds to sup-
port manatee rehabilitation. In addition, medical therapy is also very time consum-
ing, and support for a sick individual can be challenging and dependent on the extent 
of damage present. Attention to support the “mental challenge” of adaption to a for-
eign environment, including the medical pool, can aid recovery and healing. 
Manatees may adapt better to a new environment when cohorts that are already eat-
ing are present, with food presented at the bottom of the pool and left overnight, and 
with restrictions on exposure to people. Antianxiety medication such as diazepam 
(7-chloro-1-methyl-5-phenyl-3H-1,4-benzodiazepin-2-one, a compound in the ben-
zodiazepine family that typically produces a calming effect) has been used to help 
the animal to eat more quickly and help to adapt to the need for frequent treatment. 
This can have the effect of reducing the need for additional supplementation and 
decreasing additional injury. Physical restraint may need to be used, but with caution 
so as to assist, rather than hinder, the animal’s recovery. Once stabilized the animal 
may go to a holding area for recuperation and if very young, will need to grow to an 
appropriate size before being considered for release. Holding area regulations are not 
under the guidance of APHIS (Animal and Plant Health Inspection Service of the 
United States Department of Agriculture) if the area does not involve the public, and 
currently guidelines are being developed to describe suitable standards for decision-
making processes for animals being prepared for release.

20.9.2  �Dugong

The rescue and rehabilitation of dugongs in Australia is usually conducted as a joint 
effort between the responsible government agency and the locally capable rehabili-
tation center. Without the same formal guidelines as the USA, all rescue efforts are 
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undertaken on a case-by-case basis where the survivability of the animal, practical-
ity of rescue, and welfare of the animal are taken into consideration by experts and 
an appropriate course of action is determined.

Traditionally, rehabilitation has been considered a challenge for dugong with 
low success rates in rearing calves. However, with medical advances many com-
mon ailments are routinely successfully treated and the animal released. 
Considerations for release above medical clearance include the animal’s ability to 
find a herd it can join.

All strandings and mortalities are reported to the appropriate state agency and 
reflected in annual reports produced by each agency for the species.

20.10  �Sirenian Welfare Expectations

The subjective determination of sirenian welfare principles is based upon a set of 
assumptions and expectations held by a number of groups and organizations. 
These may vary from country to country. The general tendency for these organiza-
tions is to “self-discover” their approach to sirenian welfare, which results in a 
wide variation in the rate of progress and the areas of importance which are 
emphasized.

There is a consistency in the principles of care between many manatee and 
dugong. These approaches are usually based on expectations and guidelines estab-
lished by organizations dedicated to improving the care of managed animals. This 
is aided by open communication between facilities and through support of their 
governments to present a unified approach to sirenian care. The goals of some facili-
ties are geared more to education and of others toward human interaction as the 
method of engaging the public. Perceived challenges to the health of wild manatees 
are listed in Table 20.2, and challenges seen in managed animals and rescued ani-
mals are listed in Table 20.3.

Table 20.2  List of 
common health 
challenges to wild 
manatees

1. Infectious diseases—parasitic, intestinal, toxoplasmosis (rare)
2. Trauma—watercraft, flood gates, chronic injury
3. Biotoxins—red tide, others undiagnosed
4. Pollutants
4. Algal blooms with food disruption—seagrass die-off
5. Cold stress—cold mortality
6. �Neonatal mortality—inanition, maternal separation, maternal 

abandonment
7. �Exuberant tourism—displacement from warm water sites, 

feeding interference
8. Loss or modification of habitat
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20.11  �Species Specific Needs

Each species that has evolved in a specific environment has a genetically based set 
of needs that should be understood and addressed for the individuals, populations, 
and species to survive and thrive in a different habitat. Those needs include ade-
quate and proper food availability, a suitable supportive habitat that is resilient in 
the face of change, access to the opposite gender for reproduction, and ability to 
vary their location to allow options for the acquisition of those needs. There are 
additional needs that may be linked to age for calf survival and growth, and others 
may be influenced by gender during breeding seasons. It is therefore reasonable 
to suggest that managed environments should strive as far as possible to replicate 
these provisions. Proper physical environments requiring movement for food or 
migration activity enhance the musculoskeletal or physical requirements. Though 
slow moving, the manatee moves during its foraging activity day to day and in 
some cases migrates great distances across the seasons to take advantage of other 
food sources located outside the normal range during warm weather. In addition 
to measured movement, both manatees and dugongs can swim rapidly for short 
periods of time to avoid danger.

One frequently encountered issue, at least for Florida manatees, is obesity. In 
facilities, and with restricted pool or lagoon volume, and reduced movement 
requirements, overfeeding can become a problem for long-term-managed ani-
mals. This is exacerbated for those that have access to excess food material when 
in multiage groups, especially if maintained in a group with juveniles who need 
extra food for growth. The solution to excess body weight is either diet control 
based on regular measurement of body weight or to increase exercise. Food 
restriction is difficult without separation of the different ages, and promoting 
increased activity is a challenge in that the animal’s activity is based on foraging 
behavior or migration, and so providing adequate space and establishing multiple 
feeding stations to achieve this increased activity may not be practical. Nonetheless, 
obesity can be a problem, so working with input from a nutritionist may be help-
ful. Suggestions to use swim in place systems (powered water flows) within facili-
ties designed to encourage movement seem logical but also difficult to implement 
and maintain.

1. Obesity—appropriate wild diet availability
2. �Repetitive hormonal cycling of females—hormone-

related skin disease, in appetence, secondary illness
3. Male-related dominance behavior
4. Age-related reproductive tumor formation in old females
5. �Chronic injury and infection secondary to initial 

traumatic injury

Table 20.3  List of common 
health challenges to managed 
manatees
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20.12  �Improving Sirenian Welfare with Managed Care 
Facilities

In the USA, there are often multiple organizations involved in the monitoring of 
both wild and managed sirenian welfare. Government agencies such as FWC are 
very active in the areas of rescue work (in collaboration with the facilities), manatee 
habitat, and cause of death research, through necropsy of all manatees that die. 
There are nongovernmental organizations such as the Save The Manatee Club that 
are involved in public education, legislative monitoring and action, as well as coop-
eration with facilities and manatee support organizations which advocate protection 
of the animal habitat and support for alliances between the public, universities, 
agencies, and facilities.

The immense pressures on all species due to human encroachment on their 
environments, physically, through habitat destruction, and through changes from 
indirect activity such as pollution, require that education of the general population 
becomes a priority for all animal species, whether wild or maintained. Though 
some people are opposed to keeping marine mammals in captivity, this rigid posi-
tion is not seen by ourselves to be ultimately practical or sustainable and ignores 
the continual pressures placed on habitats by those who do not identify with the 
value of the animals or their environments. Education is the lynchpin for any the-
ory of success related to wild animals. The goal of education is to identify with 
these species on an individual and “personal” level but also as part of the balance 
of the planet. This makes the education challenge more daunting since it is not 
limited to the animal alone, but how it fits into the ecosystem. Contrary to some 
beliefs, maintained animals can serve a function in this effort since a large per-
centage of people do not have a motivation to “care” unless there is a personal link 
to the animal. People’s viewpoints vary, and efforts must address the wide range 
of learning styles. If sirenians are maintained in either man-made or “natural envi-
ronments” (all environments are now to some degree modified by man), the 
requirements for their lives must include physically and mentally suitable living 
standards for all phases of life. The factors influencing successful managed care 
may include individual animal idiosyncrasy (personality) and maladaptation, defi-
ciencies in husbandry, age, species maladaptation, facility, or environmental nega-
tives such as noise, crowding, gender imbalance, lack of a sanctuary, or lack of 
adequate space.

Education should not be limited to the general public and must extend into the 
facilities involved with their care. There is a significant interest to develop metric 
systems for wellness (Clegg et al. 2015). While some caregivers are talented in their 
ability to identify with health challenges that the animal exhibits, it may be difficult 
for others to associate health status changes with environmental inadequacy or poor 
social structure. It can be challenging to align conservation of the species, public 
awareness, the growing need for ongoing improvement to facilities housing sireni-
ans, and the need to better diagnose, care, treat, and release these animals.

M.T. Walsh and D.J. Blyde
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20.13  �Conclusions

To improve managed care, there should be an effort to develop universal species 
suitable standards of husbandry and care determined by bringing together all the 
current information regarding sirenian health parameters. This includes both physi-
cal and mental needs, which, while very difficult to assess, should start with a review 
of all facilities worldwide with an emphasis placed on the medical conditions and 
behavioral responses seen. In species that cannot vocalize their needs or express 
them very clearly through behaviors, then caretakers should be trained to recognize 
obvious, as well as subtle expressions of needs related to species suitable standards. 
Measurement and interpretation of animal welfare or wellness/well-being is depen-
dent on the quality of the protocols in place which can detect insufficiencies in care 
or the expression of mental or physical health challenges.

References

Barbour T (1937) Birth of a manatee. J Mammal 18:106–107
Bossart G (2001) Manatees. In: CRC handbook of marine mammal medicine: health, disease and 

rehabiliation, 2nd edn. CRC Press, Boca Raton, pp 939–960
Chapman HC (1875) Observations on the structure of the manatee. Proc Acad Natl Sci Phila 

27(3):452–462
Chittick EJ, Walsh MT, West G, Heard D, Caulkett N (2008) Sirenians (manatees and dugongs). 

In: Zoo animal and wildlife immobilization and anesthesia. Blackwell, Hoboken, pp 497–505
Clark B (1976) Florida manatee born at Miami Seaquarium on 3 May 1975. Int Zoo News 

131:37–38
Clegg I, Borger-Turner J, Eskelinen H (2015) C-well: the development of a welfare assessment 

index for captive bottlenose dolphins (Tursiops truncatus). Anim Welf 24:267–282
Crane A (1881) Notes on the habits of the manatees (Manatus australis) in captivity in the Brighton 

aquarium. Proc Zool Soc London 49(2):456–460
Dekker D (1980) Pre-and postnatal behaviour in the manatee Trichechus manatus in captivity. 

Aquat Mamm 8:21–26
Deutsch CJ, Self-Sullivan C, Mignucci-Giannoni A (2008) Trichechus manatus. The IUCN Red List 

of Threatened Species 2008: e.T22103A9356917. http://www.iucnredlist.org/details/22103/0.  
Accessed 8 Nov 2016

Elliott H, Thomas A, Ladds P, Heinsohn G (1981) A fatal case of salmonellosis in a dugong. 
J Wildl Dis 17:203–208

European Endangered Species Preservation Program (EEP). Europaeisches Erhaltungszuchtprogram-
Nuremberg coordinates the breeding program for manatees. http://www.eaza.net/activities/cp/Pages/
EEPs.aspxlvfersen@odn.de. Accessed 8 Nov 2016

Florida Fish and Wildlife Conservation Commission (2016) 2015 Manatee Mortalities. http://
myfwc.com/research/manatee/rescue-mortality-response/mortality-statistics/2015/. Accessed 
8 Nov 2016

Flower WH (1881) Notes on the habits of the manatee. In: Proceedings of the Zoological Society 
of London, pp 453–456

Jones S (1959) On a pair of captive dugongs (Dugong dugon) (Erxleben). J Mar Biol Assoc India 
1:198–202

20  Sirenian Health and Well-Being in Managed Care

http://www.iucnredlist.org/details/22103/0
http://www.eaza.net/activities/cp/Pages/EEPs.aspxlvfersen@odn.de
http://www.eaza.net/activities/cp/Pages/EEPs.aspxlvfersen@odn.de
http://myfwc.com/research/manatee/rescue-mortality-response/mortality-statistics/2015/
http://myfwc.com/research/manatee/rescue-mortality-response/mortality-statistics/2015/


380

Keith Diagne L (2015) Trichechus senegalensis. In: The IUCN Red List of Threatened Species 2015: 
e.T22104A81904980. http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T22104A81904980.en. 
Accessed 8 Nov 2016

Lim, D (2016) Image of a tethered, dugong in Indonesia. http://www.dailymail.co.uk/news/article-
3496001/Pictures-Indonesia-rare-dugong-mother-chained-caged-underwater.html. Accessed 
12 Dec 2016

Marmontel M (2008) Trichechus inunguis. The IUCN Red List of Threatened Species 2008: e.
T22102A9356406

Marsh H (1997) Dugongs. In: Stranded marine wildlife workshop hosted by Queensland Department 
of Encironment an Sea World Enterprises, Sea World Nara Resort, Main Beach, QLD

Marsh H, Sobtzick S (2015) Dugong dugon. The IUCN Red List of Threatened Species 2015: e.
T6909A43792211. http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T6909A43792211.en. 
Accessed 8 Nov 2006

Murie J (1872) On the form and structure of the Manatee (Manatus americanus). Trans Zool Soc 
Lond 8:127–220

Murphy D (2003) Sirenia. Zoo and wild animal medicine, 5th edn. Elsevier Science, St. Louis, 
pp 476–482

Walsh M, Bossart G (1999) Manatee medicine. In: Zoo and wild animal: current therapy. 
W.B. Saunders Company, Philadelphia, p 747

Walsh MT, de Wit M (2015) Sirenia. In: Fowler’s zoo and wild animal medicine, vol 8. 
W.B. Saunders, St. Louis, pp 450–457

Woods R, Ladds P, Blyde D (2008) Dugongs. In: Medicine of Australian mammals. CSIRO 
Publishing, Collingwood, pp 615–627

M.T. Walsh and D.J. Blyde

http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T22104A81904980.en
http://www.dailymail.co.uk/news/article-3496001/Pictures-Indonesia-rare-dugong-mother-chained-caged-underwater.html
http://www.dailymail.co.uk/news/article-3496001/Pictures-Indonesia-rare-dugong-mother-chained-caged-underwater.html
http://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T6909A43792211.en


381© Springer International Publishing AG 2017 
A. Butterworth (ed.), Marine Mammal Welfare, Animal Welfare 17, 
DOI 10.1007/978-3-319-46994-2_21

Chapter 21
Assessing Welfare of Individual Sirenians 
in the Wild and in Captivity

Mark Flint and Robert K. Bonde

Abstract  Assessing the welfare of wild populations of sirenians has required a 
“generalist” approach. The outcome has been a subjective decision as to whether 
what the observers are witnessing in an individual or group of animals is normal and 
whether that has positive or negative consequences. The understanding of sirenian 
welfare requirements, and a decision process for whether to support and maintain 
their natural habitats or to try to replicate it in a meaningful way in an artificial cap-
tive setting, is still in its early developmental stages and has dynamic qualities that 
are in need of urgent attention. In this chapter we use the knowledge and observa-
tions presented throughout the chapters on sirenians to outline a proposed standard 
approach for assessing welfare in individuals in wild populations, as well as guide-
lines for assessing captive groups of dugongs and manatees. In the wild, the suit-
ability of the habitat and human impact on it, the limitations of carrying capacity, 
the dynamics of ecosystems, and the effects that the immediate environment will 
have on the known resident populations are examined. In captivity, we use the foun-
dation of the Five Freedoms, based on experience derived from other captive spe-
cies, and we combine this with experience from rehabilitating manatees in Europe 
and the United States and, more recently, dugongs in the Indo-Pacific, to identify 
requirements and to help us to assess the unique needs of these species when held 
in facilities. We present considerations and approaches to (1) holistically assess cap-
tive facilities and to assess the well-being of the individuals held in the facility, (2) 
derive a guideline for standard captive assessment, (3) determine if adequate wel-
fare needs for the animals are being met, and (4) help to provide guidance on 
whether an animal is suitable for release after rehabilitation.
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21.1  �Introduction

Most vertebrate species, and especially the primate species, have detailed accounts 
of natural behavior and habitat usage, which has enabled a comprehensive baseline 
of collective knowledge to be used to assess their well-being in any given situation 
(Goodall 1986). Unlike these well-studied wild species, assessing the welfare of 
wild populations of sirenians has required a more “generalist” approach. Biologists, 
mariners, ecologists, veterinarians, pathologists, and modelers have collaborated to 
bring together segregated data and anecdotal information and to consider multiple 
environmental, populational, and individual characteristics which may correlate 
with certain specific behavioral responses. The outcome has been a subjective deci-
sion as to whether what the observers are witnessing in an individual or group of 
animals is normal and has positive or negative consequences for their welfare. In 
some ways the understanding of sirenian welfare requirements, and a decision pro-
cess for whether to support and maintain their natural habitats or to try to replicate 
it in a meaningful way in an artificial captive setting, is still in its early developmen-
tal stages and has dynamic qualities that are in need of urgent attention.

In this chapter we use the knowledge and observations presented in the preceding 
chapters on sirenians to outline a proposed standard approach for assessing welfare 
of individuals in wild populations, as well as guidelines for assessing captive groups 
of dugongs and manatees.

In the wild, the suitability of the habitat and human impact on it, the limitations 
of carrying capacity, the dynamics of ecosystems, and the effects that the immediate 
environment will have on the known resident populations are examined.

In captivity, we use the foundation of the Five Freedoms (Farm Animal Welfare 
Council 1979), based on experience derived from other captive species, and we 
combine this with experience from several decades of rehabilitating manatees in 
Europe and the United States and, more recently, dugongs in the Indo-Pacific, to 
identify factors, judge their relative importance, and so help us to assess the unique 
needs of these species when held in captive facilities.

We present considerations and approaches to (1) holistically assess captive facil-
ities and to assess the well-being of individuals held in the facility, (2) derive a 
guideline for standard captive assessment, (3) determine if adequate welfare needs 
for the animals are being met, and (4) provide guidance as to whether the animal is 
suitable for release after rehabilitation.

21.2  �Wild: Indirect Assessment of Individuals 
in a Population

Indirect assessment of an individual can be carried out by assessing the features of 
the environment and then by applying a decision-making process on the suitability 
of those conditions relative to the carrying capacity for a particular group of animals 
that use or live in that area. This is not a straightforward approach, and many 
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complex interactions, including those of competing species and humans, result in 
the need for best judgment as opposed to a set of rigid guidelines. However, it is 
quite possible to clearly determine the suitability of an environment to harbor 
dugongs and manatees, based on the assessment of known desirable 
characteristics.

High levels of human activity and occupation can deter use of a preferred area. 
Harmful algal blooms, such as red tide (Karenia brevis) exposure in Florida, can 
cause severe morbidity and mortality during blooms. A cyanobacterium (Lyngbya 
majuscula) can cause irritation, and its persistent presence in an area is not condu-
cive with maintaining an ecosystem suitable for sirenians (Capper et  al. 2013; 
Landsberg et al. 2009).

Global climate impacts are making site suitability a dynamic process. In Africa 
and South America, it cannot now be assumed that a body of water present during the 
rainy season will persist through the dry season and hence be perennially available. It 
is probable that this type of environmental unpredictability will become more preva-
lent as climate change impacts regions over the coming decades. Assessment of sites 
for long-term suitability should consider the possibility that some areas may become 
unsuitable habitats, and this should be considered alongside the human social impli-
cations of desertification discussed in the climate change chapter (Chap. 19).

Finally, increasing public awareness of the challenges faced by marine mammals 
over the last decade has resulted in a more informed public, and well-intentioned 
public now commonly directly alert authorities when they observe something which 
they perceive is amiss in the environment. This improved communication has 
allowed a greater capacity for those tasked with monitoring and assessing the well-
being of sirenians, by enabling rapid collection of up-to-date information across 
huge geographical areas and through rapid reporting of “tip-offs” regarding poten-
tial issues or hotspots. This information directly assists efforts to manage imperiled 
sirenian stocks.

21.3  �Wild Animals: Assessing Welfare at the Individual 
Level

Wild caught manatees and dugongs offer a rare direct insight into the health of 
members within the population (Figs. 21.1, 21.2, and 21.3). The assessment of the 
well-being of these individuals may allow decisions to be made based on welfare 
criteria which support responsible approaches to mitigation of problems.

The assessment of animals by radio tracking can offer useful information on the 
interaction of individuals within their environment (Flamm et al. 2005). The use of 
satellite telemetry and microchipping as part of a capture-mark-recapture program 
may yield vital data on (1) animal movement (distribution) and use of habitat or 
structures (seagrass beds, warm water refuges), (2) migratory patterns, (3) home 
range patterns, and (4) response to perturbations and anthropogenic activities 
(Fig. 21.4). Although considered to be of minimal risk to the animal and to present 
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Fig. 21.1  Manatee capture for health assessments. The animal is encircled by a net deployed from 
a boat (see behind manatee) and carefully captured by manually pulling the net to shore. Image 
credit: Sirenia Project—United States Geological Survey

Fig. 21.2  The animal is intensively monitored while medical and biological data is collected prior 
to release within approximately 30 min. Image credit: Sirenia Project—United States Geological 
Survey
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Fig. 21.3  Dugong in a capture-mark-recapture study. These are usually performed by a “rodeo 
technique” where a jumper captures and secures the animal from a moving vessel. The animal is 
then supported either on or next to the vessel or by people in the water as shown in this image. 
Image credit: Department of Environment and Heritage Protection StrandNet

Fig. 21.4  Attaching a satellite telemetry tag to a dugong in southern Queensland, a region with a high 
urban population. This study determined the movements of dugong with respect to anthropogenic and 
climatic pressures. Image credit: Department of Environment and Heritage Protection StrandNet
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only a short-term impediment, it is advised that any wild sirenian capture program 
includes documented welfare considerations or guidelines for reference during cap-
ture. Invasive methods are often used to collect samples from individuals for bio-
logical and health assessments, and this sampling is commonly incorporated into 
programs during tagging (Gerlach et al. 2015; Sulzner et al. 2012). This approach 
can yield detailed data on the functional health of the population, and allows deter-
mination of physiological parameters, and can guide responses to current environ-
mental conditions or challenges. In addition to health (clinical pathology, body 
condition, abnormalities), other ancillary indicators of survivorship, such as nutri-
tional state and reproductive status, can be determined during tagging procedures.

Guidelines could include assessment and minimization of the risk of death dur-
ing handling and assessment of the ongoing effect of placement of any radio tag 
attachments or tissue or blood sampling used in research, which may have an 
adverse impact on the animal during the collection procedure or after release.

Live stranding of animals and the subsequent veterinary assessment and/or treat-
ment of stranded individuals may help to identify that a part of the population is not 
performing well (Flint et al. 2010). These cohorts could be considered surrogates or 
proxies for assessing the health of the population. Furthermore, these individuals 
may highlight what the parameters of assessment should be for examining the health 
of the population. Frequently, the assessments carried out on stranded individuals 
include a baseline assessment of (1) body condition, body mass index, and/or nutri-
tional status; (2) identification and diagnosis of disease; (3) behavioral response to 
capture and mentation or discussion of any indicators on the animal which may 
indicate a stress response and the current capacity of the animal to cope; and (4) the 
presence of injuries or external indicators of health status (e.g., parasites).

The collection of ancillary scientific data from these animals during rehabilita-
tion has helped create physiological and anatomical baselines and expands our 
understanding of the requirements for the health and well-being of individuals. 
Combining this data with the environmental needs of the animal in a particular habi-
tat, we can make better informed decisions on the requirements for maintaining a 
captive animal (if required) and what steps need to be taken prior to releasing an 
individual back into the wild.

21.4  �Captive Animals: Assessing Welfare at the Facility Level

While many of the principles outlined for assessing individuals in the wild can be 
applied to assessing individuals at the facility level, there are additional consider-
ations due to the potential for high stocking densities within facilities, resulting in 
low space/or water volume provided per  animal when compared to the natural 
environment. In order to optimize an animal’s artificial environment, assessment 
in captivity should take into consideration, as minimum, the Five Freedoms—
standards derived for the holding of animals by the UK Farm Animal Welfare 
Council (1979).
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The Five Freedoms simply outline that all animals held in captivity should have:

	1.	 Freedom from hunger and thirst by ready access to freshwater and a diet to main-
tain full health and vigor

	2.	 Freedom from discomfort by providing an appropriate environment including 
shelter and a comfortable resting area

	3.	 Freedom from pain, injury, and disease by prevention or rapid diagnosis and 
treatment

	4.	 Freedom to express normal behavior by providing sufficient space, proper facili-
ties, and company of the animal’s own kind

	5.	 Freedom from fear and distress by ensuring conditions and treatment which 
avoid mental suffering

To achieve this, we strive to determine the necessary needs and wants of the spe-
cies. Using our wild habitat knowledge for sirenians, we should provide:

	1.	 Access to freshwater, appropriate seagrasses, and freshwater vegetation or sub-
stitutes located in a natural feeding location (i.e., on the floor for dugongs)

	2.	 Protection from the sun, in the form of shade, replicate diurnal cycles when using 
indoor lighting, providing areas for isolation, and the ability to swim and turn 
unhindered

	3.	 Available medical care and daily observation of health status
	4.	 Tank design and size with adequate space per animal
	5.	 Selection of structures, tools for enrichment development, and tank mates that 

allow social interaction in an environment safe from non-predatory hazards and 
one where areas are available for sanctuary from predators/competition/the pub-
lic, while still achieving the general goals of the Five Freedoms

As is the case in many attempts to improve the welfare of facility inhabitants, the 
use of the Five Freedoms and creation of expected standards run the inherent risk of 
anthropomorphizing and the projection of personal human wants onto the animals. To 
avoid this wherever possible, reference to scientific data and analysis of the meaning 
of this data should form the basis of decision-making or as a reference. Robust data 
which can satisfy these needs can be derived from previous dugong and manatee cap-
tive experiences and our knowledge of their free-ranging behaviors and requirements.

There are additional considerations when artificially housing behaviorally com-
plex species. The nature of the artificial housing may require adaptive behaviors that 
are otherwise not seen in the wild in order to maintain social structure and to support 
the well-being of individuals. For example, dominance structures exist in many 
hierarchical groups with a leader of each herd, flock, or group. This dominant posi-
tion may be held by different members of the group for different activities, such as 
feeding, drinking, sleeping, or mating rights. With increased stocking densities and 
altered habitat, these activities may require the addition of complexities greater than 
observed in the wild or the creation of new dominance opportunities, like novel 
activities, to artificially develop and maintain social structure and help alleviate 
stress. This has been previously documented in other free-ranging species that 
become intensively managed (Flint and Murray 2001).
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Conversely, natural dominance behaviors that exist in the wild may need to be 
curtailed in a captive environment. For example, for manatees, dominant (usually 
bigger) individuals may take more food than smaller individuals. This could lead to 
some smaller animals not getting the required minimal nutrition as a “behavioral 
expense” of being housed with larger individuals, if this is not monitored and con-
trolled. Regarding the dugong, males can dominate other males, females, and juve-
niles by use of their tusks to rake (scar) herd mates into submission. If left unchecked 
in an enclosure, this could potentially lead to severe injury or morbidity and 
mortality.

For sirenians, natural and artificially induced behaviors are still an area of rapid 
learning for the animal keepers, with facility design requiring separate feeding areas 
and segregation of captive animals by size, sex, and breeding status as we progres-
sively learn more about how to safely allow cohort interactions.

Building on the Five Freedoms, several principles have been proposed as being 
necessary to ensure animal welfare (Barnett and Hemsworth 2009):

	1.	 Minimize stress.
	2.	 Minimize negative emotions.
	3.	 Maximize positive emotions.
	4.	 Ensure adaptation.
	5.	 Provide opportunity for normal or natural behaviors.
	6.	 Provide natural environments.

One advantage afforded to manatees is that, as a Federally protected species, a 
consistency can be achieved through Federal standards being established for the 
care and management of sirenian undergoing rehabilitation in the United States. 
Unfortunately, this has not been achieved globally and would require many territo-
ries and countries to adopt the same guidelines or standards. The creation of US 
Federal standards effectively prescribes minimum standards against which all other 
needs may be assessed. In other parts of the world, outlined minimum requirements 
to optimize welfare tend to be based on each individual facility’s best practices.

In the previous chapter (Chap. 20), Walsh and Blyde identified a range of health 
considerations and minimum standards which should be adopted in captive mana-
tees and dugongs. Addressing Barnett and Hemsworth’s (2009) principles, and 
common to all facilities, were space requirements, diet, and tank environmental 
factors. In some of the more resource-limited countries where standards are not as 
rigorously monitored, advocacy and assessment of the welfare of the dugongs or 
manatees may benefit from the input of special interest groups, and public reaction 
in these countries is starting to influence change and activity to support the safety, 
comfort, and health of these animals.

Finally, environmental enrichment has been a tool used in many aquatic and ter-
restrial species to combat negative behaviors and to provide a source of stimulation 
for the facility inhabitants (Anzolin et al. 2014). Sirenia are highly tactile animals, 
so the incorporation of novel objects in their enclosure such as flowing water or 
“toys” is believed to have beneficial effects on social development and cognitive 
abilities.
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21.5  �Captive Animals: Assessing Welfare at the Individual 
Level

When there is limited published data and all appropriate anecdotal knowledge has 
been employed, one mechanism to assess how effectively a captive enclosure is 
working is the behavioral response of the individuals within the facility. Two ways 
in which this can be achieved without the need to directly handle the animal are 
through the assessment of normal or stereotypical behaviors and through the 
public’s response to the display and the animals in it.

Stereotypical behaviors have been reported in captive sirenians (Anzolin et al. 
2014). One of the sirenians that the authors have dealt with had spent the majority 
of its 20-year life in captivity. While sirenians are usually docile animals in the wild, 
this individual was certainly not when people entered his tank to restrain him. He 
would quickly swim circles around the perimeter of the tank (the stereotypic part of 
the behavior) and repeatedly and rapidly head-butt anything in his path to avoid and 
prevent capture. This anticipation of an impending event posed a risk to any people 
in the pool but also illustrated the cognitive capacity of sirenians and their ability to 
respond to specific actions or perceived threats. Avoidance of these types of specific 
reaction, and steps to avoid the stimulus responsible or to prevent these types of 
behaviors, should be given consideration when dealing with individuals held in 
long-term captive situations.

With increased public awareness of the needs of captive animals, including sire-
nians, as well as the public demand for quality care in captivity, the comments made 
by guests about their experience of the animals are considered an important and 
rapid feedback mechanism to determine how well the animals are coping in captiv-
ity. This creates a two-way street for information, with facilities being an avenue to 
get the message out about conservation education and issues facing manatees and 
dugongs, but also producing a keen-eyed public that is informed and able to look for, 
and detect, signs of discontent. This public “eye,” linked with the capacity for the 
public to be vocal (particularly through social media) about any anomalies or injus-
tices they perceive, creates a situation in which public response to a situation is a 
very sensitive barometer for poor captive care. A case in point was a captive manatee 
in Venezuela that was being fed meat. The local zoo did not know that manatees were 
herbivores, but when this was observed and reported by a concerned citizen, the 
caretakers made amends and started feeding the malnourished manatee vegetation.

21.6  �Guidelines for Use of Sirenians in Research

Research on both wild and captive sirenians follows the nationally adopted 
Institutional Animal Care and Use Committee (IACUC) standards based on the 
Animal Welfare Act in the United States, Animal Ethics Committee (AEC) stan-
dards based on the institute’s state Animal Welfare Act in Australia, and systems 
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such as Animal Research: Reporting In Vivo Experiments (ARRIVE) as part of the 
United Kingdom’s 3R’s (Replacement, Refinement, Reduction) to create standards 
to help maintain the well-being of these animals. These guidelines may also be used 
to provide information for intensive management.

21.7  �Release of Sirenians Back into Their Natural 
Environment

In the United States and Australia, it is not legal to hold sirenians for public display. 
They can only be held in captivity for the purposes of medical treatment and rehabili-
tation, with the final intent of release back into the wild. Exceptions to this are if a 
panel of experts agree formally that the animal is non-releasable; that is, if the animal 
were to be returned to the wild, it would not be likely to survive or pose an imminent 
threat to the wild population. This is, in part, based on a determination of the animal’s 
inability to thrive in the wild, or it is a health threat to the wild population.

When releasing sirenians back into their natural environment at the end of reha-
bilitation, there are several important considerations. In addition to requiring that 
the individual is free from disease and confirmation that they are suitably recuper-
ated to survive unassisted in the wild, we must consider the environment and the 
resident population. Any release of animals must consider the genetic benefits and 
consequences of crossbreeding. This can occur through placing an animal from a 
different genetic population into a new area. Benefits might include the potential 
of hybrid vigor, but consequences might result from introducing a maladapted 
individual into a novel set of environmental conditions. In a similar way, the release 
of animals into inappropriate habitats, regardless of genetic effects, may be detri-
mental. The animals require “basic local knowledge” to meet the challenges for 
survival in a given area, such as finding access to freshwater (manatees), to food, 
to cohorts, to shelter (the location of warm water during winter in some popula-
tions), and to protection (from predators, human interactions, and loss of habitat).

Captive breeding programs have often been used as a final effort by recovery 
teams for critically endangered species. However, by the time a captive breeding 
program is implemented, it may be too late as there is already a low reproductive 
rate on captive bred animals. Most regional wildlife managers would prefer to allow 
sirenian species to breed successfully in the wild, but with some local populations 
at risk of going extinct, there is discussion about species reintroduction back into 
some extirpated areas.

21.8  �Captive Assessment Guidelines

A tabulated score sheet (Table  21.1) is presented as an example of a potential 
approach to assessing the parameters we have discussed above and in the preceding 
chapters. It is by no means definitive or accurate for every facility, and any assessor 
could create their facility-specific own score sheet using this table as a guide.

M. Flint and R.K. Bonde
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Table 21.1  Assessing captive sirenian habitat suitability by the use of a cumulative weighted 
welfare parameter score

Facility assessment Total
Parameter Subparameter Factor 1 Factor 2 Factor 3

Housing Cohorts in tank (#) 2 (10) 0 (5) 5+ (5)
Other species in 
tank

No (5) Yes (0)

Predators No (5) Yes (−5)
Depth of tank >2 m (5) <2 m (0)
Area/animal 4 × length (10) 2 × length (5) <2 × length (0)
Salinity-manatee Freshwater (10) Brackish (8) Saltwater (4)
Salinity-dugong Saltwater (10) Brackish (6) Freshwater (2)

Enrichment Included in tank Yes (5) No (0)
Form/structure 
used

Complex (10) Cognitive (10) Other  
objects (5)

Public contact 
allowed in tank?

No (5) Yes (−10)

Five 
Freedoms

Nutrition Good (10) Poor (−10)
Shelter Adequate (10) Absent (−10)
Normal Behavior Yes (scored 

below)
No (0)

Freedom from fear Yes (10) No (−10)
Health care 
assessments

Daily (10) Weekly (2) None (−10)

Individual Assessment (including answers based on those already housed)

Behavior Demeanor Passive (5) Aggressive 
(−10)

Eating Well (5) Small qty. (0) No (−10)
Stereotypies (of 
others in tank)

No (10) Yes (−25)

Average stay of 
animals in tank

<6 months (5) >6 months (0)

Weight change in 
first 28 days

Gained  
weight (10)

Same  
weight (5)

Lost >5% 
weight (−20)

Medical issue (new 
since arrival)

No (10) Yes (−20)

Release Date/timing of 
release

Known (20) Unknown 
(−10)

Release site 
suitability

Known (20) Unknown 
(−20)

Total

The premise of the assessment is that each parameter is assessed as accurately as 
is possible and the appropriate response is circled. Each response has a numeric 
value in parentheses next to it. From these values, each line is tallied (aggregated) 
to provide a subtotal. All assessments should be given a score, as some parameters 
may subtract from the final overall aggregated score. The subtotals are then tallied 
to provide a final score. In this example, a score of ≥100 is proposed to indicate a 
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suitable facility, 80–99 may require further investigation and resource or other 
inputs prior to use of the facility, and <80 suggests the facility may not be suitable 
for the holding of sirenians.

21.9  �Conclusions

The dugong and manatees are a group of species that is held in high regard by the 
public, and yet they are all threatened across the world. Through the efforts of many 
conservationists over the last few decades, it has been possible to collate a large 
amount of learned information about these animals and, to gain a greater under-
standing of their biology, habitat requirements and what is required to maintain 
these animals in healthy environments. In Chaps. 17–21 we have identified a range 
of human and natural threats that are creating stressed habitats and which are chal-
lenging sirenian survivorship. We have surveyed sirenian caretakers and the avail-
able literature to propose a standard set of requirements to assist successful care for 
individuals in rehabilitation. Finally, we used this collective knowledge to create 
and interpret assessments for wild and captive dugongs and manatees.

We hope that these chapters can improve the welfare of wild and captive sireni-
ans and serve as a foundation from which to further fill in the gaps which exist in 
critical knowledge. With the current shift in public perception, and an increase in 
public awareness of the plight of numerous species, we hold hope that sirenians will 
become another recovered species that can be enjoyed for generations to come.

References

Anzolin DG, de Carvalho PSM, Viana PC, Normande IC, Souto AD (2014) Stereotypical behav-
iour in captive West Indian manatee (Trichechus manatus). J  Mar Biol Assoc UK 
94:1133–1137

Barnett JL, Hemsworth PH (2009) Welfare monitoring schemes: using research to safeguard wel-
fare of animals on the farm. J Appl Anim Welf Sci 12:1–17

Capper A, Flewelling LJ, Arthur K (2013) Dietary exposure to harmful algal bloom (HAB) toxins 
in the endangered manatee (Trichechus manatus latirostris) and green sea turtle (Chelonia 
mydas) in Florida, USA. Harmful Algae 28:1–9

Flamm RO, Weigle BL, Wright IE, Ross M, Aglietti S (2005) Estimation of manatee (Trichechus 
manatus latirostris) places and movement corridors using telemetry data. Ecol Appl 
15:1415–1426

Flint M, Murray PJ (2001) Lot fed goats- the advantages of environmental enrichment. Aust J Exp 
Agric 41:473–476

Flint M, Patterson-Kane JC, Limpus CJ, Mills PC (2010) Health surveillance of stranded green 
turtles in southern Queensland, Australia (2006–2009): an epidemiological analysis of causes 
of disease and mortality. Ecohealth 7:135–145

Gerlach TJ, Estrada AH, Sosa IS, Powell M, Lamb KE, Ball RL, de Wit M, Walsh MT (2015) 
Establishment of echocardiographic parameters of clinically healthy Florida Manatees 
(Trichechus manatus latirostris). J Zoo Wildl Med 46:205–212

M. Flint and R.K. Bonde

http://dx.doi.org/10.1007/978-3-319-46994-2_17
http://dx.doi.org/10.1007/978-3-319-46994-2_21


393

Goodall J (1986) The chimpanzees of Gombe: patterns of behavior. The Belknap Press of Harvard 
University Press, Cambridge, p 673

Landsberg JH, Flewelling LJ, Naar J (2009) Karenia brevis red tides, brevetoxins in the food web, 
and impacts on natural resources: decadal advancements. Harmful Algae 8:598–607

Sulzner K, Johnson CK, Bonde RK, Gomez NA, Powell J, Nielsen K, Luttrell MP, Osterhaus A, 
Aguirre AA (2012) Health assessment and Seroepidemiologic survey of potential pathogens in 
wild Antillean manatees (Trichechus manatus manatus). PLoS One 7. doi:10.1371/journal.
pone.0044517

UK Farm Animal Welfare Council (1979) The five freedoms. http://webarchive.nationalarchives.
gov.uk/20121007104210/http:/www.fawc.org.uk/freedoms.htm. Accessed 21 Nov 2016

21  Assessing Welfare of Individual Sirenians in the Wild and in Captivity

http://dx.doi.org/10.1371/journal.pone.0044517
http://dx.doi.org/10.1371/journal.pone.0044517
http://webarchive.nationalarchives.gov.uk/20121007104210/http:/www.fawc.org.uk/freedoms.htm
http://webarchive.nationalarchives.gov.uk/20121007104210/http:/www.fawc.org.uk/freedoms.htm


Part IV
Polar Bear



397© Springer International Publishing AG (outside the USA) 2017 
A. Butterworth (ed.), Marine Mammal Welfare, Animal Welfare 17, 
DOI 10.1007/978-3-319-46994-2_22

Chapter 22
Human–Polar Bear Interactions in a Changing 
Arctic: Existing and Emerging Concerns

Todd C. Atwood, Kristin Simac, Stewart W. Breck, Geoff York, 
and James Wilder

Abstract  The behavior and sociality of polar bears (Ursus maritimus) have been 
shaped by evolved preferences for sea ice habitat and preying on marine mammals. 
However, human behavior is causing changes to the Arctic marine ecosystem 
through the influence of greenhouse gas emissions that drive long-term change in 
ecosystem processes and via the presence of in situ stressors associated with increas-
ing human activities. These changes are making it more difficult for polar bears to 
reliably use their traditional habitats and maintain fitness. Here, we provide an over-
view of how human activities in the Arctic are likely to change a polar bear’s behav-
ior and to influence their resilience to environmental change. Developing a more 
thorough understanding of polar bear behavior and their capacity for flexibility in 
response to anthropogenic disturbances and subsequent mitigations may lead to 
successful near-term management interventions.
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22.1  �Introduction

The polar bear (Ursus maritimus) is a conservation and cultural icon of the Arctic. 
Polar bears have a circumpolar distribution comprised of 19 subpopulations, which 
can be grouped into four ecoregions (Fig.  22.1; see Chap. 23 for a thorough 
description of the ecoregions) based on similarities between populations in life 
history and sea ice dynamics (Amstrup et al. 2008). Polar bears rely on sea ice to 
meet their key needs including foraging, searching for mates, and denning 
(Amstrup 2003). Their preferred habitat is first-year sea ice that occurs over bio-
logically productive continental shelf (shallow) waters (Durner et al. 2009), which 
provide ready access to ringed (Pusa hispida) and bearded (Erignathus barbatus) 
seals (e.g., Smith 1980; Pilfold et al. 2014). Until recently, most populations—i.e., 
those occurring in the Polar Basin Convergent Ecoregion (PBCE), Polar Basin 

Fig. 22.1  Map of the four polar bear ecoregions defined by Amstrup et  al. (2008). Ecoregion 
names are indicative of regional sea ice dynamics. The Polar Basin Divergent Ecoregion (PBDE) 
and Polar Basin Convergent Ecoregion (PBCE) occur within the Polar Basin; in the PBDE, annual 
sea ice advects toward the central Polar Basin, while in the PBCE, annual ice tends to converge 
along the western edge of Greenland and the Canadian Archipelago. In the Seasonal Ice Ecoregion 
(SIE), annual ice melts completely each summer, and the Archipelago Ecoregion (AE) is charac-
terized by persistent multiyear ice. The map also includes a depiction of annual patterns of ice 
motion
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Divergent Ecoregion (PBDE), and Archipelago Ecoregion (AE)—have been char-
acterized by year-round availability of sea ice and bears that remained on the sea 
ice throughout the year, with the exception of some terrestrial denning. By con-
trast, populations in the Seasonal Ice Ecoregion (SIE) have long experienced the 
complete melt of sea ice in summer, which forces bears onto land where they rely 
on stored fat reserves for energy until the ice returns in the fall (Ramsay and 
Stirling 1988). The overwhelming reliance of polar bears on sea ice has mediated 
the types and extent of interactions with humans, but, with sea ice dynamics chang-
ing, the potential for increased human–polar bear interactions is becoming a man-
agement concern.

Like most large carnivore populations, there is poor understanding of how inter-
action with humans impacts polar bears and concomitantly how interactions impact 
humans living and working in polar bear range. Ultimate drivers (i.e., climate-
induced loss of sea ice) will undoubtedly influence the nature of human–polar bear 
interactions, but these drivers are incredibly difficult to manage. Thus, identifying 
proximate factors leading to negative interactions (e.g., availability of anthropo-
genic resources) should be a high priority, given these factors should be “relatively 
easier” drivers to manage. Furthermore, as climate changes and anthropogenic 
activities increase in the Arctic, mitigating interaction and conflict between polar 
bears and humans is likely to be of growing importance. In this chapter, we first 
explore why understanding the effects of polar bear-human interactions is critical 
for their effective conservation in an increasingly human-dominated Arctic. We dis-
cuss the primary drivers of human–polar bear interactions and review what is known 
about how interactions with humans have affected polar bears. We then examine 
how climate-mediated changes to the environment are likely to influence the distri-
bution and types of future interactions. We close by discussing how conservationists 
may be able to mitigate the likelihood of future interaction and conflict in the face 
of rapid environmental change.

22.2  �Importance of Understanding Effects of Human 
Interactions with Wildlife

The expanding human population, and resultant growing demand for resources, has 
led to an increasingly pervasive reach of humans and infrastructure into wildlife 
habitats (e.g., Woodroffe et al. 2005). Over the last 100 years, the global human 
population has essentially quadrupled from 1.9 to 7 billion, and the corresponding 
anthropogenic footprint—defined as the measure of human impact on the Earth’s 
ecosystems—has expanded commensurately (Roberts 2011). This has put extraor-
dinary pressure on the integrity of terrestrial and marine ecosystems (e.g., Magnani 
et al. 2007; Halpern et al. 2008; Doney 2010). The expansion of human activities 
can impact wildlife by converting natural areas into altered land types (e.g., agricul-
tural and urban) and also by altering the behavior of resident wildlife. These changes 
come with a number of attendant consequences, including a greater potential for 
human-wildlife interaction and conflict.
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Interactions between humans and wildlife can have wide-ranging effects, includ-
ing adversely impacting animal fitness and wildlife populations (Northrup and 
Wittemyer 2013). Indeed, most human-wildlife interactions are believed to be det-
rimental to wildlife: studies on a wide range of taxa show that human-wildlife inter-
actions result in high mortality for many species (e.g., Moore and Seigel 2006 for 
reptiles; Müllner et al. 2004 for birds; Harrington and Veitch 1992 for mammals). In 
Africa and Asia, for example, large mammal population numbers, community 
diversity, and the geographical distribution of many species have been reduced due 
to hunting, habitat modification, and disease. Large carnivores are particularly vul-
nerable to exposure to human activities, primarily because their extensive home 
ranges are likely to increasingly overlap with human-occupied areas (e.g., Treves 
and Karanth 2003). Moreover, high dietary protein or fat requirements of large car-
nivores can lead to competition with humans for shared prey, particularly in regions 
where subsistence hunting is common (Dickman 2010). Competitive interaction 
over access to space or food resources often leads to conflict and lethal removal of 
wildlife, which ultimately may constitute a significant threat to the long-term per-
sistence of focal wildlife species. For instance, in South Africa, where a majority of 
the total land area is now used for livestock and game farming (Department of 
Agriculture, Forestry, and Fisheries 2010), human-wildlife conflict is so frequent 
that the most recent national conservation assessment cites human persecution as 
the main threat to carnivores outside of protected areas (Friedmann and Daly 2004; 
Thorn et al. 2012).

Human interactions with wildlife can also impose a variety of economic and 
social costs to local communities including injury and loss of life, destruction of 
property, disease transmission to stock, companion animals or humans (Thirgood 
et  al. 2005), and opportunity costs, where people forego economic or lifestyle 
choices due to impositions placed upon them by the presence of wild animals or 
conservation areas (Woodroffe et al. 2005). It is estimated that the economic cost to 
US agricultural producers from property damage and crop and livestock loss by 
wildlife exceeds $1 billion annually (NASS 2002). In both Asia and Africa, some 
communities may lose up to 15% of their total agricultural output to elephants 
(Elephas maximus, Loxodonta spp.) (Lamarque et  al. 2009; Madhusudan and 
Sankaran 2010). In low-income countries including Mozambique and Namibia, 
over a hundred people are killed annually by crocodiles (Lamarque et al. 2009), 
while in India elephants kill more than one person every day (Rangarajan et  al. 
2010). Such losses, while seemingly insignificant at a national level, may give rise 
to high costs for the affected individuals and communities.

For polar bears, conflict with humans has been of little concern (except in iso-
lated areas like Churchill, Manitoba, Canada) until recently. As a result, there is 
not a great deal of understanding about the potential impacts of conflict on polar 
bears and, concomitantly, their impact on people. However, for other bear species, 
conflict has been demonstrated to be an important consideration in population 
dynamics. For example, Schwartz et al. (2010) quantified the importance of con-
flict-related mortality for grizzly bears (Ursus arctos) inside and outside key pro-
tected areas. For black bears (Ursus americanus), Lewis et al. (2014) demonstrated 
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how urban environments and climate-related factors can potentially act as either 
sources or sinks for bear populations depending upon how human-bear conflict is 
managed. These findings indicate that human–polar bear interactions that escalate 
into conflict could pose a challenge to conservation efforts, especially given that 
the Arctic marine environment is rapidly changing and the human footprint is 
growing.

22.3  �Driving Forces of Human–Polar Bear Interactions

Loss of sea ice habitat due to a warming climate is the primary threat to the long-
term persistence of polar bears (Amstrup et al. 2008; Atwood et al. 2016a) and, in 
many respects, the ultimate driver of contemporary and future human–polar bear 
interactions. The Arctic region is experiencing a warming trend that is driving pro-
nounced changes in sea ice extent and structure. Since 1979, sea ice extent and 
volume during summer have declined at rates of approximately 14 and 28%/decade 
(Comiso 2012), respectively, with the greatest changes occurring most recently. 
Given the current trends in global greenhouse gas emissions (GHG) (IPCC 2014), 
and the lag times associated with global climate processes attaining equilibrium, 
Arctic warming will most likely continue for several decades even if aggressive 
mitigation were to occur immediately (Allen and Stocker 2013). Consequently, 
climate-induced loss of sea ice habitat will likely continue for several decades or 
longer if global GHG emissions are not reduced.

The primary way in which loss of sea ice habitat is believed to drive human–
polar bear interactions is via the displacement of bears from preferred foraging 
habitat (i.e., sea ice over biologically productive shallow water; Durner et al. 2009). 
Sea ice is highly dynamic, with extent and volume varying seasonally as the even-
tual breakup of annual ice gives way to a minimum extent in mid-September, fol-
lowed by the reformation of ice in fall (Barry et al. 1993). However, Arctic warming 
has caused the annual period of reduced ice availability (i.e., the open-water period: 
the time between ice breakup and freeze-up) to lengthen at a rate of nearly 13 days/
decade since 1979, with a modest trend toward an earlier mean date of breakup and 
a pronounced trend toward later freeze-up (Stroeve et al. 2014). For subpopulations 
of the SIE, already accustomed to spending time onshore, the increasing duration of 
the annual open-water period has led to longer onshore residency and correspond-
ing declines in body condition due to nutritional restriction (e.g., western Hudson 
Bay [WHB]; Regehr et al. 2007). In the PBDE, where sea ice historically was pres-
ent year-round, the emergent and lengthening open-water period has caused some 
bears to displace from sea ice to land, with the occurrence and frequency of pro-
tracted use of terrestrial habitat increasing over time (Rode et  al. 2015; Atwood 
et al. 2016b).

The diminishing Arctic sea ice is also driving changes in human behavior, most 
notably an escalation in development activities with the intent of providing new 
economic opportunities for Arctic countries but also increasing activities associated 
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with recreation and research. Ocean resources become more readily available as the 
open-water period lengthens, and the Arctic is estimated to contain substantial 
reserves of extractable resources, including various rare earth elements. In Alaska, 
regulatory agencies have issued permits for low-density offshore oil and gas drilling 
over the continental shelf region of the southern Beaufort (SB) and Chukchi (CS) 
seas, and onshore exploration and drilling continues in the Prudhoe Bay and 
Kuparuk oil fields (National Petroleum Council 2015). Collectively, the increasing 
industrial and transport activities associated with resource extraction and changes to 
polar bear behavior have the potential to place humans and polar bears in closer 
proximity to each other for longer periods of time and escalate the likelihood of 
interaction and conflict.

22.4  �Human–Polar Bear Interactions: Habituation 
and Conflict

Interactions between humans and polar bears occurred long before the establish-
ment of present-day communities. The earliest recorded interactions were associ-
ated with sixteenth-century European exploration of the Arctic and early forms of 
commercial hunting (Lønø 1970). In the 1950s and 1960s, sport hunting reached a 
peak as commercially guided hunters began using airplanes to gain greater access to 
remote areas of the Arctic, and by the late 1960s, overhunting was considered the 
most significant threat to polar bear populations (Larsen 1975). Commercial and 
subsistence hunting occurred concurrently up to 1973 when the Agreement on the 
Conservation of Polar Bears was signed by the five polar bear range states (Canada, 
Denmark on behalf of Greenland, Norway, the then Soviet Union, and the USA) to, 
in part, reduce overharvest (e.g., DeMaster and Stirling 1983). Since implementa-
tion of the 1973 agreement, Norway and the Soviet Union, and then Russia, have 
not allowed the hunting of polar bears, while the USA and Greenland have only 
allowed hunting by indigenous peoples. Canada allows indigenous peoples to hunt 
polar bears or sell unused permits to sport hunters in some regions. Current esti-
mates put the range-wide harvest at 3–4% of the total population of 20,000–25,000 
bears, and harvest is believed to not represent a serious threat to long-term persis-
tence (Atwood et al. 2016a).

Most interactions and conflict between humans and polar bears have occurred 
around settlements where bears were perceived to threaten life or property or were 
provoked by people (Stirling et al. 1977). The occurrence of animals near centers of 
anthropogenic activity is often attributed to habituation—animals have lost their 
natural wariness and grown tolerant of human presence (e.g., Immelman and Beer 
1989). The prevailing thought is that habituation occurs when the benefits of not 
responding to a stimulus outweigh the perceived costs of response (Alcock 1988; 
Whittaker and Knight 1998). When polar bears are on land, they have little access 
to their marine mammal prey and spend the bulk of that time in a fasting state 
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(Ramsay and Hobson 1991; Rode et al. 2015). As with other ursids, polar bears on 
land are often attracted to novel scents and areas of human activities, including 
refuse dumps where they can gain access to human-related foods (Lunn and Stirling 
1985), and may become conditioned to associate people or settlements with food 
rewards (e.g., Elfström et al. 2014). Habituation to humans and food conditioning, 
likely, play a prominent role in mediating the occurrence of bears around settle-
ments and the resulting effects on bears and people.

Perhaps the best documented case history of past and contemporary human–
polar bear interaction and conflict is from Churchill, on the western coast of Hudson 
Bay (within the boundaries of the WHB subpopulation and the SIE). Polar bears 
from this subpopulation move onto land when sea ice melts and spend the open-
water period living off fat reserves accumulated prior to coming ashore (Derocher 
et al. 1993). Historically, a small proportion of the subpopulation routinely visited 
refuse dumps in the Churchill area to take advantage of the only reliable food 
resource available (Lunn and Stirling 1985). In 1969, a growing concern over the 
localization of bears around Churchill, and the consequent escalation of human-
bear conflicts, prompted the closure of two dumps and the implementation of a 
program (i.e., Polar Bear Control Program, which became Polar Bear Alert Program 
after 1984), initiated to ensure public safety and reduce property damage (Kearney 
1989). While this program has been successful in reducing threats to people and 
damage to property, human–polar bear interactions in the Churchill area have 
increased over time. From 1979 to 2013, the length of the open-water period in 
WHB increased at a rate of approximately 10 days/decade (Stroeve et al. 2014). 
During that time, the length of stay onshore by bears has increased commensurately, 
while the number of human–polar bear interactions nearly quadrupled (Towns et al. 
2009)—despite a trend of declining population abundance (Regehr et al. 2007). In 
2005, the last open refuse dump in the Churchill area was closed, but interaction and 
conflict continued to be a concern (Towns et al. 2009). In 2015, an access-controlled 
landfill was opened that should be effective in excluding bears. However, human–
polar bear interactions are likely to increase in the future given the strong relation-
ship between the timing of sea ice breakup and the nutritional condition of bears 
when they come ashore (Derocher et al. 2004).

Other forms of provisioned resources can habituate bears to human presence and 
foster potential for interaction and conflict. For example, there are three communi-
ties on Alaska’s North Slope (Barrow, Nuiqsut, and Kaktovik) that harvest bowhead 
whales (Balaena mysticetus) from the SB in the fall. Unwanted remains from the 
harvest are aggregated at “bone piles” near Barrow, on Cross Island, and adjacent to 
Kaktovik, (Fig.  22.2), where they have served as focal attractors for polar bears 
since the late 1990s (Schliebe et al. 2008; Atwood et al. 2016b). The declining avail-
ability of sea ice over the SB’s continental shelf has led to a marked increase in the 
proportion of the population coming ashore in summer and fall, with the greatest 
aggregation of bears occurring at the Kaktovik bone pile (Atwood et al. 2016b). 
Interactions between humans and bears are common during the process of butchering 
whales, which occurs onshore and often involves the diversionary feeding of bears 
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a

b

Fig. 22.2  A solitary adult (a) and family group (b) feeding at the bowhead whale bone pile located 
adjacent to Kaktovik, Alaska, September 2015. Unused remains from subsistence-harvested bow-
head whales are occasionally aggregated at Point Barrow, and consistently at Cross Island (near 
Prudhoe Bay), and adjacent to Kaktovik on Barter Island following the cessation of the fall whal-
ing season. The bone piles attract large numbers of bears that typically remain in the general area 
until the food is depleted. Image credit: S.W. Breck

to prevent them from approaching carcasses (T.  Atwood, personal observation; 
Fig. 22.3). Interactions also occur at nearby camps used for subsistence activities 
(G. York, unpublished data). Unfortunately, documentation of human–polar bear 
interaction and conflict from this region is limited, but “defense of life” kills do 
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occasionally occur when the bone piles become depleted and bears venture into 
town in search of food. As with WHB, the lengthening ice-free season is expected 
to result in bears from the SB spending more time onshore and becoming increas-
ingly reliant on bowhead whale remains to ameliorate declines in body condition.

The examples from Churchill and Kaktovik highlight that polar bears motivated 
to obtain food appear more willing to risk interacting with humans. Fortunately, 
human–polar bear interactions rarely result in injury to humans, with only 73 docu-
mented attacks that resulted in 20 human fatalities and 63 injuries since 1870 
(J. Wilder, unpublished data), numbers that are small in comparison to those of black 
bears (Ursus americanus), e.g., 63 fatalities from 1900 to 2009 (Herrero et al. 2011). 
A more frequent outcome of human–polar bear interactions is fatal injury to bears. 
For example, in Nunavut, Canada, 618 polar bears were killed in “defense of life or 
property” (a formal term that describes the lethal removal of an animal thought to 
pose an immediate threat to people or property) from 1970 to 2000, most of which 
(74%) occurred during the ice-free season at temporary camps established for sub-
sistence activities (Dyck 2006). Similarly, Stenhouse et al. (1988) found that of the 
265 polar bears killed as a result of conflict in the Northwest Territories, the majority 
(63%) were associated with activities on land and occurred during the open-water 
period. A common thread to interaction, conflict, and lethal removal of polar bears 
is the presence of attractants (most commonly human food waste) that bring land-

Fig. 22.3  An example of diversionary feeding of polar bears during the butchering of a subsistence-
harvested bowhead whale in Alaska. Harvested whales are butchered onshore in fall, attracting 
polar bears that stay on the nearby barrier islands waiting for bone piles to be stocked with unused 
remains. Whalers often drag blocks of blubber away from the butchering site to feed bears and 
keep them at a safe distance. Image credit: S.W. Breck
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bound bears into close proximity with humans. Projections of future sea ice condi-
tions indicate that the ice-free season will continue to lengthen, increasing the 
amount of time bears must spend onshore and increasing the likelihood of nutri-
tional restriction (Rode et al. 2015; Atwood et al. 2016b). Mitigating the resulting 
increased potential for human–polar bear conflict will require the proactive manage-
ment of food attractants and human behaviors (e.g., supplemental feeding) that con-
tribute to food conditioning and habituation.

22.5  �Potential Threats of Increasing and Emerging Human 
Activities on Polar Bears

The continued decline of summer sea ice will allow greater human access to the 
Arctic Ocean, facilitating an increase in intensity and types of human activities. In 
2013, the USA released the National Strategy for the Arctic Region, a document 
that acknowledges that the loss of summer sea ice provides an opportunity for 
increased economic development of the region (United States Government 2013), a 
notion recognized by other Arctic nations as well. Below, we identify activities that 
are likely to increase as the open-water period lengthens and discuss the implica-
tions of an increasingly ice-free Arctic for human–polar bear interactions.

Resource extraction—The Arctic is believed to contain about 30% of the world’s 
undiscovered gas and 13% of the world’s undiscovered oil supplies (Gautier et  al. 
2009), and the continued decline of summer sea ice will increase the economic viability 
of offshore resource extraction over time. Perhaps the greatest threat to polar bears from 
oil and gas development is the risk of exposure to oil spills and the direct effects that 
follow. Amstrup et al. (2006) modeled the effects of a hypothetical oil spill on polar 
bears in the SB and found that a modest spill of approximately 6000 barrels could 
directly impact a significant number of bears (n = 74; 8% of the estimated abundance of 
the SB subpopulation; Bromaghin et al. 2015). A large spill, like that from the Exxon 
Valdez in 1989 (over 250,000 barrels), would likely be catastrophic and potentially 
affect multiple subpopulations both directly and indirectly. Exposure to oil reduces the 
ability of bears to thermoregulate (Hurst and Øritsland 1982; Hurst et al. 1991), which 
could lead to reduced overwinter survival. Polar bears have also been observed consum-
ing petroleum products (Derocher and Stirling 1991) or ingesting them through groom-
ing (Øritsland et al. 1981) and have ingested oil when consuming contaminated prey 
(Stirling 1990). All routes of ingestion are a cause for concern given that even minimal 
consumption of oil can be lethal (St. Aubin 1990). In addition to oil, polar bears have 
consumed industrial chemicals that have resulted in mortality (Amstrup et al. 1989).

Exposure to infrastructure and activities associated with resource extraction 
(Fig. 22.4) are likely to indirectly affect polar bears by altering their behavior. For 
example, noise associated with extraction could cause polar bears and their prey to 
avoid areas adjacent to these activities (e.g., Geraci and Smith 1976; Kelly et al. 
1988). Likewise, oil and gas development onshore could potentially affect polar 
bears by triggering the abandonment of maternal dens (Amstrup 1993) and reducing 
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access to important terrestrial refugia and traveling habitat. By contrast, it is possi-
ble that bears could be attracted to onshore and offshore facilities. For instance, 
offshore facilities can alter ice conditions, creating semipermanent leads that would 
otherwise not exist (Stirling 1988) and attract seals at densities similar to that found 
away from development (Moulton et al. 2005). The presence of human foods could 
also attract bears to industrial facilities (Stenhouse et al. 1988). Given the limited 
information available to date, it is unclear if disturbances to polar bears and their 
prey would be short lived or lead to permanent changes in their behavior.

Resource extraction activities are believed to pose little threat to the long-term 
persistence of polar bear populations (Atwood et  al. 2016a). However, as the 
industrial footprint expands, the likelihood of polar bears experiencing direct and 
indirect effects of associated activities will grow. Mitigating the effects of oil spills 
will prove challenging. The annual freeze-thaw cycle of sea ice will sequester and 
rerelease oil over multiple years. Oil also precipitates to the ocean floor where it 
can negatively affect the benthic ecosystem and lower levels of the food chain 
(Chen and Denison 2011) that polar bear prey species rely on. Additionally, the 
constant movement of sea ice may function to transport sequestered oil to regions 
of the Arctic beyond where spills originated. Managing the future risk to polar 
bears of exposure to resource extraction activities will require coordinated plan-
ning efforts between industry and natural resource managers across international 
boundaries.

Fig. 22.4  A polar bear family group resting near industrial infrastructure, Prudhoe Bay, Alaska, 
2009. During summer and fall, polar bears are frequently observed along the coast of the bay. The 
bowhead whale bone pile on Cross Island is approximately 20 km north of the coast and attracts 
large numbers of bears when food is present. Image credit: U.S. Geological Survey
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Trans-Arctic and local shipping—As sea ice extent declines spatially and tempo-
rally, and industrial and recreational activities increase, it is natural that shipping 
through, between, and within Arctic regions will increase to improve efficiencies 
and meet local logistical demands. The best information available to assess the 
potential for increased shipping activity relies on climate model projections to 
determine potential navigability and season duration. For example, some predic-
tions suggest that by the middle of the twenty-first century, changing sea ice condi-
tions will enable expanded September navigability for common open-water ships 
crossing the Arctic along the Northern Sea Route (NSR), robust new routes for 
ice-strengthened ships, and new routes through the Northwest Passage (NP) (e.g., 
Smith and Stephenson 2013). Long-distance shipping routes that make use of the 
NSR or NP, and thus bypass the Suez Canal or Panama, could reduce transit dis-
tance by nearly 33%, providing a clear economic incentive for Arctic travel (Liu and 
Kronbak 2010). On a local scale, a survey of ship owners identified the lengthening 
ice-free season as likely to drive the emergence of a niche market for shipping ser-
vices (supplanting more costly aerial services) that deliver goods to communities 
and industrial operations (Lasserre and Pelletier 2011). The need for local shipping 
services may be exacerbated by declines in accessibility of land-based supply routes 
if the utility of winter roads are impacted by milder winters (Stephenson et al. 2011).

Increased shipping, whether long-distance or local, could lead to direct distur-
bances of polar bears as well as to increased exposures to oil spills, novel pollutants, 
organisms, and pathogens. Direct disturbance is most likely to occur when ships 
bisect the path of swimming bears. Pagano et al. (2012) and Pilfold et al. (2016) 
reported increases in the frequency of long-distance swims (i.e., >50 km) by polar 
bears in the SB and WHB when extensive areas of open water were present. Most 
of the swims identified by Pagano et  al. (2012) involved bears moving from the 
receding pack ice to land or from increasingly fragmented ice present in nearshore 
regions to pack ice, but bears also frequently swim short distances in the nearshore 
region of the SB as they travel between barrier islands (US Geological Survey, 
unpublished data). Additionally, polar bears have been observed swimming after 
both marine and terrestrial prey in open water in the Barents Sea (BS) (Stempniewicz 
et al. 2013; Stirling and van Meurs 2015). Collectively, these observations suggest 
the potential for shipping activity to interfere with seasonal migratory movement, 
routine travel, and foraging behavior.

A potential indirect effect of increased shipping activity is the unintentional dis-
charge of pollutants and transport of invasive or pathogenic organisms and the cas-
cading effects on bear and community health. Exposure of polar bears to contaminants/
pollutants may occur from discharged ballast, bilge, or wastewater (Wilhelmsson 
et al. 2013). Additionally, vessels may vector new organisms to the Arctic that may, 
over time, alter food web dynamics or cause disease. For instance, estimates suggest 
that, at any one time, 7,000–10,000 different species are being carried in ships’ bal-
last tanks around the world (Global Ballast Water Programme 2016). Given that 
polar bears appear to have a relatively naïve immune system (Weber et al. 2013), 
there is concern that they may be susceptible to the introduction of novel pathogens 
(Patyk et al. 2015). Such indirect effects arising from the discharge and transport by 
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shipping vessels are likely to be clumped in space and time, with “hub” locations like 
those located near large communities and industrial developments likely to be dis-
proportionately affected (Floerl et al. 2009). The spatiotemporal clustering of those 
effects provides an opportunity to put in place surveillance programs to monitor the 
frequency and nature of discharges and the occurrence of invasive and pathogenic 
organisms. While shipping activity is likely to increase over the coming decades, 
there will likely be considerable variability in the distribution and intensity of that 
activity based on shipping route availability. As a result, serious population-level 
consequences for polar bears are not expected (Atwood et al. 2016a).

Tourism and recreation—Declines in sea ice are also expected to result in 
increased access and opportunities for Arctic tourism and recreation. We define 
tourism and recreation as including activities centered on polar bears, such as com-
mercial viewing, as well as recreational travel throughout polar bear habitat. It is 
difficult to estimate the intensity of recreational activities in the Arctic as there are 
few processes in place to capture that information. Yet in 2012, nature-related activi-
ties in the Arctic are believed to have generated $3.2 billion in Alaska and $40.4 bil-
lion in Canada (US Department of the Interior 2012), suggesting the opportunity 
exists to generate substantial revenues. In Churchill, commercial polar bear viewing 
is an important driver of the annual economy (Lemelin 2008). In Kaktovik, the 
opportunity to view polar bears visiting the bowhead whale bone pile has spurred 
the development of a nascent ecotourism industry (Fig. 22.5). Tour companies may 
in the future put pressure on governments to preserve their valued asset, the polar 
bears, and thus create a commercial value on the bears that could help to secure their 

Fig. 22.5  Commercial polar bear viewing in Kaktovik, Alaska, September 2015. Bear viewing is 
done from either boats or vehicles during the fall, after the bowhead whale bone pile has been 
stocked with remains. Image credit: U.S. Geological Survey
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future. While it is possible that increased tourism could lead to direct disturbances 
of polar bears—for example, causing heightened vigilance (Dyck et al. 2004)—it is 
believed that a relatively small proportion of polar bear subpopulations are regularly 
interacting with humans due to tourism and recreational activities. As a result, these 
activities are a less serious current and future threat than those described above.

Exposure to marine debris and fisheries—Compared to other marine species, there 
is little information on the threat posed to polar bears from exposure to marine debris. 
For example, while macrodebris ingestion and entanglement have been well docu-
mented in sea birds, turtles, and dolphins (Robards et al. 1995; Tomas et al. 2002; 
Denuncio et al. 2011), there is no documentation of ingestion by polar bears. Similarly, 
while ingestion of microplastics is a growing concern, there is no indication it repre-
sents a direct threat to polar bears. Marine debris could become a problem to individ-
ual animals if increased human activities result in increased occurrence and exposure 
to polar bears. But, at the subpopulation level, it is unlikely to pose a future risk.

As mentioned previously, the amount of commercial ship traffic in the Arctic is 
expected to increase as the duration of the open-water period lengthens, and it is 
possible that some of that traffic may include fishing vessels (Arctic Council 2009). 
There are unpublished reports of polar bears investigating ships (and videos can be 
found on the internet), and presumably they would be more likely to investigate 
fishing vessels due to the attraction of food odors. Additionally, there are two sepa-
rate incidents from Norway (Spitsbergen) of land-based polar bears caught in lost 
commercial fishing nets (Spitsbergen News 2014). However, the extent to which the 
Arctic Ocean is capable of supporting a commercial fishing industry, and the risk it 
may pose to polar bears, is difficult to judge. While northward shifts in fish distribu-
tion in response to increasing ocean temperatures and reductions in sea ice have 
been recorded (Berge et  al. 2015; Fossheim et  al. 2015; Grebmeier et  al. 2010), 
researchers are finding that a complex array of ecological factors need to be under-
stood in order to predict successful range expansion by fish stocks into Arctic 
waters. For example, some of the increases in phytoplankton primary production 
that have accompanied reductions in sea ice (Arrigo and van Dijken 2015) may 
eventually be limited by nutrient availability as stratification due to fresh water 
inputs reduces nutrient mixing in the water column (Slagstad et al. 2015; Katlein 
et  al. 2015). Limits on subarctic fish species range expansions, uncertainty over 
future levels of primary productivity, and the challenge of conducting fishing opera-
tions in a harsh remote environment all point to a low likelihood of a commercial 
fishing industry developing in Arctic waters in the near term (NOAA 2015; Berge 
et  al. 2015; Slagstad et  al. 2015). A more pressing concern may be the risk of 
human-bear interactions around subsistence fishing camps. For example, the polar 
bears congregating around Kaktovik, Alaska, to feed on bowhead whale remains 
have caused some community residents to reduce the use of fish camps due to safety 
concerns. Indeed, the number one priority identified at the recent Kaktovik 
Leadership meeting on human–polar bear conflicts was to restore the community’s 
access to traditional fishing grounds (North Slope Borough 2015). With an increas-
ing number of bears spending long periods of time on land during the open-water 
period, the potential for conflict associated with subsistence activities may increase.
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Anthropogenic contaminants—Long-range atmospheric transport of little used 
anthropogenic contaminants (e.g., persistent organic pollutants [POP], polychlori-
nated biphenyls [PCB], organochlorine pesticides [OCP], polybrominated diphe-
nyl ether [PBDE]) has concentrated those contaminants in the Arctic marine 
ecosystem (Muir et  al. 1999). Accordingly, exposure to legacy contaminants 
remains a concern for wildlife and human health in the Arctic, where high lipid 
levels in the marine food web result in higher than expected concentrations in 
upper trophic level organisms (Borgå et al. 2001). Systematic studies of adverse 
health effects of pollution on polar bears began in earnest in the late 1990s via the 
implementation of circumpolar and national multi-species monitoring programs 
(e.g., Arctic Monitoring and Assessment Programme [AMAP]; AMAP 1998). 
Monitoring efforts have revealed a number of adverse effects on polar bear health 
resulting from exposure to contaminants, including impairment of liver and kidney 
function, as well as neurological alterations and decreased immune and endocrine 
system function (Sonne 2010; Bechshøft et  al. 2011). Importantly, patterns of 
exposure have varied geographically, with the highest tissue concentrations occur-
ring in polar bears from the Hudson Bay complex (McKinney et al. 2009), east 
Greenland (Sonne et  al. 2012), Svalbard, and western Russia (McKinney et  al. 
2011), although exposure to many legacy contaminants has declined over time 
(Dietz et al. 2004; Verreault et al. 2005). Interestingly, exposure to new contami-
nants like perfluoroalkyls (PFC; Dietz et al. 2008) has been reported, sparking con-
cern that environmental changes may be altering some contaminant pathways 
(Macdonald et al. 2005).

Climate change has already affected the distribution of select species (Hickling 
et  al. 2006) and is expected to spur further changes in species distributions and 
migratory behavior that will expose Arctic endemics to new contaminant pathways 
(Muir and de Wit 2010). For example, climate-mediated changes to sea ice phenol-
ogy (i.e., timing of annual sea ice formation and breakup) in WHB have led to a 
concurrent decline in polar bear consumption of ice-associated ringed and bearded 
seals, increased consumption of open-water-associated harbor (Phoca vitulina) and 
harp (Pagophilus groenlandicus) seals, and increased tissue concentrations of sev-
eral chlorinated and brominated contaminants (McKinney et al. 2009). In addition 
to those contaminants already mentioned, there is concern over future exposure to 
heavy metals, such as mercury. Despite declining anthropogenic emissions, the 
Arctic ecosystem appears to be a sink for the accumulation of mercury for reasons 
that are not at all clear (Macdonald et al. 2005). One proposed mechanism by which 
mercury may be increasing in the Arctic is through a “reservoir effect,” whereby 
methyl mercury is released from inventories accumulated in organic carbon phases 
of frozen ground as it thaws (Loseto et al. 2004). Similarly, it may be prescient to 
monitor exposure to artificial radionuclides (often released by the nuclear industry), 
given limited information available on potential effects, and concern that risk of 
exposure may be increasing (Lokas et  al. 2014). Continued monitoring of polar 
bear exposure to anthropogenic contaminants (both legacy and new) remains a pri-
ority, particularly work that assesses the potential for synergistic effects between 
contaminants and environmental stressors (Patyk et al. 2015).
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22.6  �Conclusions

The Arctic sea ice ecosystem is changing rapidly and dramatically which, over time, 
will result in unprecedented levels of human activity (e.g., resource extraction, pol-
lution, shipping, tourism, and recreation). Collectively, these changes pose risks to 
polar bears, though the type, severity, and consequence of the risk will differ geo-
graphically, as do processes that regulate sea ice and polar bear population dynam-
ics (Amstrup et  al. 2008; Rode et  al. 2014). The behavioral plasticity that polar 
bears possess will determine how they respond to these myriad changes. But rapid 
behavioral adaptation is a tall order for a specialist predator with a long generation 
time. Currently, unabated rise in atmospheric GHG concentrations, and the result-
ing loss of sea ice habitat, is the primary threat to the long-term persistence of polar 
bears (Amstrup et al. 2008). Until further sea ice loss is stopped, management of 
other stressors, including those associated with human activities, may serve to slow 
the transition of populations to progressively worsened outcomes and improve the 
prospects for their long-term persistence (Atwood et al. 2016a). To that end, coex-
istence between humans and polar bears will require mitigation strategies that 
reduce the burden to local communities, as well as imposing mechanisms to manage 
further development. Ultimately, mitigating the effects of humans on polar bears 
will require an interdisciplinary approach that fosters circumpolar collaboration 
between affected communities, organizations, and regulatory agencies.

The myriad threats facing Arctic ecosystems also present a unique conservation 
opportunity. While ongoing and future habitat loss represents a clear and present 
threat to the long-term persistence of polar bears, they are still distributed across much 
of their historical range. This provides a unique opportunity to buoy and support popu-
lations facing likely decline by effectively managing factors such as conflict, habitat 
use (especially denning), and other forms of human disturbance or removal.

Mitigating human–polar bear conflict is also of mutual interest across communi-
ties, managers, researchers, and other stakeholders. Increasing community safety, 
enhancing social carrying capacity or tolerance for polar bears, and decreasing the 
need for unplanned and unwanted removals could act to address shared concerns 
from local to international scales. We have an opportunity to proactively address 
these issues before they become a problem in most parts of the Arctic. At various 
human-bear conflict meetings in Canada, the USA, and Norway, front line manag-
ers, community residents, and others working in polar bear habitat have expressed 
growing concern that polar bear encounters on land may be increasing and, given 
loss of habitat, will likely increase in the future.

These concerns have led to a variety of responses including use of local polar 
bear patrols or guards, regional approaches using existing government wildlife staff 
(conservation officers in Canada), national coordination of deterrence efforts by the 
US Fish and Wildlife Service in Alaska, and, internationally, the formation of the 
Conflict Working Group of the Polar Bear Range States. Efforts to date include 
improved international collation of human–polar bear interaction data, improved 
communication and coordination at all levels to share information, and work toward 
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consistent messaging and training. Discussions have also highlighted the need for 
focal research on conflict issues to improve understanding of regional dynamics and 
to better quantify the effectiveness of deterrence tools.
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Chapter 23
Polar Bears and Sea Ice Habitat Change

George M. Durner and Todd C. Atwood

Abstract  The polar bear (Ursus maritimus) is an obligate apex predator of Arctic 
sea ice and as such can be affected by climate warming-induced changes in the 
extent and composition of pack ice and its impacts on their seal prey. Sea ice declines 
have negatively impacted some polar bear subpopulations through reduced energy 
input because of loss of hunting habitats, higher energy costs due to greater ice drift, 
ice fracturing and open water, and ultimately greater challenges to recruit young. 
Projections made from the output of global climate models suggest that polar bears 
in peripheral Arctic and sub-Arctic seas will be reduced in numbers or become 
extirpated by the end of the twenty-first century if the rate of climate warming con-
tinues on its present trajectory. The same projections also suggest that polar bears 
may persist in the high-latitude Arctic where heavy multiyear sea ice that has been 
typical in that region is being replaced by thinner annual ice. Underlying physical 
and biological oceanography provides clues as to why polar bear in some regions 
are negatively impacted, while bears in other regions have shown no apparent 
changes. However, continued declines in sea ice will eventually challenge the sur-
vival of polar bears and efforts to conserve them in all regions of the Arctic.

23.1  �Introduction

The evolution of extant Arctic marine mammals is tightly linked to climatic factors 
that influenced the formation and development of sea ice, and as such current cli-
mate factors may threaten their persistence. The Arctic Ocean became seasonally 
ice covered due to a cooling environment beginning in the mid-Eocene (~45 million 
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years ago, mya; Moran et al. 2006) with further cooling leading to the development 
of perennial sea ice ~14 mya (Darby 2008; Moran et al. 2006). This new sea ice 
habitat that persisted throughout the annual cycle presented ecological opportuni-
ties for the radiation of Arctic marine mammals. Phocid seals, which likely origi-
nated in southern latitudes ~20  mya, expanded their range to northern Atlantic 
waters at least 15 mya (Harington 2008)—largely coinciding with the appearance of 
perennial sea ice. This resulted in some northern hemisphere phocids becoming sea 
ice specialists, isolating them from their southern counterparts and causing their 
radiation into six species that fill sea ice niches today (Harington 2008). Arctic pho-
cids are widespread and abundant, with at least one species comprising up to two 
million individuals (i.e., ringed seals, Pusa hispida; Kelly et al. 2010). The early 
adaptation and success by these seals to utilize Arctic sea ice presented opportuni-
ties for a new apex predator, the polar bear (Ursus maritimus).

The polar bear evolved as a specialist predator of ice-adapted seals (Fig. 23.1), 
primarily ringed seals but also bearded seals (Erignathus barbatus; Stirling and 
Archibald 1977; Stirling and Øritsland 1995). Polar bears are believed to have 
diverged from a brown bearlike ancestor sometime from as recently as 160 kya to as 
long ago as 5 mya (Hailer et al. 2012; Lindqvist et al. 2010; Miller et al. 2012). 
Regardless of which divergence estimate is used, the ancestor of present-day polar 
bears clearly entered a sea ice environment with abundant resources and few, if any, 
competitors. Despite periodic hybridization with brown bears (U. arctos; Bidon 
et al. 2014; Edwards et al. 2011; Miller et al. 2012), selective drivers in the Arctic 
have resulted in the genotypic and phenotypic traits in modern polar bears that are 
largely absent of brown bear ancestry (Cahill et al. 2015).

The present-day distribution of polar bears is concordant with the extent of 
Arctic and sub-Arctic marine waters that are normally covered by sea ice for at 
least 7–8 months of the year. The Arctic undergoes large seasonal fluctuations in 
sea ice extent, from a winter maximum of ~15.5 million km2 to a summer mini-
mum of ~6.3 million km2 (1981–2010 average; National Snow and Ice Data 
Center (2016a, b). As a result, polar bears in much of their range change their 
distribution with the seasonal changes in sea ice. Despite the necessity for polar 
bears to adjust their distribution to this labile substrate, and the continuity of 
Arctic sea ice during most of the year, individuals show such strong philopatry 
(Amstrup et al. 2004; Paetkau et al. 1999) to regions that the entire world’s popu-
lation can be divided into 19 relatively discrete subpopulations (Fig. 23.2; Obbard 
et al. 2010).

These subpopulations, however, may be grouped into four ecoregions (please see 
Chap. 22; Fig. 23.2), each of which has distinct seasonal composition and dynamics 
of sea ice, underlying oceanography, and influence of adjacent land masses. 
Following the convention put forth by Amstrup et al. (2008), these include:

	1.	 Seasonal Ice Ecoregion—sea ice typically melts completely and is absent 
3–4  months during summer (subpopulations: Baffin Bay, Davis Strait, Foxe 
Basin, Southern Hudson Bay, and Western Hudson Bay [WH]). In the Seasonal 
Ice Ecoregion, polar bears are forced to summer on land where food consump-
tion is negligible and activity is reduced.
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a

b

Fig. 23.1  Typical hunting modes used by polar bears on the spring sea ice in the Beaufort Sea.  
(a) An adult male polar bear still hunting at a seal hole (15 April 2009) and (b) an adult female with 
her 2-year-old young at a ringed seal lair adjacent to a pressure ridge, where they successfully 
captured an adult seal (12 April 2000). Image credits: (a) Michael Lockhart, United States 
Geological Survey (USGS); (b) George Durner, USGS
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	2.	 Archipelago Ecoregion—the channels and bays within the island complex of 
northern Canada (subpopulations: Gulf of Boothia, Kane Basin, Lancaster 
Sound, M’Clintock Channel, Norwegian Bay, and Viscount Melville Sound). In 
the Archipelago Ecoregion, some sea ice survives the summer melt, resulting in 
a high proportion of ice >1 year old (i.e., multiyear ice) in subsequent seasons. 
Because of the proximity of islands and larger land masses, a high proportion of 
ice in the Archipelago Ecoregion does not drift as it is frozen to land (i.e., land-
fast ice) from autumn to spring. Polar bears in the Archipelago Ecoregion have 
access to sea ice throughout the year as summer ice concentration remains rela-
tively high (>50%) (Canadian Ice Service 2016a, b).

	3.	 Divergent Ice Ecoregion—seas within the Arctic Ocean proper, primarily over 
the continental shelves of northern Eurasia, northern Alaska, and mainland 
northwest Canada (subpopulations: Barents Sea, Chukchi Sea, Kara Sea, Laptev 
Sea, and Southern Beaufort Sea [SB]). Historically, some sea ice over continen-
tal shelves was retained during summer and persisted into autumn freeze-up, 
providing hunting habitat for polar bears throughout the year. More recently, sea 
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ice over continental shelves in the Divergent Ice Ecoregion melts nearly to com-
pletion or is advected to other regions by currents of the Transpolar Drift and the 
Beaufort Gyre (Fig. 23.2). Recent patterns of sea ice melt and freeze now force 
most bears in this ecoregion to follow sea ice into the deep waters of the Arctic 
Ocean, or, to a lesser extent, onto land.

	4.	 Convergent Ice Ecoregion—spanning northern and eastern Greenland and the 
northern edge of the Canadian Archipelago (subpopulations: Northern Beaufort 
Sea, Queen Elizabeth, and East Greenland). In the Convergent Ice Ecoregion, 
summer sea ice melt is minimal, and ice is received via the Transpolar Drift and 
the Beaufort Gyre from the Divergent Ice Ecoregion. Entrainment of ice by the 
Beaufort Gyre in the Northern Beaufort Sea and Queen Elizabeth subpopulations 
results in those waters consisting of the oldest and thickest sea ice in the Arctic.

There is commonality among ecoregions because polar bears are an ice obligate 
species that depend on sea ice for fulfilling life history requirements (e.g., hunting 
seals, traveling, seeking mates). However, variation in the composition, distribution, 
and pattern in the annual formation of sea ice influences polar bear distribution, life 
history, and demography. Climate-mediated displacement from preferred sea ice 
habitat, as is considered later, can have significant consequences for polar bear 
subpopulations.

23.2  �Sea Ice Selected by Polar Bears 
Throughout Their Range

To appreciate how climate change is influencing polar bear habitat, it is helpful to 
understand how polar bears distribute themselves relative to sea ice extent and com-
position. Research on polar bear habitat use has been conducted on most of the 19 
subpopulations. With few exceptions (Stirling et al. 1993; Pilfold et al. 2014), the 
bulk of these studies became possible through the advent of satellite radiotelemetry 
(Fig. 23.3; Fancy et al. 1988), which has provided location data of individual polar 
bears across the annual sea ice cycle (e.g., Amstrup et al. 2004). Satellite-derived 
locations of polar bears, when coupled with environmental data (e.g., sea ice attri-
butes) and analyzed with statistical models (i.e., Resource Selection Functions, 
RSFs; Manly et al. 2002), have revealed broad-scale spatial and temporal character-
istics of sea ice that are important for polar bears—aspects which researchers were 
largely unable to identify and quantify due to difficulty of making visual observa-
tions of bears across their range and throughout the year. In addition to pinpointing 
important habitat characteristics, RSFs have the added benefit, due to the wide spa-
tial extent and frequent collection of satellite-collected environmental data, of pro-
viding information on the distribution of optimal sea ice habitats of polar bears 
across most of their range. The development of RSFs to describe important polar 
bear habitat has revealed how optimal habitat changes seasonally and across years 
and is likely to change decades beyond the present (Fig. 23.4; Durner et al. 2009).
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Fig. 23.3  Placing a satellite radio collar on an adult female polar bear in the southern Beaufort 
Sea, 12 April 2005. Image credit: Eric Regehr, USGS

23.2.1  �The Importance of Sea Ice Concentration 
and Composition

In subpopulations where RSF models have been developed, sea ice concentration 
(SIC; i.e., the areal extent of ice-covered versus ice-free waters within a defined 
area) can be one of the most important environmental variables affecting polar bear 
distribution. In other words, the mere presence or absence of sea ice is insufficient 
for predicting the distribution of optimal habitats and likely distribution of bears. 
The reasons for this are that polar bears require sea ice with characteristics that 
enable them to hunt efficiently, and which provides security against inclement 
weather. With the possible exception of the Archipelago Ecoregion, a stable ice 
platform is necessary for bears to avoid being swept into open ocean (Mauritzen 
et al. 2003). For this discussion we focus on polar bear habitat patterns modeled 
from SIC, as estimated largely from passive microwave (PMW) imagery. Since 
1978, PMW estimates of Arctic SIC and extent (Cavalieri et al. 1996) have been 
disseminated as daily and monthly means in raster format (25 × 25 km pixel size) 
from the National Snow and Ice Data Center (NSIDC; http://nsidc.org/). These data 
provide a consistent long-term data source to measure changes in polar bear habitat. 
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a b

c d

Fig. 23.4  A polar bear resource selection function comparing the distribution of polar bear sea ice 
habitat quality in the Arctic Basin (AB) and the Convergent (CE) and Divergent (DE) ecoregions 
(see Fig. 23.2) (1985 and 2012) during spring (a and c) and summer (b and d), based on Durner 
et al. (2009). Habitat quality ranges from poor (blue tone RSF) to optimal (i.e., the upper 20% of 
RSF-valued habitat, indicated by yellow-red tone RSF). Gray tones indicate ocean depth, where 
light gray indicates continental shelves and dark gray to black indicates deep polar basin waters. 
Source: Durner et al. (2009)

23  Polar Bears and Sea Ice Habitat Change



426

Additionally, habitat indices developed from PMW data, when coupled with twenty-
first-century projections of sea ice made with general circulation models (GCMs), 
present a view of the potential impacts of future greenhouse gas-induced warming. 
Although other sea ice charts (e.g., National Ice Center 2016; Canadian Ice Service 
2016a, b) are available that provide estimates of ice stage (thickness) and form (e.g., 
floe size), those data are more limited temporally and spatially, precluding their use 
in estimating decadal trends in polar bear sea ice habitat and making projections 
into the twenty-first century.

Arthur et al. (1996) first demonstrated the response of polar bears to SIC using 
satellite telemetry data from five adult female polar bears in the Chukchi Sea. By 
analyzing telemetry and PMW data with RSFs, they found polar bears were most 
selective of 51–75% SIC during spring and 21–50% SIC during summer. Studies in 
several other subpopulations have shown selection by polar bears for ~50–90% SIC 
(Fig. 23.5; Durner et al. 2004, 2006, 2009; Ferguson et al. 2000; Laidre et al. 2015; 
Mauritzen et al. 2003; Pilfold et al. 2014; Wilson et al. 2014). While patterns of 
habitat selection relative to SIC are clearly elucidated by RSFs, models also show 
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that polar bears select relatively high SIC in close proximity to areas with low SIC 
(i.e., <15–50%) and near land (Fig. 23.5; Durner et al. 2009; Laidre et al. 2015; 
Pilfold et  al. 2014). However, habitat selection is seasonally dependent (Durner 
et al. 2004, 2009; Ferguson et al. 2000; Laidre et al. 2015; Wilson et al. 2014), with 
lower concentrations of sea ice being selected during spring breakup (i.e., time 
when sea ice begins to fragment) and summer (Fig. 23.5; Durner et al. 2004, 2009; 
Ferguson et al. 2000; Laidre et al. 2015; Wilson et al. 2014). But in subpopulations 
whose sea ice is composed of a high proportion of landfast ice (i.e., sea ice attached 
to land, as in the Canadian Archipelago) or where sea ice converges (i.e., east 
Greenland Sea), concentrations near 100% are highly selected by polar bears during 
winter months (Ferguson et al. 2000; Laidre et al. 2015).

The distribution of sea ice relative to the continental shelves—Aside from the 
reliance on moderate to high SIC adjacent to low SIC, the spatial and temporal dis-
tribution of sea ice is also a determinant of habitat quality for polar bears. In general, 
the sea ice that we described in the prior paragraph can occur anywhere in the Arctic 
during some point in the annual cycle. However, the most biologically rich regions 
across the range of polar bears are in the Arctic’s peripheral seas and over the conti-
nental shelves (<300 m deep). Several factors contribute to the relative richness of 
shelf waters. As pack ice is a dynamic substrate that drifts due to winds and currents 
(Spreen et  al. 2011), the motion of ice next to landfast ice or shorelines creates 
regions of stress in the pack ice (i.e., shear zones) where fracturing of ice creates 
long cracks in the ice that remain open for hours to days (i.e., leads) and larger areas 
of open water (i.e., polynyas; Stirling 1997). Shelf waters are adjacent to basins with 
depths up to 3000 m (Jakobsson et al. 2008). This combination of shelf and basin 
results in a unique distribution of upwellings that mix deep-origin nutrient-rich 
waters with current-influenced waters near and over the continental shelf (Carmack 
and Wassmann 2006; Christensen 2008; Horner and Schrader 1982; Piatt and 
Springer 2003; Sigler et al. 2011). Seals remain in these productive shelf waters, 
even as the summer melt reduces or completely removes sea ice (Harwood and 
Stirling 1992; Harwood et al. 2012). Hence, biologically rich waters near and over 
the continental shelf coincide with an abundance of leads and polynyas to provide 
necessary habitat for several marine mammals, including polar bears (Stirling 1997).

RSFs for polar bears indicate a distribution of optimal sea ice habitat that is con-
sistent with our understanding of primary productivity and prey habitat use. Arctic 
marine waters, with drifting ice of mid-to-high concentration over continental 
shelves, provide the nexus for optimal polar bear habitat (Fig. 23.4; Durner et al. 
2009; Pilfold et al. 2014; Wilson et al. 2014).

23.2.2  �Observed Changes in Optimal Habitat

Arctic sea ice extent has been substantially reduced and is projected to continue to 
decline during the twenty-first century (Comiso 2012; Meier et al. 2007; Overland 
and Wang 2013; Stroeve et al. 2007). PMW estimates of sea ice extent show multi-
decadal declines in sea ice both during the winter maximum and the summer 
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minimum (Fig. 23.6). Likewise, polar bear habitat in most of the Arctic basin sub-
populations and in the Seasonal Ice Ecoregion declined during the decade following 
1995 (Durner et al. 2009; Stirling et al. 1999; Stirling and Parkinson 2006). Between 
the years 1985–1995 and 1996–2006, the total number of months of optimal sea ice 
habitat (i.e., the upper 20% of RSF-valued habitat) declined ~14% in the Barents 
Sea, ~12% in the Chukchi Sea, ~10% in the east Greenland Sea, and ~6% in the 
southern Beaufort Sea (Fig.  23.7; Durner et  al. 2009). The greatest declines in 
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Fig. 23.6  Sea ice anomalies for (a) February (winter) and (b) September (summer) 1979–2015, 
relative to the 1981–2010 mean sea ice extent for the respective month (February, 15.4 million 
km2; September, 6.5 million km2). Arctic sea ice extent has been declining 3.0% decade−1 (winter 
maximum) and 13.4% decade−1 (summer minimum). Source: NSIDC, ftp://sidads.colorado.edu/
DATASETS/NOAA/G02135/, accessed 3 December 2016
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optimal habitat occurred during spring breakup and summer—largely as a result of 
sea ice melting beyond continental shelves and into the deep waters of the Arctic 
Ocean (Fig. 23.4d). Within the Seasonal Ice Ecoregion, a region that typically loses 
sea ice every summer, increasing duration of the ice-free season has displaced bears 
from preferred sea ice habitat to land for longer periods (Stirling et al. 1999; Stirling 
and Parkinson 2006). This is illustrated in Hudson Bay where from 1971 to 2003, 
annual breakup and freeze-up dates became 40  days earlier and 18  days later, 
respectively (Gagnon and Gough 2005).

23.2.3  �Projections of Future Polar Bear Optimal Sea 
Ice Habitat

Current and future climate change is “extremely likely” to be linked to human activ-
ities, most notably from industrial emissions of carbon dioxide and methane 
(Intergovernmental Panel on Climate Change, IPCC; IPCC 2013). The IPCC (2013) 

Fig. 23.7  Observed changes in polar bear optimal habitat (i.e., the upper 20% of RSF-valued habi-
tat) in the polar basin, comparing the total number of months of optimal habitat in 1985–1995 
compared to 1996–2006. Loss (gain) in optimal habitat is indicated by red (blue) colors. Gray 
indicates no optimal habitat was present in either decade. Source: Durner et al. (2009)
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projects that ≥5 consecutive years of nearly ice-free conditions (i.e., sea ice extent 
<1 × 106 km2 of SIC >15%) in the Arctic during September are likely before 2050. 
Beyond 2050, the IPCC (2013) projects that Arctic sea ice is “very likely” to 
decrease through the remainder of the twenty-first century. The shoulder months of 
August and October will likely see Arctic-wide ice-free conditions by 2070 
(Laliberté et al. 2016), resulting in an earlier breakup and later freeze-up. Observed 
and projected sea ice loss is driven in a large part by an ice cover that is becoming 
thinner and by the increased vulnerability of this thinning ice to complete summer-
time melt (Holland et  al. 2010). Climate models (i.e., GCMs) from the Coupled 
Model Intercomparison Project Phase 5 (CMIP5) (Coupled Model Intercomparison 
Project (2016) utilized emission scenarios based on different radiative forcings (i.e., 
Representative Concentration Pathways (RCP), expressed as watts per m2 above 
preindustrial levels at year 2100) imposed by different levels of greenhouse gas 
(GHG) emissions. As expected, high GHG emissions result in higher radiative forc-
ing and increased likelihood of sea ice loss during the latter part of the twenty-first 
century (Fig. 23.8). With one notable exception, hindcasts from GCMs agree well 
with satellite observations of sea ice extent, and this lends confidence in the use of 
GCMs for projecting future conditions. The exception is that observed summertime 
declines in sea ice exceed that projected by GCMs (Fig. 23.8; Overland and Wang 
2013). Hence, projections of the twenty-first-century sea ice declines made with 
CMIP5 GCMs can be considered conservative.

Since 1979, when satellite data on sea ice distribution first became available, six 
of the lowest September sea ice minimums have occurred after 2006, resulting in 
ice-free waters in most regions of the Divergent Ice Ecoregion, the entire Seasonal 
Ice Ecoregion, and parts of the Archipelago Ecoregion during those years (National 
Snow and Ice Data Center 2012). Of interest to the future status of polar bears is 
how the ice-free period may become longer in future years and how this may vary 
among regions. By using CMIP5 twenty-first-century projections of sea ice, 
Laliberté et al. (2016) demonstrated the advancement of the ice-free season to ear-
lier months for the coming decades varies by region. Arctic seas adjacent to north-
ern Asia (i.e., Kara Sea and Laptev Sea) may experience ice-free conditions in July 
as early as 2050. Near Alaska, projections of ice-free waters in the Chukchi and 
Beaufort seas during July are not expected until ~2080 and 2095, respectively, 
likely due to advection of thick multiyear ice from the central Arctic (Laliberté et al. 
2016). At the extremes, ice-free conditions in the central Arctic Ocean and the 
Canadian Archipelago are not expected to occur until ~2070 during August; how-
ever, an ice-free Hudson Bay for July has been possible since 2010. The study by 
Laliberté et al. (2016) provides additional evidence that polar bear response to habi-
tat loss will be regionally specific (Atwood et al. 2016).

Projections of the twenty-first-century polar bear habitat have included all ecore-
gions (Castro de la Guardia et al. 2013; Durner et al. 2009; Hamilton et al. 2014). In 
Hudson Bay 30–50% SIC has been identified as a critical threshold below which 
bears begin moving on to land during spring breakup, or 10% SIC, above which 
bears move from land to back to the sea ice during autumn freeze-up (Cherry et al. 
2013; Stirling et  al. 1999). This presents an important distinction between the 
standard of <15% SIC used by geophysicists (see, e.g., National Snow and Ice Data 
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Fig. 23.8  The late twentieth- and twenty-first-century Arctic sea ice extent change (defined by 
concentration >15%) simulated by CMIP5 (Coupled Model Intercomparison Project) ensembles 
under Representative Concentration Pathways (RCP)2.6, RCP4.5, RCP6.0, and RCP8.5 for (a) 
February and (b) September, relative to conditions during 1986–2005. Solid lines represent multi-
model means, and shading indicates the 5–95% range of the ensemble. Sample sizes for each RCP 
are indicated in the legend. Observational data of sea ice extent (1979–2012) are indicated by the 
green solid line. Note the greater observed loss of sea ice relative to that projected by GCMs after 
2005. Source: Fig. 12.28 in Collins et al. (2013). Chap. 12. Long-term climate change: projections, 
commitments and irreversibility (IPCC 2013)

Center 2016a, b) to denote ice-free conditions and what are effectively ice-free con-
ditions for polar bears. In projections of the twenty-first-century polar bear habitat 
in the Seasonal Ice and Archipelago Ecoregions, ice-free conditions were assumed 
to include the period when SIC reaches <30–50% in the spring to when SIC became 
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>10% in autumn (Castro de la Guardia et al. 2013; Hamilton et al. 2014). Using 
IPCC (2000) GHG emission scenarios for projections of the twenty-first-century 
WH sea ice (Fig. 23.2), Castro de la Guardia et al. (2013) projected spring SIC to 
decline from 1.0 to 13.5% decade−1 between 2001 and 2100, resulting in 2100 SIC 
at 20–84% of 2001 levels. They found that between 2035 and 2100, WH trends in 
breakup dates and ice-free periods range from 1.7 to 13.0 days decade−1 earlier and 
2.2 to 20.7 days decade−1 longer, respectively. The overall effect projected by Castro 
de la Guardia et  al. (2013) was for the 2100 ice-free season in WH to be 4.5–
18.7 weeks greater than it would be had GHG emissions remained at 2001 levels.

For the Archipelago Ecoregion (Fig.  23.2), Hamilton et  al. (2014) adopted a 
similar approach to that of Castro de la Guardia et  al. (2013) by projecting SIC 
through the twenty-first century with a worst-case GHG emission scenario (i.e., 
RCP 8.5; IPCC 2013). In the seven polar bear subpopulations that they examined, 
none had ice-free conditions in any month during 1992–2005. Even with substantial 
GHG forcing, the annual pattern of SIC 2040–2060 was largely similar to 1992–
2005 levels, albeit with lower summer SIC minima. However, during the last two 
decades of the century, all seven subpopulations are expected to experience multiple 
months of ice-free conditions. By the end of the twenty-first century, four subpopu-
lations were projected to be ice-free for up to 5 months and the other three for 
2–5 months. This means that bears in those subpopulations would be forced to use 
land during ice-free months. Hamilton et al. (2014) also show that this threshold 
SIC required for optimal habitat may be reduced to only 6 months a year, which is 
below the annual ice-covered duration currently experienced by the most southern 
polar bear subpopulation (i.e., Southern Hudson Bay).

For the Divergent and Convergent Ice Ecoregions, Durner et al. (2009) extrapo-
lated RSFs to GCM projections of Arctic Ocean SIC to predict trends in the twenty-
first-century optimal sea ice habitat for nine subpopulations. Their approach differed 
from that of Castro de la Guardia et al. (2013) and Hamilton et al. (2014) in that the 
RSF included, in addition to SIC, explanatory variables of ocean depth, distance to 
land, and distance to the 15% SIC threshold. Because ocean depth greatly influ-
enced the RSF, the habitat value for a given level of SIC and proximity to the 15% 
SIC threshold over the continental shelf was greatly diminished for otherwise iden-
tical ice characteristics over deep waters beyond the shelf (Fig.  23.4). Because 
GCMs project that the majority of the twenty-first-century sea ice declines occur 
between spring and autumn, and that ice continues to return throughout the Arctic 
Ocean each winter, extrapolation of RSFs to GCM projections reveals high seasonal 
variability in habitat loss. Whereas Arctic Ocean winter habitat value decreased 
<10% by the end of the twenty-first century, the habitat value decreased >50% for 
summer (Durner et al. 2009). Likewise, there was considerable regional variation in 
the twenty-first-century habitat change, with most showing that the decadal cumula-
tive frequency of optimal habitat occurring in any particular month would decline 
by between 25 and 50% by 2041–2050 (Fig. 23.9). Only the Arctic Basin, Queen 
Elizabeth, and the northern-most part of the Northern Beaufort subpopulations are 
likely to experience an increase in optimal sea ice habitat. Otherwise, the frequency 
of optimal habitat is projected to decrease in regions that are currently most impor-
tant for polar bears (Fig. 23.9).
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23.3  �Consequences of Habitat Loss to Polar Bear Health, 
Reproduction, and Populations

Links between sea ice conditions and polar bear body condition (i.e., an index of 
health derived from body mass, linear body measurements, fatness estimates, or 
blood chemistry) have been drawn for several subpopulations from polar bears har-
vested by indigenous people for subsistence and from bears captured and released 
by scientists. Within the Seasonal Ice Ecoregion, correlations between declines in 
polar bear body condition and declining sea ice have been made for the WH (Lunn 
et al. 2016; Stirling et al. 1999), Southern Hudson Bay (Obbard et al. 2016), Davis 
Strait, and Baffin Bay (Rode et  al. 2012) subpopulations. In the Divergent Ice 
Ecoregion, polar bears of the SB (Rode et al. 2010, 2014) and Barents Sea (Derocher 
2005) subpopulations also appear to be showing declines in body condition that 
may be related to climatic variation. These studies largely point to a hypothesis of 
reduced accessibility to seal prey as the primary driver for declines in body condi-
tion, although density-dependent effects may have been a contributor in some sub-
populations (Derocher 2005; Peacock et al. 2013; Rode et al. 2012).
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Fig. 23.9  Projected changes in polar bear optimal habitat (i.e., the upper 20% of RSF-valued habi-
tat) in the polar basin, comparing the total number of months of optimal habitat in 2001–2010 
compared to 2041–2050. Loss (gain) in optimal habitat is indicated by red (blue) colors. Gray 
indicates no optimal habitat was present in either decade. Source: Durner et al. (2009) Ecol Monogr 
79:25–58
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Variation in polar bear body condition may also be attributed to bottom-up 
effects of primary productivity, population response of prey, and/or the appearance 
of alternate prey—all of which are driven by interactions between sea ice and the 
underlying oceanography. Potential examples of bottom-up effects include (1) 
changes in the extent and composition of sea ice influencing the productivity of seal 
populations (Crawford et  al. 2015; Harwood et  al. 2015; Ferguson et  al. 2005), 
which in turn can directly affect polar bears; (2) polar bears of the Chukchi Sea 
subpopulation show unchanging body condition, despite sea ice declines, that is 
likely due to biologically productive waters over a broad continental shelf and a 
relatively diverse prey base (Rode et al. 2014); and (3) increases in the abundance 
of harp (Pagophilus groenlandicus) and hooded (Cystophora cristata) seals in 
Davis Strait with the resulting increase in bear abundance in that region, again in 
contrast to reductions in sea ice (Peacock et al. 2013; Stirling and Parkinson 2006). 
In essence, there is a tight relationship between the productivity of seals and the 
productivity of polar bears (Stirling and Øritsland 1995), such that the population 
response of polar bears to climate change can be, to some degree, independent of 
sea ice abundance.

Maintaining an optimal body condition is necessary for growth, body mainte-
nance, and reproduction. Successful parturition and first-year survival of young are 
dependent on the condition of pregnant bears immediately prior to den entrance in 
the autumn, as the burden of gestation, nursing, and fasting can result in a den-
bound adult losing 43% of its body mass during the 4–5  months of den tenure 
(Fig.  23.10; Atkinson and Ramsay 1995). Female polar bears exhibit delayed 
implantation, and there is evidence that bears <189 kg are unlikely to successfully 
reproduce (Derocher et al. 1992). To achieve body reserves sufficient for reproduc-
tion, female polar bears are dependent on a period of hyperphagia (i.e., near-
constant, “super eating,” over eating) (Ramsay and Stirling 1988) during late spring 
and early summer, when newly weaned naïve juvenile seals are abundant and sea ice 
is present in extent and composition that allows efficient hunting (Stirling et  al. 
1999). This reaches an extreme within the Seasonal Ice Ecoregion, as pregnant polar 
bears spend summer on land for 3–5 months, enter maternal dens in autumn, and do 
not resume hunting until the following March—a potential fasting duration of 
8 months (Atkinson and Ramsay 1995; Stirling et al. 1999). For polar bears in other 
ecoregions, activity data collected from satellite telemetry suggests a similar pattern 
of hyperphagia during late spring and early summer (high activity) and fasting dur-
ing summer (low activity) when preys are less available (Ferguson et  al. 2001; 
Messier et al. 1992; Whiteman et al. 2015). Energetic models further support the 
necessity to polar bears for late spring and early summer sea ice, as advancement of 
breakup by only 1 month could result in 40–73% of female bears failing to repro-
duce and a reduction in litter size by 22–67% (Molnár et al. 2011).

Not only is the ability of adult female bears to successfully raise and wean young 
compromised in an Arctic with diminished sea ice, but other sex and age groups are 
vulnerable. Subadult bears, because they are likely to still be developing hunting 
skills, may be especially vulnerable to sea ice habitat loss (Bromaghin et al. 2015; 
Regehr et al. 2007). But even prime-age adult polar bears, which are the most resilient 
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a

b

Fig. 23.10  (a) A starving adult female polar bear (137 kg) captured in the Beaufort Sea and (b) its 
emaciated dead cub (9 April 2009). Not shown is the surviving sibling of the dead cub. The adult 
entered a maternal den in the previous autumn with enough body fat for successful parturition and 
nursing in the den, but insufficient fat to continue nursing after den departure. Both the adult and 
surviving cub were observed roaming the pack ice on the following day. Subsequent genetic sam-
ples collected at a fur trap in Barrow, Alaska, in February 2011 confirmed survival of the adult. The 
cub has not been reobserved. Image credit: George Durner, USGS
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members to environmental perturbations (Regehr et al. 2007), are unlikely to weather 
consecutive years of sea ice loss. Using a dynamic energy budget model, Molnár 
et al. (2010, 2014) showed that a 4-month absence of sea ice would result in 2–3% of 
adult males dying from starvation, but 9–21% could succumb to starvation if the 
duration of absence were to increase to 6 months. The relationship between adult 
survival and sea ice conditions is also supported by empirical models: in studies of 
the SB subpopulation, adult female survival declined precipitously when the number 
of ice-free days over the continental shelf increased from 3.5 to 4.5  months 
(Bromaghin et al. 2015; Regehr et al. 2010). For the WH subpopulation, Regehr et al. 
(2007) found a relationship between early ice breakup and reduced subadult survival 
but not for adult survival. Even in the northern Beaufort Sea, a region where sea ice 
has remained stable for three decades, polar bear survival was dependent on the con-
dition of sea ice habitat (Stirling et al. 2011).

Increased displacement from optimal sea ice habitats during late spring and early 
summer during the hyperphagic feeding period (i.e., periods of very high food 
intake) has been hypothesized to be the reason for documented downward trends in 
body condition since the early 1980s (Obbard et al. 2016; Rode et al. 2010, 2012; 
Stirling et al. 1999). However, the energetic cost of changing sea ice dynamics for 
polar bears goes beyond displacement from optimal hunting habitat. Simply travel-
ing across a sea ice substrate that, due to thinning, has become more fractured and 
vulnerable to drifting is likely to increase energy costs for polar bears as they attempt 
to search for and occupy the most optimal habitat for hunting seals and searching 
for mates (Castro de la Guardia et al. 2013; Sahanatien and Derocher 2012). Also, 
because there is a greater duration and extent of ice-free waters in the Arctic during 
summer, polar bears are increasingly engaging in open-ocean swims (Fig. 23.11) 
that can involve several hundred kilometers over as much as 9 days (Durner et al. 
2011; Pagano et al. 2012; Pilfold et al. 2016). Although polar bears swim well in 
cold Arctic waters, swimming distances >100  km likely imposes high energetic 
costs, may result in mortality of the young (Durner et al. 2011), and increases their 
vulnerability to outright drowning (Monnett and Gleason 2006).

A changing sea ice platform can also affect the ability of polar bears to access suit-
able denning habitat (Stirling and Derocher 2012). Pregnant polar bears are reliant on 

Fig. 23.11  A male polar bear swimming between ice floes in the Beaufort Sea (26 April 2009). 
Image credit: Michael Lockhart, USGS
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dens of snow to provide a relatively warm and constant environment for parturition 
and growth of neonates, and the den must occur on a substrate that will remain stable 
for 3–5  months during the winter (Amstrup and Gardner 1994). Throughout the 
Arctic, most denning occurs on land (Fig. 23.12), although denning on sea ice occurs 
in the Beaufort Sea (Amstrup and Gardner 1994). For bears summering on pack ice, 
the greater extent of summertime open water and thinning sea ice platform that has 
been observed in recent years is increasing the necessity for pregnant bears to swim 
long distances or walk over a fractured surface (Pilfold et al. 2016; Sahanatien and 
Derocher 2012), and these conditions have prevented bears from reaching land tradi-
tionally used for denning (Derocher et al. 2011). SB polar bears represent the only 
subpopulation know to den on pack ice to a large degree (Amstrup and Gardner 1994; 
Fischbach et al. 2007). However, the suitability of sea ice as a denning substrate has 
declined since 1998 as Arctic Ocean pack ice has become thinner, younger and less 
stable (Fischbach et al. 2007). As a result, SB polar bears are increasingly using land 
for maternal denning (Fischbach et al. 2007), and, hence, an increasing proportion of 
the population must contend with unfavorable sea ice conditions to reach denning 
habitat.

Relating habitat loss to changes in population demography has only been pos-
sible for a few subpopulations which have received intensive capture-recapture 
studies. In regions that have high biological productivity and prey abundance 

Fig. 23.12  A female polar bear emerges from her maternal den next to a coastal bluff near Prudhoe 
Bay, Alaska (April 2009). Image credit: Rusty Robinson, Brigham Young University
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(Rode et al. 2014), have shown little loss of sea ice (Stirling et al. 2011), or have 
abundant alternate prey (Stirling and Parkinson 2006), the respective subpopula-
tions have shown little apparent change in response to an otherwise warming 
Arctic. In the future Arctic, high-latitude marine waters including the northern 
Canadian archipelago and northern Greenland may experience an increase in habi-
tat suitability as thick multiyear sea ice is replaced by thinner annual ice (Durner 
et al. 2009). This may have benefited some northern subpopulations of polar bears 
over the past three decades of declining sea ice (Stirling et al. 2011), and the rela-
tive persistence of sea ice in northern regions may serve as a refugium for a rem-
nant population during the latter years of the twenty-first century (Atwood et al. 
2016; Peacock et  al. 2015). However, subpopulation sizes within the peripheral 
regions of the current circumpolar range of polar bears will likely decline, possibly 
to the point of extirpation, as sea ice is reduced in both its temporal and spatial 
extent (Amstrup et al. 2008; Atwood et al. 2016). Indeed, measureable population 
declines appears to have already begun in some subpopulations, such as the SB 
(Bromaghin et al. 2015; Regehr et al. 2010) and WH (Regehr et al. 2007).

23.4  �Conclusions

Rapid loss of sea ice habitat in the twenty-first century brought on by anthropogenic 
greenhouse gas-driven climate warming presents the greatest stressor on all polar 
bear subpopulations (Amstrup et al. 2008; Atwood et al. 2016; Stirling and Derocher 
2012). The impact of sea ice habitat declines on polar bears is multifaceted and will 
largely be a combined effect of reduced energy intake through reductions in prey 
availability; increased energetic costs to bears because of greater ice drift, greater 
open-water extent and duration, and an increasingly fractured icescape; and interfer-
ence with the behavior of polar bears that is necessary for reproduction. Ultimately, 
these factors will reduce the availability of energy polar bears require to success-
fully reproduce. During the past three decades of warming global temperatures and 
concomitant declines in sea ice thickness and extent, some polar bear subpopula-
tions have shown no apparent change and, indeed, may have even benefitted from 
ameliorating multiyear sea ice conditions as primary productivity and prey have 
increased. However, even those regions with currently stable subpopulations are 
vulnerable to the impacts of the projected twenty-first-century sea ice loss (Hamilton 
et al. 2014; Stirling et al. 2011). Continued climate warming-caused habitat loss will 
negatively impact all polar bear subpopulations by the later decades of the twenty-
first century and currently represents the most significant conservation threat to the 
species (Amstrup et al. 2008; Atwood et al. 2016; Stirling and Derocher 2012).
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Chapter 24
Implications of Rapid Environmental Change 
for Polar Bear Behavior and Sociality

Todd C. Atwood

Abstract  Historically, the Arctic sea ice has functioned as a structural barrier that 
has limited the nature and extent of interactions between humans and polar bears 
(Ursus maritimus). However, declining sea ice extent, brought about by global cli-
mate change, is increasing the potential for human-polar bear interactions. Loss of 
sea ice habitat is driving changes to both human and polar bear behavior—it is 
facilitating increases in human activities (e.g., offshore oil and gas exploration and 
extraction, trans-Arctic shipping, recreation), while also causing the displacement 
of bears from preferred foraging habitat (i.e., sea ice over biologically productive 
shallow) to land in some portions of their range. The end result of these changes is 
that polar bears are spending greater amounts of time in close proximity to people. 
Coexistence between humans and polar bears will require imposing mechanisms to 
manage further development, as well as mitigation strategies that reduce the burden 
to local communities.

24.1  �Introduction

The capacity for environmental change to influence human and wildlife behaviors is 
nothing new, neither as a theoretical construct nor an empirical reality. The resource 
heterogeneities and uncertainties arising from changing environmental conditions, 
in some cases mediated by human activities, have acted as significant stimuli 
throughout history for behavioral and social change. In some instances, humans and 
wildlife have responded similarly to environmental change. For example, both have 
relied on a variety of migration strategies to cope with the seasonality of precipita-
tion patterns, primary productivity, and long-term drought (e.g., Leimgruber et al. 
2001; Gereta et al. 2004; Turney and Brown 2007). In other cases, the responses of 
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human and wildlife to environmental change have diverged. For instance, in parts of 
Central and South America, the expansion of transportation infrastructure into previ-
ously inaccessible areas has led to deforestation and eventual conversion of land to 
agricultural practices which, in turn, has greatly decreased the diversity of local flo-
ral and faunal communities (Brooks et al. 2002; Mosandl et al. 2008). These exam-
ples demonstrate ways in which human and wildlife behaviors and coexistence have 
been shaped by interactions with the environment and helped biologists identify the 
relationship between disturbances and patterns of response within communities.

In recent years, biologists have identified key life-history and behavioral traits 
that influence how species respond to environmental changes, such as habitat frag-
mentation and loss. Life-history traits, such as body size, govern perceptual ability 
(e.g., ability to perceive landscape heterogeneity) and determine the spatial scale 
over which organisms access various resources (e.g., prey, refugia, mates; Wiens 
1989). Behavioral traits are usually consistent among populations of a species, are 
often easier to assess than population demographic variables, and are associated 
with various environmental variables of interest. Behavioral traits, like plasticity, 
determine the breadth of a species repertoire for responding to environmental cues, 
including stressors (Sih 2013). Collectively, these sorts of traits help determine the 
sensitivity of species to environmental change. As a logical corollary, identifying 
such traits may allow for greater insight into species responses to rapid environmen-
tal changes, like those brought about by a changing climate.

Life-history traits of polar bears (Ursus maritimus) are well documented. Polar 
bears are solitary apex predators that range over vast expanses of sea ice, specialize in 
preying on ice seals (primarily ringed (Pusa hispida) and bearded (Erignathus barba-
tus) seals), are long-lived, and are characterized by long generation times and interbirth 
intervals and extended care of dependent young (e.g., Amstrup 2003). By contrast, 
behavioral traits of polar bears are less well documented. The intent of this chapter is 
not to provide an extensive review of polar bear behavior, but to provide an overview of 
how human activities in the Arctic are likely to change behavioral traits that may influ-
ence polar bear sensitivity and, possibly, resilience to increasing human activities.

24.2  �A Brief Primer on Polar Bear Sociality

Polar bears are non-territorial, ranging over large areas, and males tend to have 
larger home ranges than females (Amstrup et al. 2001; Laidre et al. 2013). Like 
most large carnivores, they have a relatively flexible social system that can vary 
seasonally and geographically. For example, while on the sea ice, males and females 
are mostly solitary except for the breeding season (April to May), when males 
adjust their spatial behavior to minimize encounters with other males and maximize 
encounters with females in estrus (Laidre et  al. 2013). Females with dependent 
young tend to segregate from adult males while raising cubs, and the family group 
will remain together for approximately 2.5 years, with separation occurring when 
the adult female breeds again. In subpopulations where land use occurs during sum-
mer, bears have been observed aggregating into loose groups. For example, in 
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western Hudson Bay (WHB), polar bears on land in summer will spatially segregate 
based on age and sex (Lunn and Stirling 1985; Derocher and Stirling 1990). Males 
generally remain closer to the coast and will sometimes form small “bachelor 
groups” of ≥2 individuals and engage in bouts of play (e.g., sparring; Latour 1981). 
Conversely, family groups and pregnant females will typically move further inland 
from the coast to be closer to denning areas (Lunn and Stirling 1985).

Similar to grizzly bears (Ursus arctos), polar bears have been observed to be 
fairly tolerant of each other around food resources. Near Churchill, Manitoba, 
Canada (WHB subpopulation), polar bears routinely visited local garbage dumps 
prior to their closure in 2005 (Towns et al. 2009), and while females with cubs could 
be intolerant of other bears, interactions between sex and age classes were generally 
nonaggressive (Lunn 1986). In Kaktovik, Alaska, USA (southern Beaufort Sea sub-
population [SB]), large numbers of polar bears congregate near a site (“bone pile”) 
where the unused remains of subsistence-harvested bowhead whales (Balaena mys-
ticetus) are dumped (Miller et al. 2006; Atwood et al. 2015). In general, incidents of 
interspecific strife appear to be rare at or near the bone pile, and mixed family 
groups often rest in close proximity to each other (Miller et al. 2015; Fig. 24.1).

Polar bear social behavior is more varied and nuanced than described above, but 
knowledge of the full scope is limited by the challenges associated with being able to 
routinely observe behavior. Key behaviors such as interspecific interactions and spa-
tial aggregations (grouping together) are readily detectable and are sensitive to 

Fig. 24.1  Polar bear family groups resting on a bluff near the bowhead whale bone pile adjacent 
to the community of Kaktovik, Alaska, USA, September 2015. Family groups often temporally 
partition use of the bone pile to avoid adult males and aggression between family groups is rare. 
Image credit: S.W. Breck
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changes in environmental conditions and the availability/accessibility of prey. 
Derocher and Stirling (1990) posited that aggregating behavior (including the social 
behavior reported by Latour [1981]) in male polar bears from the WHB subpopula-
tion may function to promote familiarity and thereby reduce the intensity of competi-
tion when individuals encounter each other on the sea ice. If correct, and applicable to 
other regions of the Arctic, aggregating behavior may help attenuate the potential for 
interspecific strife as climate-mediated accessibility of prey declines over time.

24.3  �Stressors Likely to Induce Changes in Bear Behavior

24.3.1  �Loss of Sea Ice Habitat

Polar regions are experiencing the most acute effects of climate change. Observations 
over the past 50 years show a pronounced decline in Arctic sea ice extent throughout 
the year, with the most prominent retreat in summer (Fig. 24.2; Serreze et al. 2007; 
Comiso 2012). Arctic-wide, the duration of the open-water season (i.e., the period 
of time between the breakup of sea ice in summer and freeze-up in fall) has increased 
at a rate of approximately 5 days/decade since 1979 (Stroeve et al. 2014), and some 
analysts have suggested that the Arctic may be ice-free (i.e., <1 million km2 of sea 
ice) in September by 2030 or possibly earlier (Wang and Overland 2009; Overland 
and Wang 2013). Because of the phenology of sea ice (i.e., timing of annual forma-
tion and breakup), the duration of the open-water period is typically greatest for 
biologically productive (i.e., shallow) waters.

Loss of sea ice over biologically productive waters represents a loss of habitat for 
polar bears (see Chap. 23 for a full discussion of polar bear-habitat relationships). 
Durner et  al. (2009) used general circulation models (GCMs), and polar bear 
habitat-use data to project that mean summer optimal habitat within the Polar Basin 
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(approximately 50% of the most northerly portion of polar bear range) could 
decrease by 68% by the end of the twenty-first century. Changes to sea ice phenol-
ogy and habitat quality and distribution have influenced subpopulation vital rates 
(see Chap. 6.1) and are predicted to also influence subpopulation connectivity and 
the degree of genetic isolation. The latter are cause for concern given their potential 
to ultimately influence range-wide population viability.

24.3.2  �Industrialization

The melting of Arctic sea ice will effectively unlock the Arctic Ocean, leaving it 
increasingly open to expanding human infrastructure and activities. Arguably, the 
human activity that generates the greatest concern for the polar bear is resource 
extraction, which is largely facilitated by increased maritime access. By mid-
century, projections of oceanic shipping activity suggest that the five polar bear 
range state nations will gain increased maritime access to their currently designated 
exclusive economic zones (i.e., the region for each maritime nation that extends 370 
nautical kilometers from the coast; Fig. 24.3), with the greatest increase in access 

Fig. 24.3  A map of the exclusive economic zones (EEZ) of coastal Arctic countries. All countries 
are entitled to claim an EEZ extending up to 200 miles (red dotted line) (370 nautical km) from 
their coast. The “agreed borders” line delineates the border between each countries claimed 
EEZ. Where a maritime boundary has yet to be agreed, a line (“unsettled borders”) equidistant 
between the countries is shown. Source: http://www1.american.edu/ted/ICE/lomonosov.html
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occurring for Greenland (28% increase), followed by Canada (19%), Russia (16%), 
the USA (5%), and Norway (1%) (Stephenson et al. 2011). In turn, increased tran-
siting of Arctic waters will make accessing and transporting the substantive untapped 
reserves of oil and gas more cost efficient. Projections suggest that the offshore 
region may contain up to 13% of the global mean estimate of undiscovered oil and 
up to 30% of the global mean estimate of undiscovered gas (Gautier et al. 2009), 
which provides a substantial economic incentive for Arctic nations to invest in infra-
structure (roads, ports, security) to support industrialization.

Increased maritime access and the likely presence of enormous oil and gas 
reserves will spur the development of increased infrastructure and human activities 
in the Arctic, and the impacts of this will be greatest along the coastal and nearshore 
regions, areas that include valuable foraging (nearshore sea ice) and refugia (coastal 
lands) habitats for polar bears (Durner et al. 2009; Atwood et al. 2016a, b). In the 
USA, oil and gas development has largely been restricted to the coastal plain of 
Alaska’s North Slope since 1977 (though nearshore extraction occurs from four 
artificial islands within 9 km of the coast; Fig. 24.4). However, additional offshore 
development plans are in place that would greatly expand the existing industrial 
footprint. For example, the Chukchi Sea Planning Area (CSPA) for offshore oil and 

Fig. 24.4  Aerial view of an oil rig and infrastructure located in Prudhoe Bay, southern Beaufort 
Sea, Alaska. The oil rig is on an artificial island located approximately 8 km from the coast. A 
pipeline (right side of figure) runs from the rig to the mainland. Image credit: US Geological 
Survey
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gas development lies approximately 50 km off the coast of northwestern Alaska. 
There are 487 active leases in the CSPA that cover an area of 225,000 km2 (Bureau 
of Ocean Energy Management 2011), and seven exploration wells have been drilled 
since the early 1990s, with the most recent effort concluding in 2015. Recent analy-
ses indicate that the CSPA may include between 15 and 50% of the total high-value 
sea ice habitat for the Chukchi Sea (CS) subpopulation of polar bears, depending on 
the season (Wilson et al. 2014).

In the adjacent southern Beaufort Sea Planning Area (BSPA), there are 183 active 
leases that cover an area of approximately 4000 km2, with production occurring at 
three sites (Bureau of Ocean Energy Management 2011). Anticipated activities 
(within the next 10 years) for both planning areas include exploration―with seis-
mic and ancillary surveys when sea ice is present―and eventual extraction (Bureau 
of Ocean Energy Management 2011). In other areas of the Arctic, there are also 
plans to conduct exploration and extraction activities (Harsem et  al. 2011). 
Depending on the types of activities conducted, infrastructure could include ice-
breakers, drillships, multiple support vessels (e.g., for oil storage, spill response), 
and steel drilling caissons (platforms) as well as tugboat support. Accordingly, these 
activities could result in fragmentation of sea ice from icebreakers, noise distur-
bances, and the unintentional release of oil and industrial solvents/chemicals 
(Johnson et al. 2005; Amstrup et al. 2006; Moore et al. 2012).

To recapitulate, the primary threat to the long-term persistence of polar bears is 
climate-mediated loss of sea ice habitat (Amstrup et al. 2008; Atwood et al. 2016a); 
many of the other threats they face, like expanding human activities, are possible 
mainly because of the changing climate. Below, I discuss how loss of sea ice habitat 
and increasing anthropogenic activities are likely to drive changes in polar bear 
social structure and behavior.

24.4  �Potential Changes in Social Structure and Behavior

24.4.1  �Disruption of Gene Flow Between Subpopulations

Movement of individual polar bears between subpopulations has been clearly evi-
dent (Taylor et al. 2001; Mauritzen et al. 2002; Amstrup et al. 2004; Crompton et al. 
2008) and led some to conclude that polar bears were panmictic (i.e., no mating 
restrictions throughout the entire range) and thus a single evolutionary unit (Paetkau 
et al. 1999). However, a recent circumpolar analysis of genetic structure and gene 
flow dynamics found that the 19 subpopulations studied clustered into four 
intermediate-scale units that corresponded to current ecological and oceanographic 
factors (e.g., patterns and timing of sea ice formation and melt, the convergence and 
divergence of ice from shore, predominant patterns of ice movement; Peacock et al. 
2015). Additionally, this same work detected evidence of directional gene flow 
along a low-to-high latitudinal gradient for a subset of these clusters, which was 
considered to be generally consistent with a hypothesis of portions of the high Arctic 
serving as a refugium for polar bears as loss of sea ice habitat continues.
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The concern is that continued reductions in the availability and connectivity of 
sea ice habitat will result in transient refugia and will trigger meta-population 
dynamics (Peacock et al. 2015) characterized by differential productivity and vari-
able viability of groups of subpopulations. The mainland-island meta-population 
model, which involves the presence of suitable habitat patches located within dis-
persal distance from a large habitat patch that supports a permanent population of 
the species (Hanski and Simberloff 1997), fits polar bear dynamics that are likely to 
occur if loss of sea ice habitat continues. However, this model requires (1) density-
dependent dispersal from mainland (source or refugia) subpopulations to island 
(sink) subpopulations and (2) enough habitat stability within sink subpopulations to 
allow year-round residency. The assumption of density-dependent dispersal rests on 
the notion that carrying capacity in refugia subpopulations is high enough to trigger 
density-dependent responses, which is not always the case (Betini et al. 2015). Also, 
while polar bears display high levels of vagility (i.e., ability to move over large 
areas), there is limited information available to gauge whether changing sea ice 
conditions may be impacting dispersal ability and frequency. For example, docu-
mentation of increased frequencies of long-distance swims (Pagano et  al. 2012; 
Pilfold et al. 2016) suggests that bears are capable of traversing dispersal-like dis-
tances through water, but it is unknown if the increase in swimming behavior has 
compensated for decreased capacity to make long-distance movement over sea ice 
through loss of navigable ice. Finally, the assumption that there will be sufficient 
habitat to accommodate the year-round presence of individuals in sink subpopula-
tions is tenuous (see Chap. 23). Projections of future sea ice extent generally show 
contraction of ice toward the pole, rather than fragmentation dynamics that create 
“islands” of sea ice habitat in an open-water matrix (IPCC 2014). Given the above, 
the more likely scenario for circumpolar social structure of polar bears is a coales-
cence around the Canadian Archipelago (projected to retain year-round sea ice the 
longest), with some subpopulations seasonally separated during the open-water 
period due to geographical features and transient use of a wider region of the Arctic 
during winter when sea ice is at its maximum extent.

24.4.2  �Potential Impacts on Denning Behavior

A growing body of evidence indicates that polar bear denning behavior may be 
compromised by the continued loss of sea ice habitat. In most subpopulations, polar 
bears establish maternity dens either on land or landfast ice (Ramsay and Stirling 
1990; Durner et al. 2003) and typically enter these dens by early November, after 
sea ice refreezes, providing a connective link between the pack ice and land. 
However, the increasing duration of the open-water period, and the protracted loss 
of connectivity between pack ice and land, may impede the ability of bears that 
mostly reside on sea ice year-round to safely access terrestrial denning habitat 
(Derocher et al. 2004) (bears in subpopulations that display a seasonal ice life his-
tory are onshore prior to denning on land and thus do not rely on connectivity of sea 
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ice for accessing denning habitat). In the subpopulations of the Polar Basin (north-
ern Beaufort Sea, SB, CS, Laptev Sea, and Kara Sea), the mean date of freeze-up 
has retreated at a rate approaching 13 days/decade since 1979 (Stroeve et al. 2014). 
If the pace of retreating freeze-up is maintained, connectivity between pack ice and 
terrestrial denning habitat could eventually be lost for some subpopulations by the 
middle of the century, if not sooner (Derocher et al. 2004; Stirling and Derocher 
2012).

There does appear to be some capacity for plasticity in polar bear denning behav-
ior. For example, in the SB, denning historically occurred mainly on the sea ice 
(Lentfer and Hensel 1980; Amstrup and Gardner 1994). However, between 1985 
and 2005, a gradual shift in behavior occurred, marked by an increasing frequency 
of land-based dens such that by 2005, a majority of dens (67%) were located on land 
(Fischbach et  al. 2007). This change in denning behavior occurred alongside 
declines in multi-year ice which could have affected sea ice stability for denning 
(Fischbach et al. 2007). The change also occurred concurrent with a greater fre-
quency of long-distance swim events and increasing land use (Pagano et al. 2012; 
Atwood et al. 2016b), both of which may represent attempts by bears to cope with 
the increasing open-water period while maintaining access to denning habitat. Polar 
bear subpopulations that generally remain with the sea ice prior to moving to ter-
restrial habitats for denning are likely to face growing challenges of accessing land 
due to the lengthening open-water period (Bergen et al. 2007). It remains unknown 
whether polar bears have the capacity to shift from terrestrial denning back to a sea 
ice substrate. There may be a threshold for sea ice retreat, in which greater distances 
of pack ice from shore preclude bears from safely accessing land, and they choose, 
instead, to den on sea ice. However, that choice will not be feasible where inade-
quate pack ice is present.

24.4.3  �Changes in Spatial Behavior

As mentioned above, in some subpopulations, bears are displaying divergent behav-
ioral strategies for coping with the loss of sea ice habitat, while in others changing 
sea ice phenology is altering the timing of seasonal migratory movements. In the 
SB and CS subpopulations, polar bears have mostly remained on the sea ice year-
round (with the exception of denning on land). However, over the last few decades, 
the protracted absence of sea ice from the continental shelf has driven growing 
proportions of the subpopulations to choose to summer on land rather than remain 
with the retreating sea ice. For example, in the SB, the proportion of radio-collared 
female bears on land between August and October increased from approximately 
10% to 35% between historical (pre-2000) and contemporary periods (post-2000) 
(Atwood et al. 2016b), in the CS the proportion of radio-collared female bears on 
land increased from 20% (1986–1995) to 39% (2008–2013) (Rode et al. 2015). For 
both subpopulations, the average length of stay on land increased by approximately 
30 days and was influenced by the lengthening open-water period. In WHB, where 

24  Implications of Rapid Environmental Change for Polar Bear Behavior and Sociality



454

polar bears have historically retreated to land after sea ice melts completely in sum-
mer, changes in sea ice phenology have caused bears to adjust the timing of migra-
tion from sea ice to land and back. Cherry et al. (2013) examined the timing of 
arrival of polar bears onshore and departure back to see ice over two time periods, 
1991–1997 and 2004–2009, and found the timing of migration showed trends of 
earlier arrival onshore in summer and later departure back to sea ice in fall, which 
closely tracked changes in the timing of sea ice breakup in spring and freeze-up in 
fall.

Changes to sea ice phenology and sea ice habitat connectivity is also believed to 
be responsible for the increased frequency of long-distance swims by polar bears, 
some of which are associated with seasonal migration from sea ice to land. In the 
SB and CS, Pagano et al. (2012) identified 50 long-distance swims (i.e., >50 km) by 
20 bears over 6 years (2004–2009). Swim durations ranged from 1 to 10 days, dis-
tances ranged from 54 km to 688 km, and the frequency of swim events increased 
over time (Pagano et al. 2012). Pilfold et al. (2016) observed similar behavior in the 
Beaufort Sea and Hudson Bay from 2007 to 2012: swim duration ranged from 1 to 
9 days, and distances ranged from 51 km to 404 km. In both studies, the majority of 
swims were associated with seasonal migrations between pack ice and land. 
Interestingly, Pilfold et al. (2016) found that the frequency of swims was similar for 
lone adult females and subadults, but lower for adult females with dependent young. 
This suggests that risk-averse individuals, such as adult females with cubs, may be 
less likely to undertake a long-distance swim given the energetic consequences and 
risk to cub survival. Indeed, Durner et al. (2011) describe an instance in which an 
adult female with a yearling cub made a 687-km swim shortly after being radio-
collared. When the adult female was recaptured approximately 2 months later, she 
had lost 22% of her body mass and the yearling cub (Durner et al. 2011). These 
results support the hypothesis that long-distance swimming by polar bears is likely 
to occur more frequently as sea ice conditions change due to climate warming and 
represent an energetically costly and potentially dangerous mode of transiting frag-
mented habitat.

24.4.4  �Changes to Foraging Behavior

Sea ice loss is increasingly limiting spring and summer hunting opportunities for 
polar bears (Stirling and Derocher 2012), thereby reducing energy stores available 
to maintain body condition during the coincident period of general food deprivation 
(Rode et  al. 2010). One way in which bears may cope with declining foraging 
opportunities, and extended food deprivation, is to limit energy expenditure through 
reduced activity. For example, Whiteman et  al. (2015) found that bears in the 
Beaufort Sea reduced levels of activity during the open-water season, regardless of 
whether they were on land or the retreating pack ice. This behavior could represent 
an attempt to reduce the energetic cost of continued searching for prey by increasing 
the amount of time spent inactive/resting until prey or other food resources become 
more accessible.
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There is growing consensus that, in summer, polar bears that remain on the retreat-
ing pack ice are likely to have limited opportunities to encounter prey (Derocher 
et al. 2004; Stirling and Derocher 2012; Whiteman et al. 2015). Alternatively, polar 
bears that spend the summer on land may have greater opportunity to forage on a 
variety of food items, but the energetic benefit may not be sufficient to prevent 
declines in body condition in most cases (Rode et  al. 2015). For example, in the 
Hudson Bay region, small numbers of polar bears have been documented consuming 
terrestrial foods (e.g., Russell 1975; Lunn and Stirling 1985; Ramsay and Hobson 
1991; Rockwell and Gormezano 2009; Smith et al. 2010; Iversen et al. 2013), yet 
body condition and survival have generally declined (Stirling et  al. 1999; Regehr 
et al. 2007). By contrast, polar bears from the SB that summer on land are able to 
scavenge on human-provisioned bowhead whale (Balaena mysticetus) remains 
(Atwood et al. 2016b; Fig. 24.5), and there is some evidence to suggest that these 
bears are in better condition than individuals that summer on the sea ice (US 
Geological Survey, unpublished data). However, it is important to note that a rela-
tively small proportion (approximately 18%; Atwood et al. 2016b) of the SB sub-
population comes ashore during summer, so there is often limited demand for 
abundant bowhead whale remains. These findings corroborate the notion that the 
energy obtained from feeding on most terrestrial-based foods (i.e., protein- and car-
bohydrate-rich foods) is likely insufficient to offset daily energy expended. If polar 
bears eventually are forced to spend ≥5 months on land, it is unlikely that they will 

Fig. 24.5  Polar bear family group (mother and cubs) at the bowhead whale “bone pile” in 
Kaktovik, Alaska, 2009. Image credit: US Geological Survey
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be able to adjust their feeding behavior in a way sufficient enough to stave off declines 
in body mass (e.g., Molnár et al. 2014; Robbins et al. 2013).

24.4.5  �Social Behavior While on Land

The supplemental feeding of polar bears that occurs along Alaska’s North Slope 
(see Chap. 21 for further detail) is an interesting example of how a seemingly benign 
human activity has altered the behavior of both bears and humans. Briefly, there are 
three communities along the North Slope (SB region) that hunt bowhead whales in 
the fall. The unused whale remains are aggregated into bone piles that then attract 
large numbers of bears (e.g., up to ≈80 individuals around a single location; Atwood 
et  al. 2016b), mostly individuals that were summering onshore, but occasionally 
bears will make a long-distance swim from pack ice to a bone pile location (US 
Geological Survey, unpublished data). Only one bone pile (adjacent to the commu-
nity of Kaktovik) is both consistently used and accessible enough to allow polar 
bear viewing, and a fledgling commercial bear-viewing industry has developed as a 
result. During peak viewing (which typically occurs in October), it is not uncom-
mon for 10–20 tourists and local residents/day to use vehicles and boats to view 
bears feeding at the bone pile and resting at nearby barrier islands, respectively.

The demographic characteristics of polar bears visiting bone piles reflects that of 
the SB subpopulation, but there is some indication of demographic groups partition-
ing the use of bone piles relative to the presence of people, conspecifics, and 
allospecifics. For example, Miller et al. (2015) observed temporal partitioning of the 
Kaktovik bone pile, with lone adult polar bears and grizzly bears mostly feeding at 
night, while polar bear family groups (adult females with dependent young) and 
subadults fed mostly during dawn and dusk, when more people were usually pres-
ent. Females with dependent young may not be more tolerant of the presence of 
people; rather they may be more wary of the presence of adult males given the 
potential for infanticide (Rode et al. 2006; Derocher and Wiig 1999). Conversely, 
adult males may be more wary of people given that they likely experience the great-
est hunting pressure, as evidenced by the disproportional harvest of adult males 
(Derocher et al., 1997; Rode et al. 2006; Molnar et al., 2008). The observation that 
adult male bears resting on land near Churchill were more vigilant in the presence 
of tourists corroborates the idea of their elevated wariness of people (Dyck and 
Baydack 2004). Importantly though, it is unknown if competitive interactions or 
wariness of people interferes with feeding behavior at bone piles.

24.4.6  �Potential Impacts on Mating Success

Polar bears occur at low densities and range over vast areas, so they must rely on key 
behavioral traits to maximize the encounter of potential mates. As mentioned previ-
ously, movement data suggest that during the breeding season males minimize the 
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likelihood of encountering each other, and maximize the likelihood of encountering 
females, by increasing the tortuosity of movement paths (Laidre et  al. 2013). 
Additionally, ursids often rely on the deposition of scent marks on vertical sub-
strates to communicate with conspecifics, but vertical features on sea ice are tran-
sient and make for poor substrates for chemical communication. Instead, there is 
evidence that polar bears may rely on pedal scent marking (via tracks left in snow) 
as a way to chemically communicate information (such as reproductive status) that 
may further facilitate encountering mates (Owen et al. 2015). However, the unpre-
dictability of the Arctic sea ice, which has become more dynamic in spring as ice 
has thinned (Asplin et al. 2014), may impede the efficacy of these mate-searching 
behaviors by obstructing movement paths or disrupting scent trails. If conditions 
contributing to the impairment of mate-searching behaviors persist, it could increase 
the potential for Allee effects (i.e., a feature of small populations whereby low den-
sity limits individual fitness and population growth) in some subpopulations―espe-
cially those facing greater harvest pressure (in most subpopulations, males are 
harvested disproportionate to their abundance; see Chap. 25) (Molnar et al. 2008).

24.5  �Conclusions

Increasingly, human behavior is causing changes to the Arctic marine ecosystem. 
These changes are occurring indirectly through the influence of greenhouse gas 
emissions on physical processes that drive long-term change in ecosystem processes 
and directly via in situ activities that can immediately alter the behavior and fitness 
of wildlife. Some wildlife species will be able to adapt to these changes, while oth-
ers may not possess the plasticity necessary to persist (Van Hemert et al. 2015). 
Polar bears have evolved preferences for sea ice habitat and for preying on marine 
mammals, which have shaped their behavioral traits. But the rapid changes taking 
place in the Arctic are making it more difficult for polar bears and other ice-adapted 
species to reliably use their traditional habitats and maintain fitness (e.g., Stirling 
and Derocher 2012; Derocher et  al. 2013). Behavioral plasticity is the initial 
response to dramatic environmental perturbations, followed by transmission of 
innovative behaviors within and across generations, eventually leading to evolution 
of the behavioral response over time (Tuomainen and Candolin 2011). However, 
behavioral plasticity may be an effective response by polar bears only if the rate of 
environmental change does not outpace transmission of behavioral innovations. In 
short, it remains to be seen whether polar bears (1) possess the plasticity to cope 
with these changes and (2) will have sufficient time to innovate and adapt.

In some subpopulations, the lengthening open-water season already has been 
linked to declines in fitness and survival (Stirling et al. 1999; Regehr et al. 2010; 
Rode et al. 2010; Obbard et al. 2016). One of the purported mechanisms for these 
declines is prolonged food deprivation brought about by a lack of access to prey 
when sea ice is unavailable (Stirling and Derocher 2012). Polar bears have long pos-
sessed a feast-and-famine lifestyle, relying on fat reserves accumulated in the spring 
to ameliorate drastic declines in body condition during times when seals are less 
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available for capture. However, the plasticity of this lifestyle has limits. As men-
tioned earlier in this chapter, energy budget models indicate that an open-water 
period lasting >150 days could pose a substantial risk of reproductive failure and 
starvation. When ice is completely absent, bears will have no choice but to come 
ashore. The timing and pattern of sea ice melt and the presence of terrestrial-based 
food resources (e.g., Gormezano and Rockwell 2015; Rode et al. 2015) will largely 
determine when and where bears come ashore during the open-water period―some 
of these areas will be in close proximity to centers of human activities where food 
attractants are present. The eventual influx of a rising number of nutritionally stressed 
polar bears around coastal communities will likely result in increases in deaths from 
starvation, interspecific killing (e.g., Derocher and Wiig 1999), and human-bear con-
flict, all of which will challenge the limited capacities of managers.

Long-term projections of population status suggest that approximately two-
thirds of the world’s polar bears could be lost by the middle of this century, unless 
the global mean temperature is held to ≤2 °C above preindustrial levels (Amstrup 
et al. 2008; Amstrup et al. 2010). It is important to note that there will be temporal 
variation in the responses of subpopulations to sea ice loss. Some subpopulations 
already have experienced the effects of sea ice loss (e.g., Regehr et al. 2007, 2010; 
Bromaghin et al. 2015), while others have remained stable during an initial period 
of sea ice loss (e.g., Rode et al. 2014). However, ultimately the projections of sea ice 
loss are so dramatic that it is unclear how bears will be able to persist long-term in 
most parts of their current range. Until greenhouse gas emissions are stabilized and 
further sea ice loss is stopped, management of in situ stressors may serve to slow the 
transition of populations to progressively worsened outcomes (Atwood et al. 2016a), 
thereby buying much needed time for polar bears to adapt to a new stable state and 
hopefully improve the prospects for their long-term persistence. Developing a more 
thorough understanding of polar bear behavior and their capacity for flexibility in 
response to anthropogenic disturbances and subsequent mitigations may lead to 
successful near-term management interventions.
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Chapter 25
Uncertainties in Forecasting the Response 
of Polar Bears to Global Climate Change

David C. Douglas and Todd C. Atwood

Abstract  Several sources of uncertainty affect how precisely the future status 
of polar bears (Ursus maritimus) can be forecasted. Foremost are unknowns 
about the future levels of global greenhouse gas emissions, which could range 
from an unabated increase to an aggressively mitigated reduction. Uncertainties 
also arise because different climate models project different amounts and rates 
of future warming (and sea ice loss)—even for the same emission scenario. 
There are also uncertainties about how global warming could affect the Arctic 
Ocean’s food web, so even if climate models project the presence of sea ice in 
the future, the availability of polar bear prey is not guaranteed. Under a worst-
case emission scenario in which rates of greenhouse gas emissions continue to 
rise unabated to century’s end, the uncertainties about polar bear status center 
on a potential for extinction. If the species were to persist, it would likely be 
restricted to a high-latitude refugium in northern Canada and Greenland—
assuming a food web also existed with enough accessible prey to fuel weight 
gains for surviving onshore during the most extreme years of summer ice melt. 
On the other hand, if emissions were to be aggressively mitigated at the levels 
proposed in the Paris Climate Agreement, healthy polar bear populations would 
probably continue to occupy all but the most southern areas of their contempo-
rary summer range. While polar bears have survived previous warming phases—
which indicate some resiliency to the loss of sea ice habitat—what is certain is 
that the present pace of warming is unprecedented and will increasingly expose 
polar bears to historically novel stressors.
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25.1  �Introduction

As discussed in the preceding chapters, polar bears (Ursus maritimus) have evolved 
preferences for sea ice habitat, which they rely on to meet a number of key life-history 
needs. However, global climate change, primarily caused by human activities that emit 
greenhouse gases, has caused the Arctic to warm at twice the rate of the rest of the 
planet (Overland et al. 2015). In turn, this warming has driven a multi-decadal reduc-
tion in sea ice extent that has been linked to declines in polar bear fitness and abun-
dance in some subpopulations (e.g., Regehr et al. 2007; Rode et al. 2010; Obbard et al. 
2016). As a result, continued loss of sea ice due to warming in the Arctic is considered 
the primary long-term threat to the persistence of polar bears (Atwood et al. 2016a).

If global greenhouse gas concentrations continue to rise unabated, most climate 
models project (Collins et  al. 2013; Barnhart et  al. 2015) that by century’s end 
global mean surface air temperature will be ~4–5 °C above preindustrial levels and 
the Arctic Ocean will be ice-free in summer for as many as 5 months (Fig. 25.1, 
note RCP is defined below). If that occurs, polar bears could be forced ashore and 
food deprived (Rode et al. 2015a) for unsustainable periods across much of their 
current distribution, leading to widespread extirpation from many parts of their 
range (Amstrup et al. 2008; Robbins et al. 2012; Atwood et al. 2016a). On the other 
hand, with prompt and very aggressive mitigation of global emissions, most climate 
models project that earth’s average air temperature would not rise more than 2 °C 
above preindustrial levels, and Arctic sea ice would persist all summer although at 
less than contemporary levels (Fig. 25.1). Such intervention in the current global 
warming trajectory, in conjunction with optimal management practices, would 
likely assure healthy polar bear populations could continue to occupy most of their 
historic range (Amstrup et al. 2010). These best- and worst-case global warming 
scenarios lead to distinctly different Arctic environments with distinctly different, 
but fairly certain, outcomes for polar bears. However, for intermediate emission 

Fig. 25.1  Median monthly Arctic sea ice extent in the late twenty-first century based on projec-
tions by 13 general circulation models (GCM) from the Coupled Model Intercomparison Project 
Phase 5 (CMIP5) when forced with the “worst case” RCP 8.5 greenhouse gas emission scenario 
(top row), the “best case” representative concentration pathway (RCP) 2.6 scenario (bottom row), 
and an intermediate RCP 4.5 scenario (middle row). Maps view the North Pole (center) and show 
sea ice (white), ocean (black), and land (gray). Source: https://alaska.usgs.gov/science/biology/
habitat_dynamics/sea_ice_future.php, accessed March 2016
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scenarios, while greater global warming implies greater negative impacts on polar 
bears, the ability to precisely forecast their status Arctic-wide becomes less certain. 
In the sections that follow, we describe the primary sources of uncertainty associ-
ated with forecasting future polar bear status. We also illustrate how those uncer-
tainties manifest in an analysis that asks where polar bears will be able to spend 
summer onshore at the end of the twenty-first century.

25.2  �Uncertain Paths to the Future: Twenty-First-Century 
Emission Scenarios

The biggest contributors to uncertainties about the future status of polar bears are 
the presently unknown choices society may make regarding GHG emission path-
ways. In its Fifth Assessment Report (IPCC 2013), the United Nations 
Intergovernmental Panel on Climate Change (IPCC) evaluated general circulation 
model projections of twenty-first-century climate that were based on four different 
emission scenarios called representative concentration pathways (RCPs) (Fig. 25.2). 
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Fig. 25.2  Annual CO2 emissions for most scenarios described by the IPCC Fifth Assessment 
Report Working Group 3 (pale lines) and four representative concentration pathways (RCPs) used 
for evaluating model projections of future climate changes by Working Group 1 (bold lines). 
Individual scenarios are grouped into five categories based on atmospheric concentrations of CO2 
equivalents in 2100. Historical CO2 emissions are shown (black) with an estimated value for 2015 
(red dot). Ranges of temperature increase for each RCP (right) refer to average warming in 2081–
2100 relative to 1850–1900 (IPCC 2013). Emissions in 2030 are shown (white dot) assuming all 
countries meet their pledged (nonbinding) intended nationally determined contributions (INDCs) 
that were submitted under the Paris Climate Agreement in 2015. Source: Global Carbon Project 
(http://www.globalcarbonproject.org), accessed March 2016
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RCPs are named by the approximate level of radiative forcing (above preindustrial 
levels) attained near the end of the century, expressed in units of watts per meter 
squared (W/m2). The “warmest” scenario, RCP 8.5, represents a worst-case out-
come of abandoning attempts to curtail global warming. It portrays a world with fast 
population growth (12  billion by 2100), little technological advancement, wide-
spread poverty and slow economic growth, and high energy use (mostly from coal) 
and high emissions (van Vuuren et al. 2011). Models from this scenario project that 
by century’s end average global temperature rise will climb upward of 4–5  °C 
(above preindustrial levels) and the Arctic Ocean will be ice-free for ~5 months dur-
ing summer (Fig. 25.1).

The RCP 2.6 scenario represents a best-case outcome and portrays a world that 
keeps average global warming below 2 °C by promptly and aggressively reducing 
GHG emissions, even to the point of achieving negative emission rates (i.e., remov-
ing CO2 from the atmosphere) by late-century. The aims of the Paris Climate 
Agreement, as adopted by 195 countries in 2015 (United Nations 2015), would be 
largely met if the RCP 2.6 was to be realized. At century’s end under the RCP 2.6 
scenario, most models project that summer sea ice will persist in the Arctic Ocean 
in all months (Fig.  25.1). Achieving an emission pathway like RCP 2.6 would 
require unprecedented global commitments and technological advances (Tollefson 
2015; Smith et al. 2015).

The RCP 8.5 and RCP 2.6 scenarios reasonably establish upper and lower limits 
to all probable twenty-first-century emission pathways and upper and lower limits 
to the persistence of sea ice. Without question, the closer the future adheres to the 
RCP 2.6 scenario and its projection of sea ice availability in all months of the year, 
the better the prognosis for polar bears. With time, the real twenty-first-century 
emission pathway will play out, and the spread of plausible pathways for the remain-
der of the century will narrow. But today, the spread of possible emission scenarios 
remains broad and so too does the spread of possible outcomes for sea ice and polar 
bears.

25.3  �Model Uncertainties

When forced with the same emission scenario, different models project somewhat 
different environmental outcomes, which in turn affect projections of polar bear 
status. It is unknown how much the earth’s surface would warm if CO2 concentra-
tion in the atmosphere were to double over the preindustrial era (termed the earth’s 
climate sensitivity). Contemporary climate models differ in their estimates of the 
resultant warming, ranging between 2 and 4.5  °C (Knutti and Hegerl 2008). 
Similarly, different climate models project different estimates of when and by how 
much the sea ice will melt for any given level of greenhouse gas forcing. The uncer-
tainties introduced by different model outputs are, however, expected and informa-
tive. Global climate models have been developed by various institutions worldwide 
where scientists have applied different strategies for approximating physical 
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processes that occur at spatial and temporal resolutions beyond those of the model 
framework (Knutti 2008). For example, approximating the sub-grid-scale behaviors 
of clouds is among some of the most challenging and sensitive parameterizations. 
Since no best way exists to prescribe sub-grid-scale processes, and for other rea-
sons, the spread of outcomes obtained from an ensemble of models reflects uncer-
tainties attributable to the state of the art in global climate modeling.

25.4  �Natural Climate Variability

The total amount of uncertainty in climate projections stems from three primary 
sources (Fig. 25.3): (1) differences between emission scenarios (i.e., RCP scenario 
spread), (2) differences between models (i.e., model spread), and (3) natural climate 
variability (i.e., internal variability). The relative contributions of these three sources 
change as a function of lead time (i.e., the length of time the forecast spans). Natural 
climate variability contributes a fairly constant level of uncertainty over all lead 
times, so it dominates uncertainty in short-term projections. Uncertainties associ-
ated with emissions and models increase with longer lead times. When projecting to 
mid-century, uncertainties owing to the spread among the RCP emission scenarios 
and the spread among contemporary models increase, and the amount of uncertainty 
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due to natural climate variability becomes proportionally less. During the second 
half of the century, the amount of uncertainty from today’s broad spread of possible 
emission scenarios increasingly dominates over the uncertainties due to models. By 
the end of the century, the amount of uncertainty owing to the different emission 
scenarios is several times greater than that due to model spread, and uncertainty due 
to natural climate variability is inconsequential by comparison.

25.5  �Forecasting Future Summer Habitat

How emissions and model uncertainties influence forecasts of polar bear status can 
be evaluated by asking: at the end of the twenty-first century, where can polar bears 
come ashore during summer without risk of undue stress from prolonged food 
deprivation? In some polar bear subpopulations, the longer open-water season (and 
thus the period of food deprivation) already has been linked to declines in fitness 
(Stirling et al. 1999; Obbard et al. 2016; Rode et al. 2010) and survival (Regehr 
et  al. 2007, 2010). Moreover, energy budget models suggest that an open-water 
period lasting >150 days could result in a significant risk of reproductive failure and 
starvation (Molnár et al. 2010, 2014; Robbins et al. 2012), although that threshold 
likely has geographic dependencies due to variations in ocean productivity and prey 
accessibility that locally influence the nutritional condition of bears prior to their 
arrival on shore. Additionally, polar bears may develop a broader capacity to exploit 
alternative foods while on land, which could buffer the effects of food deprivation 
associated with an extended stay on land (Gormezano and Rockwell 2015).

To answer the question posed above, global climate model projections of future 
monthly sea ice extent from six climate models, each forced with three emission 
scenarios (RCP 2.6, RCP 4.5, and RCP 8.5), were analyzed to locate land where the 
minimum distance to sea ice did not exceed 200 km for ≥5 months during summer 
in every year, 2091–2100. The 200 km threshold was applied because adult polar 
bears are capable of swimming long distances (Pagano et al. 2012). Results of the 
analysis (Fig.  25.4) showed that with increasing levels of CO2 emissions (i.e., 
increasing RCP), coastal areas where the summer ice-free period was projected to 
be no more than 4 months in duration occurred in fewer areas and were corroborated 
by fewer models. At the century’s end under the RCP 8.5 emission pathway, only 
half of the models indicated that coastal areas in northern Canada and Greenland 
will have an ice-free period ≤4 months, while the other half indicated that all coasts 
will be unsuitable for sustaining polar bear populations because the entire Arctic 
Ocean will be ice-free for 5 months or more, at least in some years.

The three RCP scenarios lead to very different outcomes for polar bears. Under 
the RCP 8.5 scenario, the model spread raised uncertainty about whether polar 
bears will face extinction by the century’s end or if they might persist in a refugium 
in northern Canada and Greenland. The RCP 2.6 and RCP 4.5 scenarios projected 
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very different outcomes compared to RCP 8.5, illustrating how the differences 
between emission scenarios inflate uncertainties in projections with long lead times 
(i.e., late-century). Under both the RCP 2.6 and RCP 4.5 scenarios, complete agree-
ment among model projections in northern Canada and Greenland provided higher 
confidence that polar bears will be able to use those areas during summer at the 
century’s end without being stranded onshore for ≥5  months (Fig.  25.4). 
Furthermore, under the RCP 2.6 scenario, a majority of models identified potential 
summer areas along the northern coast of Eurasia—but only half the models did so 
under the RCP 4.5 scenario. Hence, model uncertainties under RCP 4.5 introduced 
greater doubt about whether the Eurasian coast could support polar bears during 
summer by late-century, compared to the RCP 2.6 scenario.

Fig. 25.4  Coastal areas where the summer ice-free period within 200 km of shore is projected to 
be 4 months or less in duration in each year, 2091–2100, as projected by six global climate models 
forced with three greenhouse gas emission scenarios (RCP 2.6, 4.5, and 8.5). Color shading along 
the coastline denotes the number of models in agreement. Inset shows the historic rise in atmo-
spheric CO2 concentration from 1950–2014 (black line) and the scenario-specific change from 
2015–2100 (red line). (Six CMIP5 models included: CCSM4, CESM-CAM5, GFDL-CM3, 
HadGEM2-AO, HadGEM2-ES, and MPI-ESM-MR.)
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25.6  �Ecological and Behavioral Uncertainties

Future sea ice will only have value to polar bears before they come ashore if prey 
are sufficiently available to allow the bears to accumulate fat at levels comparable to 
present-day bears that routinely summer onshore (e.g., Hudson Bay, Canada). Can 
we assume that prey availability will accompany climate model projections of sea 
ice availability? Large uncertainties accompany that assumption, including the 
extent to which changes in primary production and nutrient cycling may influence 
food webs (Arrigo et al. 2008; Tremblay et al. 2015); however, we feel it reasonable 
to expect that greater changes to the food web are more likely for scenarios with 
greater warming. So while global climate models provide insights into how the 
earth’s physical environment may change, how those changes could affect complex 
biological systems such as marine food webs is presently unclear (Hoegh-Guldberg 
and Bruno 2010; Schofield et al. 2010). Assuming changes are not severe, we can 
speculate how seals might redistribute as the Arctic sea ice ecosystem shrinks north-
ward (Moore and Huntington 2008). For example, ringed (Pusa hispida) and 
bearded (Erignathus barbatus) seals, the primary prey of contemporary polar bears 
and the most ice-dependent seals in the Arctic, could be expected to shift northward 
with warming to occupy ice over continental shelf waters (Harwood et al. 2015) that 
has adequate stability and snow cover for birthing, weaning, and molting. Such a 
northward shift would likely be restricted to North America and Greenland because 
the deep basin of the Arctic Ocean would restrict a northward expansion in the 
Eurasian Arctic. Subarctic seals, such as spotted (Phoca largha), ribbon 
(Histriophoca fasciata), harp (Pagophilus groenlandicus), and hooded seals 
(Cystophora cristata), could expand their ranges northward into areas vacated by 
ringed and bearded seals. The net effects of these changes are unknown: many sub-
arctic seals are adapted to extended bouts of pelagic behavior which may make them 
less available to polar bears, while some range shifts could introduce new prey that, 
if also available for capture, could improve conditions for polar bears (Peacock 
et al. 2013).

The faster the rate of ice loss, the more polar bears will be challenged by their 
low reproductive rate and long generation time and the likelihood that individual 
behaviors (such as where to spend the summer) are learned and possibly deep-
rooted. As more summer ice melts in the future, more polar bears will likely come 
ashore (Rode et al. 2015b; Atwood et al. 2016b). If the future Arctic Ocean melts 
entirely in summer, then all polar bears will come ashore somewhere. Polar bears 
already possess a feast-and-famine lifestyle, in that they rely on fat reserves accu-
mulated in spring to subsidize their energy requirements during the rest of the year 
when seals are less available for capture. The interplay between the amount of time 
spent onshore, the amount of fat reserves accumulated upon arrival, and the amount 
of available terrestrial food subsidies (Gormezano and Rockwell 2015; Rode et al. 
2015a) will determine where oversummering is—and is not—possible. Some polar 
bears will perish when attempting to summer in marginal areas during years with 
extremely poor conditions, resulting in population-level selection pressure against 
the use of those areas in future summers. Under scenarios with greater warming and 
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longer ice-free periods (e.g., Fig. 25.4), polar bear extirpation events will likely be 
more common and widespread because the overall rate of change will be faster, 
marginal areas will be more extensive, and extreme years will be more frequent.

25.7  �Conclusions

We have described several sources of uncertainty that affect how precisely we can 
forecast the impacts of global warming on polar bear welfare. Under a worst-case 
emission scenario like RCP 8.5, it is uncertain if polar bears could survive as a 
species, and if they were able to persist, it would likely be in a high-latitude refu-
gium in northern Canada and Greenland—assuming a food web also existed with 
enough accessible seals to fuel weight gains for surviving onshore during the most 
extreme years of summer ice melt. In all likelihood, such a refugium would be 
fragile and vulnerable, and ensuring its viability might be of little concern to a 
world grappling with more urgent ecological and humanitarian problems 
(Schneider 2009). On the other hand, if emissions could be aggressively mitigated 
like the RCP 2.6 scenario, healthy polar bear populations might continue to occupy 
all but the most southern areas of their contemporary summer range, while habitats 
in northern Canada and Greenland might even improve (Durner et al. 2009). The 
future for polar bears is yet to be determined, and many sources of uncertainty 
preclude our ability to precisely forecast their future status. The response of indi-
vidual polar bear populations to a changing Arctic will likely vary based on the 
severity of future warming and the regional processes that regulate sea ice dynam-
ics and biological productivity (Amstrup et al. 2008; Rode et al. 2014). Additionally, 
the extent of behavioral plasticity that polar bears possess may determine how well 
they respond to alterations in ecosystem structuring and to increasing human pres-
ence as the Arctic becomes more attractive to economic interests. However, time 
for ensuring the future of polar bears is running out. While polar bears have sur-
vived previous warming phases—which indicate some resiliency to the loss of sea 
ice habitat—what is certain is that the present pace of warming is unprecedented 
and will increasingly expose polar bears to historically novel stressors. The sooner 
global warming and sea ice loss are stopped, the better the long-term prognosis for 
the species.
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Chapter 26
The Harvest of Polar Bears Across 
the Circumpolar North

Elizabeth Peacock

Abstract  Harvest of polar bears by aboriginal peoples has occurred for millen-
nia across the circumpolar Arctic. While harvest for sport and the commercial fur 
trade increased dramatically as southerners expanded into the Arctic, the 1973 
international Agreement for the Conservation of Polar Bears curtailed harvest 
largely to aboriginal peoples. This Agreement, catalyzed by global concern for 
declining polar bear populations, is a hallmark for international cooperation in 
conservation. In Russia, polar bear harvest has been illegal since 1957, although 
there are concerns of poaching by local people for food security and also for the 
black market fur trade. Norway banned all harvest with their ratification of the 
Agreement. The USA allows for polar bear harvest by the Inupiat of Alaska. 
Quotas for the two populations shared with the USA are determined by an inter-
national user-to-user agreement between aboriginal people of Alaska and Canada 
and an international agreement between the USA and Russia, respectively. In 
Greenland, polar bears are harvested by professional Inuit hunters under a quota 
system, currently based on historic numbers. In most of Canada, where two-
thirds of the world’s polar bears are harvested, anyone can harvest a polar bear 
but only within a quota system assigned to and managed by Inuit communities. 
This harvest is based not only on scientific information, but also on historic levels 
by treaty and local traditional ecological knowledge. Globally, polar bear harvest 
averages 798 (44 SD) per year. The vast majority is for subsistence, with 6% for 
sport (Canada), and a lesser proportion for defense of life and property. The legal 
international market for polar bear hides is supplied only by exports from Canada. 
Climate change poses a greater threat to polar bears than do the current levels of 
harvest. However, habitat change and harvest interact because of the increasing 
use of land by polar bears. Further, there are scientific and conservation questions 
about the appropriateness of harvesting polar bears, even for subsistence, from 
populations that are declining due to climate change.
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26.1  �Introduction: The Historical Polar Bear Harvest

The Inuit and other aboriginal peoples of the circumpolar Arctic have hunted polar 
bears (Ursus maritimus), using their meat and fat for food and pelts for clothing and 
bedding, for thousands of years. They have also used the polar bear in trade as part 
of a subsistence hunting economy (Henri et al. 2010; Born et al. 2011). While polar 
bears constituted some nutritional and economic importance, their significance in 
the cultural and spiritual realm was perhaps greater (Henri et al. 2010). However, as 
explorers from the south and incoming missionaries and trappers expanded into the 
Subarctic and Arctic, the harvest and killing of polar bears for their hides increased, 
most dramatically with the advent of over-snow machines and non-aboriginal sport 
(trophy) hunting (Urquhart and Schweinsburg 1984). By the mid-twentieth century, 
unregulated hunting in Russia had increased around polar expedition bases, sta-
tions, and settlements, causing concern about population decline (Belikov and 
Boltunov 1998). Sport hunting peaked in the late 1960s at levels of several hundred 
per year (in addition to subsistence harvesting) in each of the USA, Canada, and 
Svalbard (Norway; Prestrud and Stirling 1994).

Concern over the level of polar bear harvest resulted in the first attempts to cur-
tail harvest in the middle of the twentieth century. In 1949, Canada banned sport 
hunting by non-aboriginal people, although de facto it did not cease (Urquhart and 
Schweinsburg 1984). The Union of Soviet Socialist Republics established a com-
plete ban on harvest in what is now the Russian Federation in 1956 (Anon. 2010). 
In the mid-1960s, the first international meeting of polar bear biologists and manag-
ers occurred in Fairbanks, Alaska, to discuss concerns about polar bear population 
decline (Flyger 1967). This meeting ultimately led to the international Agreement 
on the Conservation of Polar Bears in 1973 (hereafter, Agreement), in which the five 
nations that then hosted polar bears—USSR, Canada, the USA, Norway, and 
Denmark (Greenland)—agreed to restrict non-aboriginal polar bear harvest. Each 
member nation variously ratified the Agreement. The USA banned all non-Iñupiat 
harvest in Alaska. Norway ended all forms of polar bear harvest, including by tradi-
tional trappers. Denmark stopped non-aboriginal harvesting in Greenland (Born 
et al. 2011). With ratification of the Agreement, Canada formally allowed for con-
tinued non-aboriginal harvesting if Inuit communities chose to sell tags from their 
legal quotas to trophy hunters. These sport hunters were obligated to use a dog team 
and Inuit guide (Prestrud and Stirling 1994).

Thus with the signing of the Agreement, aboriginal harvesting of polar bears 
continued legally in three of the five nations. The territories and provinces of 
Canada, which are home to 13 of the world’s 19 populations of polar bears, imple-
mented the first population-based quotas in the late 1960s. In the Northwest 
Territories (including the modern territory of Nunavut), Manitoba, and 
Newfoundland and Labrador, quotas were explicit annual numbers based on tradi-
tional harvesting amounts that subsequently changed with updated science. Under 
aboriginal land claim agreements, Ontario allowed for continued Cree harvesting 
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in Southern Hudson Bay at a set level, and Québec protected aboriginal harvest 
without quotas (Cooper 2015). In 2011, a user-to-user agreement regarding har-
vest in Southern Hudson Bay, a population shared by Nunavut, Québec, and 
Ontario, set the first voluntary quotas for aboriginal peoples in Québec. In the 
USA, in the Southern Beaufort Sea, which has a population of polar bears shared 
with Canada, harvest is regulated by a user-to-user agreement (Brower et al. 2002; 
Nageak et  al. 1991) between the Iñupiat of Alaska and Inuit of the Yukon and 
Northwest Territories (the latter of whom are subject to government quotas). Until 
recently, in the Chukchi Sea of the USA (which is a population shared with 
Russia), harvest by the Iñupiat was unrestricted. In 2010 a shared quota was estab-
lished in the Chukchi Sea, by the U.S.-Russia Polar Bear Commission, but the 
quota has not been implemented by the federal government of Russia out of defer-
ence to its 1956 ban. In Greenland, there were no quotas until 2006, but only tra-
ditional full-time hunters are allowed to harvest polar bears by non-mechanized 
means (Born et al. 2011).

The USA banned selling (unless processed into an art form) and exporting polar 
bear hides coincident with the signing of the international Agreement and their 
Marine Mammal Protection Act. Export of hides from Greenland continued until 
2008 when Greenland failed to find a non-detriment finding (NDF; under their obli-
gations to the Convention on International Trade in Endangered Species [CITES]) 
of international trade on polar bear population health. An NDF under CITES states 
that there are no detrimental effects of international trade of wildlife on the popula-
tion. Greenland failed to find an NDF because they asserted that their research was 
at the time insufficient to know the status of their populations; therefore, Greenland 
was unable to know the effects of international trade of harvested animals on the 
health of their polar bear populations. This was a self-imposed voluntary and tem-
porary ban. Therefore, currently, Canada is the only country from which export of 
hides is legal. Export of hides occurs as trophies from sport hunting but largely as 
pelts sold by aboriginal harvesters at international fur auctions. In 2008, Canada 
failed to find an NDF for export of hides from Baffin Bay, due to lack of current 
scientific data, and therefore export of hides from bears harvested in this population 
currently does not occur.

The curtailment of polar bear harvest since the 1970s has likely resulted in an 
increase in polar bear numbers globally, underscoring the efficacy of harvest man-
agement. However, it is difficult to compare modern population estimates with 
anecdotes or estimates derived by less reliable methods in the past. Nonetheless, 
there is demographic evidence that the population in the Barents Sea—shared 
between Norway and Russia—increased after the elimination of harvesting 
(Derocher 2005). Similar suggestions have been made for the polar bears in Davis 
Strait (Peacock et al. 2013), Southern Hudson Bay (Prevett and Kolenosky 1983), 
and the Southern Beaufort Sea (Amstrup et al. 1986) populations in which data have 
been available to evaluate the impact of harvest restrictions. It is also likely that 
curtailed sustainable, science-based quotas have allowed for modest growth or 
stability in Foxe Basin (Stapleton et al. 2015).

26  The Harvest of Polar Bears Across the Circumpolar North



478

26.2  �Current Polar Bear Harvest

The number of “human-caused removals” of polar bears globally averaged 798 
(SD, 44) per year for the period 2009–2014 (PBSG 2014). Most of this figure comes 
from aboriginal harvest, although sport harvest and defense of life and property 
(DLP) kills are included. For example, in the last reported year (2014–2015), in the 
two jurisdictions of Canada where non-aboriginal sport harvest is allowed (the 
Nunavut Territory and the Northwest Territories), 40 polar bears were taken by 
sport hunters, representing 9% of the harvest (Anon. 2016; Dyck 2016). In Nunavut, 
specifically, over the last 15 years, sport harvest peaked in 2006–2007 at 24% (120 
polar bears) and has remained at approximately 10% of Nunavut’s harvest since 
this time (Dyck 2016).

DLP kills constitute a small fraction of global polar bear harvest. For example, in 
Nunavut and the Northwest Territories, DLP kills constituted 8% (n = 37) of the 
total harvest in 2014–2015 (Anon. 2016; Dyck 2016). However, DLP kills vary 
greatly among years. For example, in Nunavut DLP kills ranged between 17 and 87 
per year over the last 15 years (Dyck 2016; Peacock et al. 2007). This variation may 
depend on freeze-up date, which influences time the bears spend on land during the 
summer and autumn, but also whether communities choose to self-report a kill as 
subsistence or DLP. DLP kills in Norway have averaged 2.0 per year (SD 1.8) for 
1987–2015, with no evidence of increase (D. Vongraven, Norwegian Polar Institute, 
pers. comm.), and 1–3 per year in Russia (S. Belikov, All-Russian Research Institute 
for Nature Protection, pers. comm.). Greenland reports an average of 5.9 (SD 4.7) 
DLP kills per year for 2007–2015 (S. Erbs-Maibing, Government of Greenland, 
pers. comm.).

Recent legal international trade in polar bear hides (i.e., export of hides from 
Canada) increased between 2005 and 2013 from 266 to 400 per year but then 
dropped to 217 in 2014 (Cooper 2015) (Fig. 26.1). Cooper (2015) showed that the 
increase in exported hides largely reflects an increase in demand from China and 
argued that the demand has not generally increased harvest as there are many 
more polar bears killed per year than exported as hides. With the exception of a 
dramatic increase in polar bears harvested in Québec in the 2010–2011 harvest 
year (70% increase over the prior year’s reported harvest), polar bears remain 
harvested below quotas set by jurisdictions. The 2011 harvest of polar bears from 
Québec was likely in response to an increase in demand and increased prices of 
furs at auction, although there may be some influence of better reporting mecha-
nisms. More importantly, the manner in which ice formed in late 2010 in eastern 
Hudson Bay, which resulted in many bears being close to the Québec coast near 
the community of Inukjuak, provided ready access for hunters (M.  Obbard, 
Ministry of Natural Resources, Ontario, pers. comm., and pers. comm. within 
Cooper 2015). Nonetheless, this much publicized single incident and the resulting 
public concern over a correlation between international trade and overharvest 
prompted a user-to-user voluntary agreement, resulting in the first polar bear 
quota for Québec, specifically for the Southern Hudson Bay population. In 
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summary, Cooper’s (2015) comprehensive review of harvest and trade data con-
cluded that recent international trade has not affected polar bear harvest substan-
tially over the last decade because, although demand is high, it does not surpass 
the legal, presumably sustainable, supply.

Fig. 26.1  Polar bear hides drying in Resolute Bay, Nunavut. Image credit: Mike Harte
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The legal means by which polar bears can be harvested differ among jurisdic-
tions. The 1973 international Agreement prohibited the use of aircraft and large 
motorized vessels to hunt polar bears. In Greenland, polar bears must be harvested 
by professionally licensed hunters and only by dog sledge or boat (outboard motors 
allowed), but small over-the-snow motor machines are not permitted. In the USA, 
over-the-snow vehicles and small, motorized boats are permitted. There is no spe-
cific wording regarding weapons used in the USA, although the Russia-USA bilat-
eral agreement dictates that poison and traps cannot be used in the harvest of polar 
bears in the shared Chukchi Sea (note, however, that polar bears are not legally 
harvested in Russia). In Canada, Inuit are able to use small over-the-snow machines 
and must harvest polar bears with high-caliber rifles, unless special permission has 
been granted by the various management bodies. In the early 2000s, an Inuit hunter 
sued the Government of Nunavut for the right to use a traditional spear/knife to 
harvest a polar bear. The court sided with the hunter, although this request was 
unique in modern times. Non-Inuit sport hunters in Canada must use an Inuit guide 
and must use a dog sledge for harvesting the bear. There are no restrictions on bait-
ing or the use of dogs to pursue bears in any country.

26.3  �The Science of Polar Bear Harvest Management

The most science-driven polar bear harvest management has occurred within 
Canada, specifically within the sophisticated quota systems of the Northwest 
Territories and Nunavut. Robust harvest management has been necessary, as Canada 
is home to two-thirds of the world’s polar bears, and has active subsistence harvest-
ing with the added economic incentive of the sport harvest and international trade. 
Since the establishment of the original quota levels, subsequent changes to quotas 
in Canada have been based largely on the best available science. As methods of 
polar bear capture and handling and scientific population modeling improved, it 
was suggested that polar bears could be harvested annually at 4.5% of their popula-
tion size or 1.6% of the adult females in the population (Taylor et al. 1987a), reflect-
ing the natural growth of a stable population. The 4.5% figure was derived from the 
birth and mortality rates measured from populations of polar bears in the High 
Arctic, which were assumed to be stable (Taylor et  al. 1987b). As techniques 
became more sophisticated, each population’s sustainable harvest rate could be esti-
mated independently (e.g., Peacock et al. 2013; Taylor et al. 2002; Regehr et al. 
2010). The common 4.5% guideline is no longer implemented, except in cases in 
which scientific data were unavailable or less robust. Non-numeric harvest regula-
tions also became scientifically based. For example, Taylor et al. (1987a, b) estab-
lished that sustainable harvest was most sensitive to adult female survival, so 
regulations called for protecting females with dependent young and dictated a 2:1 
male/female ratio of the harvest. Furthermore, models started to incorporate sto-
chastic variation of the recruitment and survival parameters, allowing for inherent 
variation in biological systems (Taylor et  al. 1987a). Scientific modeling also 
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evaluated the impact of trophy hunting and persistent male selectivity (McLoughlin 
et al. 2005; Molnar et al. 2007).

In regions where the harvest has been managed with science-based quotas, it has 
been assumed that the harvest of polar bears is ecologically compensatory. That is, 
the harvesting of individual polar bears compensates for natural mortality that 
would otherwise occur. Although this is unlikely at an individual level, given the 
bears that are hunted (predominately large males by sport harvesters or younger 
bears by Inuit), compensatory harvesting theoretically occurs in that the harvesting 
of bears necessarily reduces population density making it more favorable for other 
bears, thereby augmenting natural survival rates. A compensatory mechanism 
assumes that populations are stable and at carrying capacity, as theory and empirical 
evidence suggests that when large mammals exist close to the carrying capacity of 
their environment, they are largely naturally regulated by factors that are population 
density dependent (Fowler 1981). This theory, combined with evidence that harvest-
ing polar bears at modest rates has not resulted in declines (Peacock et al. 2013; 
Stirling et al. 2011; Obbard et al. 2015; Stapleton et al. 2016), has led managers to 
assume that harvesting polar bears is not additive, i.e., that the harvest of polar bears 
ultimately reduces population size. Thus polar bear harvest management has relied 
on the premise that harvesting at a rate near population growth rate will result in a 
stable population, given that the habitat is stable (but see below, “Climate Change 
and Polar Bear Harvesting”).

Science-based harvest management of polar bears is challenging when scien-
tific data do not exist, are incomplete or not up-to-date. The estimation of demo-
graphic parameters to establish sustainable harvest based on population growth 
rate relies on capturing and marking bears. This requires extraordinary effort, 
expertise, and money and is only possible in populations with research access. For 
example, difficulties of access have complicated the estimation of population size 
for harvest management in the remote and expansive Chukchi Sea population 
(Rode et al. 2014). As another example, Nunavut requires research in each of its 12 
populations every 15 years to ensure up-to-date scientific data; however, such fre-
quent population inventories have yet to occur because of lack of resources. 
Further, assumptions required by the mathematical models are often challenged, 
bringing into question biases in the data. For example, a common challenge by 
local comanagement committees and within the scientific community is that the 
scientists sometimes do not cover the entire geographical area of the population; 
this can result in biased low population estimates because all bears are not suscep-
tible to mark and recapture, a fundamental assumption of the mathematical mod-
els. This issue has been prominent in discussions around harvest in the Southern 
Beaufort Sea, Western Hudson Bay (Stapleton et  al. 2014), and Baffin Bay 
(Dowsley and Wenzel 2008), populations which all had shown some evidence of 
decline (e.g., population size, body condition, reproductive parameters, etc.). 
Varying degrees of the robustness of data have complicated efforts to adjust harvest 
levels in these populations (Peacock et al. 2011).

The territory of Nunavut addresses the difficulty associated with frequent collec-
tion of scientific data in their community through comanagement plans, by allowing 
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for Traditional Ecological Knowledge (TEK) to substitute for scientific data older 
than 7 years in the setting of harvest levels (Anon. 2005). Other jurisdictions also 
variously use local opinion and sometimes formalized TEK, via local comanage-
ment boards, in the evaluation of scientific research and in the assessment of harvest 
levels. Recently, capture-based population demography work also requires permis-
sion by local comanagement authorities; in three recent attempts to collect robust 
scientific information for harvest management, alternative techniques (biopsy dart-
ing and aerial surveys) were used to collect data due to pressure from local Inuit 
groups to reduce the rate of capturing of bears (Foxe Basin, Baffin Bay, and Kane 
Basin; Stapleton et al. 2015; Peacock et al. 2011). As such, quotas in Canada, the 
USA, and Greenland are de facto based on varying degrees of scientific 
information.

The use of TEK to inform harvest management is not without controversy, 
because TEK is local in its nature, whereas populations are expansive. In addition, 
when economic incentives increase and harvest become more lucrative, expert-
based methods for determining harvest levels may be put under pressure (see Foote 
and Wenzel 2009 for discussion of “conservation hunting”). Lastly, the international 
Agreement (international Agreement on the Conservation of Polar Bears in 1973) 
calls for scientific research to support harvest levels, and TEK is not globally 
accepted as a substitute for science-based harvest management, especially when 
populations are shared among international jurisdictions.

26.4  �Climate Change and Polar Bear Harvesting

Previously, when establishing sustainable harvest levels, scientists have assumed 
that polar bear sea ice habitat was stable in quantity and quality. However, the sea 
ice habitat that polar bears use for foraging, mating, denning, and migration has 
declined in extent throughout the circumpolar Arctic since the 1990s as a result of 
global climate change (e.g., Durner et al. 2009; Hamilton et al. 2014; Sahanatien 
and Derocher 2012) (please also see Chaps. 23, 24, and 25 which discuss the effects 
of climate change). These reductions in sea ice habitat have been linked, in some 
populations, to declines variously in survival rates, recruitment, population size, and 
body condition (Stirling et al. 1999; Hunter et al. 2010; Regehr et al. 2010, 2007; 
Rode et al. 2010, 2012). Declines in demographic parameters have not always been 
detected following sea ice decline (Stapleton et al. 2015; Peacock et al. 2013; Rode 
et al. 2012, 2014; Obbard et al. 2015, 2016), perhaps due to other changes in the 
ecosystems, plasticity in bear behavior, or transient increase in habitat suitability. In 
addition to the presumption that population growth rates will ultimately decline as 
carry capacity declines with sea ice habitat, it is also speculated that as polar bears 
increase their time spent on land closer to human settlements (Atwood et al. 2016), 
defense kills (DLP) will increase, although this has yet to be documented. Regardless 
of the time scale and nature of ecosystem change, sea ice change should now be 
incorporated into evaluations of sustainable polar bear harvest (see the status table 
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published by the IUCN/Polar Bear Specialist Group, http://pbsg.npolar.no/en/sta-
tus/status-table.html).

A sustainable harvest implies that harvest will not be additive. Yet how can a 
population that is in decline as a result of reduced carrying capacity sustain a 
harvest? Indeed, Taylor et  al. (1987b) unequivocally state that there “can be no 
sustainable harvest if population growth rate is ≤1.0%”. Does this mean that there 
is no basis for the harvest of polar bears in populations that are declining? The 
question involves scientific, conservation, ethical, and legal considerations 
(Derocher et al. 2013).

The conservation of animal species, not to be confused with preservation, allows 
for the wise use of resources, including hunting. With respect to hunting, the goals 
of conservation would be met through the assessment of sustainable harvest as 
defined above. In situations where population growth and/or the interaction between 
population productivity and future habitat change is unknown from a quantitative 
perspective (but see Hunter et al. 2010 for an example in which habitat change was 
incorporated in population modeling), conservation theory would advocate the pre-
cautionary principle. Even with science-based estimates of population growth rates, 
under a scenario of habitat change, these rates will have uncertain longevity. A 
precautionary approach, for example, would be to base harvest rates on the estimate 
of the lower confidence limit of population parameters, given the general assump-
tion that reduced, or fragmented ice habitat, will result in lower population produc-
tivity. However, in most cases, empirical rates of population growth rate are simply 
unknown. In these situations, a precautionary approach could consider a wider vari-
ety of scientific information, such as relative population size, habitat metrics, body 
condition, recruitment indices, or index surveys. Because these data, although sci-
entific, are proxies for population growth rate and may be less precise and/or accu-
rate, the precautionary principle would suggest lowering harvest rates as uncertainty 
increases.

Southern (i.e., from non-Arctic peoples and governments) suggestions to reduce 
or eliminate harvest as a result of anthropogenic climate change are reminiscent of 
the history of imposition of outside perspectives and law on aboriginal communities 
(Peacock et al. 2011). Proposed reductions or elimination of polar bear harvest as a 
solution to counter the effects of climate change on polar bears is incongruous at 
best and at worst penalizes victims of climate change—Arctic aboriginal peoples—
for a problem largely created by outside cultures and influences. Further, if habitat 
has declined to a lower carrying capacity, a reduced population is still theoretically 
harvestable at a lower level (Derocher et al. 2013). If indeed a population is not 
capable of a sustainable harvest, a shift in perspective to a lower, cultural harvest 
(i.e., aboriginal harvesting at a level to meet cultural needs) may be necessary. 
Finally, from a legal perspective, aboriginal harvest is protected under land claims 
agreements in both Canada (Peacock et al. 2011) and Greenland (Born et al. 2011) 
and will very likely continue in these countries in the future even in the scenario of 
population declines.

In the cases of continued aboriginal harvest, but likely declining polar bear popu-
lations, the precautionary principal could arguably call for the elimination of any 
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real or perceived economic incentives to harvest additional animals. For example, in 
recent years we have seen local opposition to quota reductions in populations with 
active trophy hunting in the Western Hudson Bay (Regehr et al. 2007; Stirling et al. 
1999) and Baffin Bay subpopulations (Aars et al. 2006). Further, as the cost of hides 
climbed in 2010 for various reasons, there was a rapid increase in harvest from 
Québec in Southern Hudson Bay. These phenomena argue against the notion that 
“conservation hunting” occurs (Freeman and Wenzel 2006) in Inuit communities. 
Further, it has been argued that trade of hides of legally harvested polar bears allows 
for the influx of pelts onto the international market from poached bears from Russia. 
Partly due to these concerns, Russia and the USA submitted proposals to CITES in 
2009 and 2013 for the up-listing of the polar bear from Appendix II to Appendix I, 
which would have eliminated the commercial international trade of polar bear hides 
(Cooper 2015); these proposals were ultimately unsuccessful.

26.5  �Conclusions: The Future of Polar Bear Harvesting

In decades past, the harvest of polar bears was implicated in population decline, but 
subsequent science-based management has been effective in restoring the numeric 
health of populations. Polar bear harvest is not thought to negatively affect polar 
bears at a global level, unlike climate change (Derocher et al. 2013). The future of 
polar bear harvests cannot be a unified approach, as climate change is differentially 
affecting polar bear populations, and the Arctic nations have various traditions and 
laws governing polar bear harvest. Continuing to rely on science, where available, 
to establish harvest levels, supports the 1973 international Agreement. When sci-
ence is not available, evoking the precautionary principle is appropriate. Because it 
is difficult to establish robust quantitative assessments of population growth at fre-
quent time intervals, expanding the tools used to assess population health (Pagano 
et al. 2014; Stapleton et al. 2016) warrants research attention. Realigning harvest to 
be not only based on sustainability but also in the interest of a continued cultural 
harvest is another consideration. Finally, the effects of international trade and eco-
nomic incentives on polar bear harvest require vigilance. With these precautionary 
guidelines, aboriginal harvesting of polar bears will be able to continue for the fore-
seeable future.
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Chapter 27
Welfare of Captive Polar Bears and Their 
Value to In Situ Conservation Efforts

Randi Meyerson, Donald E. Moore, Sarah T. Long, and Judy Che-Castaldo

Abstract  Polar bears (Ursus maritimus) have always been one of the most popu-
lar animals in zoos. Though their charismatic nature has made them a good flag-
ship species for the Arctic habitat, there has been very little examination of the 
co-relationship or need for collaboration between the in situ and ex situ polar bear 
worlds. In the 1990s, polar bear populations in North American and European 
zoos were declining, and many zoos were closing their polar bear exhibits 
(Meyerson 2006; Linke 2015; Poirier and Lanthier 1995). Though still popular 
with the public, animal well-being concerns and increasing governmental regula-
tions made it evident that in order to appropriately house and exhibit this large and 
intelligent species, significant financial resources would need to be invested. 
Given that the wild population numbers had rebounded as a result of the coopera-
tive regulations enacted by the five Polar Bear Nations (i.e., the Range States: 
USA, Canada, Union of Soviet Socialist Republics, Norway and Denmark/
Greenland) (United Nations Environment Program Register of International 
Treaties 1973), which addressed issues such as illegal harvest and environmental 
toxins, the conservation threat for the species was relatively low, and zoos were 
choosing to use their limited financial resources to build exhibits for species that 
had a greater conservation need.
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27.1  �Introduction

Polar bears (Ursus maritimus) have always been one of the most popular animals in 
zoos. Though their charismatic nature has made them a good flagship species for the 
Arctic habitat, there has been very little examination of the co-relationship or need 
for collaboration between the in situ and ex situ polar bear worlds. In the 1990s, 
polar bear populations in North American and European zoos were declining, and 
many zoos were closing their polar bear exhibits (Meyerson 2006; Linke 2015; 
Poirier and Lanthier 1995). Though still popular with the public, animal well-being 
concerns and increasing governmental regulations made it evident that in order to 
appropriately house and exhibit this large and intelligent species, significant finan-
cial resources would need to be invested. Given that the wild population numbers 
had rebounded as a result of the cooperative regulations enacted by the five Polar 
Bear Nations (i.e., the Range States: USA, Canada, Union of Soviet Socialist 
Republics, Norway and Denmark/Greenland) (United Nations Environment 
Program Register of International Treaties 1973), which addressed issues such as 
illegal harvest and environmental toxins, the conservation threat for the species was 
relatively low, and zoos were choosing to use their limited financial resources to 
build exhibits for species that had a greater conservation need.

That was until climate change. In the early 2000s, when the threat to polar bears 
due to the effects of climate change and a warming Arctic became obvious, the link 
between wild and ex situ bear populations became evident. Polar bears in zoos 
started to be seen having the potential to play a vital role, both as conservation educa-
tion ambassadors and as an ex situ research population to help address in situ ques-
tions. The Association of Zoos and Aquariums (AZA) based in the United States, the 
Canada’s Accredited Zoos and Aquariums (CAZA), and the European Association 
of Zoos and Aquaria (EAZA) shifted their focus toward more intensive scientific and 
cooperative management of polar bears in the 2000s in order to address the needs of 
decreasing ex situ populations, as well as the increasing demand to more effectively 
educate the public about the threats climate change posed to the species (Meyerson 
2015; Szánthó 2014; Szánthó and Spencer 2015). The reality is that in order to save 
polar bears in the wild you need to save the sea ice, their hunting and denning plat-
forms (e.g., see Chaps. 23 and 25). In order to save the ice, greenhouse gas emissions 
and carbon use must decrease. This can only been done through changes in human 
activities. The public appeal of polar bears makes them the perfect ambassador for 
the effects of climate change in the Arctic. Zoos offer the ability to educate a group 
of people that are already engaged with animals. This captivated audience can have 
profound effects on the climate change issue by both changing their own personal 
habits, as well as helping to create motivations to form environmental policy through 
political pressure (Fig. 27.1). With over 180 million visitors a year, greater than the 
number of people attending all major professional sporting events combined in the 
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USA, Association of Zoos and Aquariums (AZA) accredited institutions have great 
public reach, with a focus on connecting people and animals. Being a founding 
member of the Network for Ocean and Climate Change Interpretation, AZA and its 
members work to change public understanding of the impact of a warming planet 
(Swim and Fraser 2013). Similarly, the EAZA, partnering with NGO Polar Bears 
International and Arctic Action, launched a major public climate change education 
program with their Pole to Pole Campaign from 2013–2015.

27.2  �The Value of Ex Situ and In Situ Collaboration

With the increasingly apparent threat of climate change came new collaborative 
relationships between zoo professionals, nongovernmental organizations, and field 
scientists. Where once there was little interaction between the zoo community and 

Fig. 27.1  Bears in our 
care are true ambassadors 
for their wild counters. 
They can inspire visitors to 
make changes in their own 
carbon use that can have 
global effects, thereby 
helping save the habitat of 
the bears in the wild. 
Image credit: Toledo Zoo
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polar bear field biologists, the potential value of that partnership was realized and 
fostered by the NGO Polar Bears International, who had working relationships with 
both groups. In addition to the great public reach offered by zoos for climate educa-
tion, there also was a realization that polar bears in human care could act as an ex 
situ research population to help answer in situ questions, using, noninvasive 
methods.

Doing research in remote locations in harsh environments with limited 
repeated access to individuals is extremely difficult and expensive. Through 
researchers employing normal husbandry practices and positive reinforcement 
training techniques, bears in zoos have participated in studies on energetics, 
sensory perception, reproduction, and emerging diseases (Rode et  al. 2016; 
Ware et al. 2015). Polar bears in zoos are being trained to wear accelerometers 
and to walk treadmills in order to help quantify energetic expenditure rates, with 
results helping determine the effects of increasingly prolonged periods of swim-
ming with declining sea ice (A. Pagano, US Geological Survey, personal com-
munication). Sensory perception research in zoos has included olfaction studies, 
looking at olfactory communication in polar bears by pedal secretions (bears 
secrete signal scents which can be detected in footpad imprints by other bears) 
of relevance to their increasingly fragmented environment (Owen et al. 2015). 
Auditory studies have been carried out to determine noise disturbance parame-
ters, especially in maternal denning areas, relevant as anthropogenic activities 
are able to increase as the Arctic warms. Assisted reproductive techniques such 
as artificial insemination and ova and sperm rescue are being applied to captive 
polar bear husbandry (Curry et  al. 2014; Curry and Roth 2016). These tech-
niques potentially have future applications for maintaining genetic diversity in 
the wild population if population fragmentation or genetic bottlenecks occur. 
Having bears in human care may also help to predict future issues with emerg-
ing diseases from a warming Arctic. Studies are currently looking at the upregu-
lation of genes in response to environmental stressors (Bowen et al. 2015), as 
well as the potential threat of diseases such as West Nile Virus, which was the 
cause of death of a male polar bear in 2006 (Dutton et al. 2010, and research in 
progress).

Collaborations between the ex situ and in situ communities are not only provid-
ing information for use in in situ situations. While originally developed as a tool for 
field researchers to consistently describe the body condition of wild polar bears, 
“The Polar Bear Score Card: A Standardised Fatness Index,” is now used by zoos as 
well (Polar Bears International 2015) (Fig. 27.2).

27.3  �Improving Standards of Care of Captive Polar Bears

Even before the concern of climate change, zoo animal care professionals real-
ized that if polar bears were going to continue to be exhibited, that standards of 
their care needed to be better defined and facilities would need to be designed to 
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address an increasingly complex understanding of the bears’ welfare needs. 
Rightly so, there was and is a concern about housing an intelligent, large mam-
mal whose natural range can be across an area of hundreds of square miles. Zoo 
professionals have worked hard to define exhibit and behavioral husbandry 
needs to provide good welfare for polar bears in our care. EAZA polar bear 
experts have developed the Ursid Husbandry Guidelines and AZA polar bear 
specialists have produced the Polar Bear Animal Care manual. Features of new 
exhibits include more space, larger pools, soft substrate, the ability to get out of 
view of conspecifics, elevated viewing areas for the bears, and the ability to 
make changes to exhibit furnishings (UHG 2007, PB ACM 2009; Shepherdson 
2013, Fig. 27.3).

Simple husbandry practices that include allowing the bears a choice of access 
to a small indoor area during zoo open hours has been found to decrease pacing in 
bears, apparently because they can exercise more control and are able to see activi-
ties behind outdoor enclosure doors and inside holding areas where the bears’ 
caretakers are. For instance, “Gus,” the male polar bear at Central Park Zoo (New 
York City, Wildlife Conservation Society), decreased his swim-pacing behavior 
from 80% of the time during daytime hours with the most basic “enriched condi-
tions,” to consistently less than 25% during the same hours when training was 

Polar Bear Scorecard: A Standardized Fatness Index
Illustrations by Emily S. Damstra

This is a subjective determination of a bear’s body condition based on assessment of body fat. Source: I. Stirling, G.W. Thiemann, E. Richardson. 2008
Quantitative Support for a Subjective Fatness Index of Immobilized Polar Bears. Journal of Wildlife Management 72(2): 568-574.

SKINNY

Skinny; emaciated
appearance; vertebrae,

ribs, and hip bones
externally visible without
palpation; no fat palpable
between skin and muscle
over the dorsal body, hips,

or lower rump.

THIN

Thin; vertebrae and hip
bones (but not ribs)

partially visible, easily
palpable under the skin;
little/no fat between skin

and muscle over the
back; small amounts of fat
detectable on lower rump.

AVERAGE

Average; healthy
appearance; vertebrae

and hip bones not visible;
upper 1/3 to 1/2 of the

spinal column can be felt
under the skin; detectable
layer of fat between skin

and muscle over rear half of
body, thickening slightly but
detectably over lower rump.

FAT

Fat; vertebrae and
hip bones not visible;
palpation reveals fat
deposited over upper
vertebrae; hip bones

difficlt to feel through fat;
fat thick over rump; a hand

rubbed above the rump
will initiate ripples in the
skin over the fat layer.

VERY FAT

Obese; vertebrae and hip
bones undetectable by

palpation; thick layer of fat
is apparent between skin
and muscle 2/3 of the way
up the back & over rump;
a hand rubbed on lower
back above rump sets
off aves of rolling fat,

possibly jiggling.

Fig. 27.2  “The Polar Bear Score Card: A Standardized Fatness Index,” (Polar Bears International 
2015). Image credit: Polar Bears International
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Fig. 27.3  The Toledo Zoo’s new Polar Bear Exhibit, the Arctic Encounter opened in 2000. It’s 
larger size and complexity, including varying topography, animal access to soft substrate and built 
in enrichment opportunities, allows the polar bears to exhibit a wider range of behaviors. Image 
credits: Toledo Zoo
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Fig. 27.3  (continued)
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increased and he was given continual access to an off-exhibit holding area. 
Additionally he chose to spend his time on-exhibit watching visitors and local 
birds (Moore, unpublished data 1996–2000). This kind of behavior change after 
receiving free choice as to whether they are in indoor holding or on-exhibit has 
been observed by other zoo scientists, including those at North Carolina, Chicago, 
and Toledo zoos (R. Meyerson, personal observation).

The training and enrichment component of the overall husbandry program is 
just as important as facility design for facilitating good welfare for polar bears in 
human care. Enrichment programs that facilitate an increased range of behav-
iors, problem solving, and choice also promote a healthy bear. This can be done 
by changing objects in their exhibit or offering novel stimuli. Effective enrich-
ment programs provide stimuli in varying ways. Most common is the manipula-
tion of how food items are offered. Common methods include scatter feeds, 
freezing in ice blocks, hiding them, or presenting them in a puzzle box where 
manipulation of an object is needed to get to the food. Other types of enrichment 
include auditory and olfactory stimulation, playing vocalizations, and offering 
different scents, spices or fur, and feces of other bears or species. Effective 
enrichment also promotes increased activity through the manipulation of objects. 
This can be provided both through exhibit design such as providing logs to claw, 
or mulch to dig through, or the provision of novel items such as 55 gallon plastic 
barrels, browse, PVC pipes, cardboard boxes, thick balls, and floating items. 
While enrichment is an important component of any polar bear husbandry pro-
gram, novel items may also offer a safety risk, and for this reason good programs 
have an approval process that involves both animal and veterinary care staff.

Training polar bears for husbandry practices (e.g., shifting on and off exhibit) 
has been common, and recently zoos’ training programs have been improved to 
include the ability to offer better veterinary care through enhanced husbandry 
training that has veterinary care goals. Behaviors, such as an “open mouth” for 
tooth exams, presenting appendages for injections, presenting feet for foot soaks, 
and most recently voluntary offering of feet for blood draws, allow for better care 
of polar bears; voluntary blood draws and other voluntary participation also 
facilitate the bears’ participation in research that can increase our understanding 
and conservation of the species. In addition to these benefits, since polar bears 
are worked with only in protected contact where staff does not directly share 
space with them, this training participation is voluntary, and the time spent with 
the keepers can be seen as strengthening the keeper and bear bond (e.g., 
Fig. 27.4).

R. Meyerson et al.
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27.4  �Positive Outcomes on Health and Well-Being of Captive 
Bears

With a better understanding of polar bear needs and behaviors, and better hus-
bandry and veterinary techniques, positive effects on vital measures (mortality, 
fecundity, and longevity) are starting to be seen. Regional and international stud-
book databases have been used for decades to pool institutional records for all 
cooperatively managed bears—from the time of birth or import until death—and 
these studbooks can provide data on vital rates (fecundity, mortality) as well as 
cause of death. Studbook data from the European and American zoo associations’ 
polar bear populations show mortality rates of the most vulnerable first age class 
(0–1 year old) decreasing in recent decades (from an average of 62% for females 
and 63% for males from 1970 to 1999 to 46 for females and 51% for males from 

Fig. 27.4  This polar bear at the Oregon Zoo is being rewarded with fish snacks as staff perform a 
voluntary blood draw from the top of his rear foot. This type of cooperative training allows the 
veterinary staff to assess the bears’ health without having to immobilize them, as well as enabling 
participation in research projects requiring multiple samples of small amounts of blood. Image 
credit: Michael Durham/Oregon Zoo
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2000 to 2015) (Linke 2015). Causes of death recorded in the AZA regional stud-
book indicate there has been a significant reduction in intraspecific aggression 
(Meyerson 2015). From 1970 to 1999, injury from exhibit mates was the third most 
common cause of death (after euthanasia and unknown/other) of the 221 deaths 
recorded in the studbook for animals older than 1 year. However, in recent years 
(2000–2015), following the shift to more formal cooperative management as a 
Species Survival Plan, there were no deaths due to conspecific injuries, aggression, 
or self-inflicted injuries, and the number of deaths attributed to infection has 
decreased considerably (from 15% of deaths to 5%). Data from both North 
American and European accredited zoos indicate that animals are now living to 
older ages, with the mean age at death significantly higher in both regions in the 
more recent time period of modern management (during 2000–2015, on average 
3.1 ± 0.61SD years older for AZA and on average 8.0 ± 0.57SD years older for 
EAZA) compared to prior management period (1970–1999) (Fig. 27.5). One of the 
driving factors of this increase is that proportionally fewer individuals died at 
younger ages during the more recent time period (Fig. 27.6).
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Fig. 27.5  A comparison of the mean age at death of polar bears in European and American zoos 
combined, between two time periods: 1970–1999 and 2000–2015. The expected ages at death are 
18.8 (95% credible interval = 18.4–19.2) and 24.6 (23.9–25.4) years for the earlier and more recent 
time period, respectively (ages at death were modeled as a Poisson distributed variable in a 
Bayesian statistical model with non-informative priors. The dashed lines show the average age at 
death for each time period, and the curved lines show the range of likely ages or the posterior prob-
ability density of the model estimates)
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27.5  �Opportunities for Future Collaboration

Zoos work cooperatively through EAZA’s European Endangered Species Programme 
(EEP) and AZA’s Species Survival Plan (SSP) program to help to ensure that indi-
vidual polar bears have appropriate facilities in which to live as both cubs and adults 
and that the populations remain genetically diverse and demographically stable 
(Ballou and Lacy 1995; Ballou et al. 2010). Governments also recognize the special 
requirements of the species and have enacted regulations to protect their welfare as 
well. As examples, in the United States, polar bears have their own regulations under 
the Animal Welfare Act (USDA 2013), and in Manitoba, Canada, captive polar bear 
management is regulated by the Polar Bear Protection Act (2002, 2008, and 2013). 
In 2012, the province also established the Leatherdale International Polar Bear 
Conservation Centre at the Assiniboine Park Zoo in Winnipeg. This center was 
established to transition orphaned polar bear cubs rescued in the province, for even-
tual placement in approved facilities. The center also contributes to understanding 
of the conservation of polar bears through its education and research programs.

In addition to having the skills to offer better welfare for the bears in our care, 
zoo professionals can offer additional skills that can directly help wild bears. With 
knowledge accumulated over time on how to house and handle polar bears, zoo 
professionals offer a large contingent of people experienced in working with live 
bears who can respond to environmental disasters like oil spills. Caring for the 
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animals where they naturally occur allows them to remain there after their rehabili-
tation. For those whose care requires them to be removed from their native habitat, 
zoos offer a place for rescue. Collaborations like this have already occurred with 
input from the zoo community when the USFWS Polar Bear Oil Spill Response 
Plan was updated in 2015 (USFWS 2015). Additionally, AZA has an active Oil 
Spill Response program, working both to assist with animal care and partner with 
government and native communities (see http://aza.org/oilspill/).

27.6  �Conclusions

The long-term sustainability of polar bear populations in the wild depends on the 
reversal of the effects of climate change, and accredited zoo facilities can help 
with the global conservation efforts of polar bears. These facilities can directly 
contribute education programs that seek to change public behaviors through effec-
tive education and interpretation—and these processes can affect hundreds of mil-
lions of visitors on-site and virtually. In addition, zoological facilities can continue 
to conduct ex situ basic biological and behavioral research with in situ applica-
tions, in developing assisted reproductive techniques in case of population bottle-
necks, in researching emerging diseases and mitigation of disease and parasite 
effects, in executing contingency plans for the rescue of orphaned and compro-
mised bears, and in understanding and responding to human-bear conflict and 
mitigating negative human-bear behaviors. The very real plight of the polar bear 
and the planet from the threat of climate change has facilitated partnerships 
between governments, zoos, researchers, nongovernmental organizations, and 
more recently with native communities. In order to save the bears, there is a need 
to continue to think outside the box on how to deal with these challenging and 
threatening issues.
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Chapter 28
Monitoring the Welfare of Polar Bear 
Populations in a Rapidly Changing Arctic

Todd C. Atwood, Colleen Duncan, Kelly A. Patyk, and Sarah A. Sonsthagen

Abstract  Most programs for monitoring the welfare of wildlife populations sup-
port efforts aimed at reaching discrete management objectives, like mitigating con-
flict with humans. While such programs can be effective, their limited scope may 
preclude systemic evaluations needed for large-scale conservation initiatives, like 
the recovery of at-risk species. We discuss select categories of metrics that can be 
used to monitor how polar bears (Ursus maritimus) are responding to the primary 
threat to their long-term persistence—loss of sea ice habitat due to the unabated rise 
in atmospheric greenhouse gas (GHG; e.g., CO2) concentrations—that can also pro-
vide information on ecosystem function and health. Monitoring key aspects of polar 
bear population dynamics, spatial behavior, health and resiliency can provide valu-
able insight into ecosystem state and function, and could be a powerful tool for 
achieving Arctic conservation objectives, particularly those that have transnational 
policy implications.
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28.1  �Introduction

The development of biologically meaningful and efficient approaches to monitoring 
wildlife populations has been a long-standing objective for researchers and manag-
ers. Most programs for monitoring the welfare of wildlife support efforts aimed at 
reaching distinct management objectives, like maintaining a sustainable harvest 
(Elmberg et al. 2006), conserving or improving habitat (Mawdsley et al. 2009), or 
mitigating conflict with humans (Treves and Karanth 2003). Such programs can be 
effective at reaching stated objectives but, because they are often limited in breadth 
and scope, may not allow for systemic evaluations needed for large-scale conserva-
tion initiatives like the recovery of threatened or endangered species.

In addition to providing information on population vital rates, monitoring pro-
grams geared toward ensuring the persistence of at-risk species should also provide 
feedback on ecosystem functioning and integrity (Lambeck 1997; Andelman and 
Fagan 2000). While challenging to implement, holistic monitoring programs have 
been used to track the distribution and abundance of threatened species relative to 
changing environmental conditions (Dawson et al. 2011), identify landscape charac-
teristics that influence patterns of species richness (Niemi and Macdonald 2004), 
and monitor the influence of ecosystem stressors on population dynamics (Magurran 
et  al. 2010). Ideally then, monitored species also could function as indicators to 
attributes characterizing the biophysical condition of an ecosystem, including 
changes in habitat, community composition (e.g., prey), and the influence of stress-
ors (Landres et al. 1988).

The polar bear (Ursus maritimus) is a species of conservation concern given their 
vulnerability to climate-induced loss of sea ice habitat (e.g., Derocher et al. 2004; 
Amstrup et al. 2008; Stirling and Derocher 2012). There are numerous mechanisms 
(e.g., international and bilateral agreements, user-to-user agreements [subsistence 
users], memorandums of understanding, recovery plans) in place or under develop-
ment to guide the conservation of polar bears. In most cases, these agreements either 
tacitly or directly rely on information collected through monitoring to guide 
decision-making. As a wide-ranging apex predator, polar bears are exposed to a 
broad array of ecosystem conditions and can be used as an indicator of attributes too 
difficult, inconvenient, or costly to measure directly. Given that, monitoring key 
aspects of polar bear population dynamics, spatial behavior, and health and resil-
iency can provide valuable insight into ecosystem state and function and could be a 
powerful tool for achieving Arctic conservation objectives, particularly those that 
have transnational policy implications.

28.2  �The Monitoring Imperative

Polar bears range over the ice-covered seas of the circumpolar Arctic (Stirling and 
Derocher 2012) and most commonly occur in areas dominated by annual sea ice 
(i.e., sea ice that forms each year) covering shallow, biologically productive waters 
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(Durner et al. 2009). Currently, it is believed that there are approximately 20,000–
25,000 polar bears distributed among 19 subpopulations (see Chap. 23), represent-
ing the majority of their historic range. However, monitoring circumpolar distribution 
and, particularly, abundance has been a long-standing challenge, and the magni-
tudes of change in status over time are uncertain for many subpopulations. For 
example, the most recent circumpolar subpopulation status assessment from the 
International Union for the Conservation of Nature/Polar Bear Specialist Group 
(IUCN/PBSG 2014) indicates three subpopulations are exhibiting a declining trend 
in abundance, six are considered stable, one is increasing, and nine are data defi-
cient. For the data-deficient subpopulations, there are no abundance estimates for 
five subpopulations due, mostly, to logistical limitations that have precluded the 
collection of relevant data.

The necessity for monitoring polar bears has evolved over time. Monitoring 
began in earnest following the implementation (in 1976) of the 1973 Agreement on 
the Conservation of Polar Bears, which mandated that “the best available science” 
be used to manage polar bears and that nations should cooperate in the management 
of transborder subpopulations. In the 1970s and 1980s, a key role of monitoring was 
to ensure that polar bears were being harvested in a sustainable manner to allow 
recovery of some subpopulations from earlier overharvest in the 1950s and 1960s 
(e.g., Brower et al. 2002). Accordingly, stakeholders included agencies with man-
agement oversight, subsistence harvesters and communities within polar bear range, 
and sport-hunters (in those subpopulations where legal). In the mid-1990s, it became 
apparent that sea ice habitat was becoming less stable, and the prevailing manage-
ment concern began to shift from sustainable harvest to the potential population-
level consequences of sea ice decline (Stirling and Derocher 1993). As the loss of 
sea ice habitat accelerated, links to adverse effects on vital rates and fitness were 
detected (e.g., Stirling et al. 1999; Regehr et al. 2006, 2007, 2010; Rode et al. 2010), 
which helped inform the decision to list polar bears as “vulnerable” on the IUCN 
Red List in 2006 and “threatened” under the US Endangered Species Act (ESA) in 
2008 (Schliebe et al., 2008; U.S. Fish and Wildlife Service 2008). Consequently, 
polar bears became a flagship species used to communicate to the public the perils 
of climate change, which broadened the group of stakeholders to include nongov-
ernmental conservation organizations, industry, and the general public. In turn, the 
monitoring imperative shifted from harvest management to population viability in 
the face of global climate change (Derocher et al. 2004; Stirling and Derocher 2012; 
Amstrup et al. 2010).

Despite the recognition of the threat posed by climate-induced loss of sea ice 
habitat (see Chaps. 23 and 24), coordinated (i.e., multinational) holistic monitoring 
plans have been slow to develop. That said, the comprehensive effort put forth in 
Vongraven et  al. (2012) to outline a framework for circumpolar monitoring has 
formed the foundation for the Circumpolar Action Plan developed under the aegis 
of the Polar Bear Range States (i.e., the parties signatory to the 1973 Agreement). 
Our intention here is not to reprise material covered by Vongraven et  al. (2012). 
Rather, we focus on select categories of metrics that can be used to monitor how 
polar bears are responding to the primary threat to their long-term persistence—loss 
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of sea ice habitat due to the unabated rise in atmospheric greenhouse gas (GHG; 
e.g., CO2) concentrations (Amstrup et al. 2010; Atwood et al. 2016a). This can also 
provide information on ecosystem function and health. Ricke and Caldeira (2014) 
estimated that peak warming resulting from emissions occurs approximately 
10 years after the CO2 is added to the atmosphere. Further, sea ice stabilization is 
expected to require 20–30 years post peak warmth (Amstrup et al. 2010). This lag 
between mitigation of emissions and stabilization of sea ice habitat (sensu Allen and 
Stocker 2013) suggests that monitoring programs that capture long-term trends will 
be critical to measuring progress toward conservation objectives.

28.3  �Metrics for Monitoring the Response of Polar Bears 
to Ecosystem Change Population Abundance and Vital 
Rates

Estimating the number of individuals within a given spatial unit is one of the most 
enduring and vexing challenges that wildlife researchers and managers face—yet, 
it also often constitutes the centerpiece of monitoring programs. As Vongraven 
et al. (2012) note, the question most often posed to polar bear biologists by policy 
makers and the public is some version of “how many bears are there?” Abundance 
and its trend are metrics that are readily translatable into an assessment of subpopu-
lation status and, from a communication perspective, are easy for the public to 
understand—e.g., subpopulations are increasing, stable, or decreasing through 
time. From a monitoring perspective, tracking changes in abundance can provide 
periodic feedback on the efficacy of management activities and vulnerability to 
environmental conditions, provided data are collected in a manner sufficient to 
minimize uncertainties. However, the Arctic is a challenging environment to work 
in and aspects of polar bear life history make them difficult to sample. For example, 
like many large carnivore species, polar bears are mostly solitary and highly vagile 
and occur at low densities (Garner et al. 1990; Taylor and Lee 1995; Born et al. 
1997; Amstrup et al. 2000, 2004). Polar bears easily transition from sea ice to open-
water and, increasingly, terrestrial habitats when sea ice is absent. Collectively, 
these characteristics can present logistical and sampling (e.g., detection heteroge-
neities) challenges that may impair the ability to obtain regular and/or robust abun-
dance estimates.

28.3.1  �Abundance

Various methods have been used to estimate abundance, and each has its advantages 
and limitations. Briefly, the most commonly used quantitative methods rely on a 
physical mark-recapture (M-R) sampling design, where bears are captured and 
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chemically immobilized from a helicopter, individuals are “marked” (e.g., via an 
individually identifiable tattoo, ear tag, or through obtaining a genetic identifica-
tion) and released, and the process is repeated annually for a predetermined period 
of time (usually ≥3 years). Estimates of abundance are then derived based on the 
ratios of marked to unmarked individuals sampled (Amstrup et al. 2005). An alter-
native and less-invasive M-R method relies on the remote collection of genetic 
“marks” (i.e., adipose tissue samples) through biopsy darting from a helicopter 
(Pagano et al. 2014). While this method is also typically repeated annually for a 
minimum of 3 years, it does not require the capture and immobilization of individu-
als and thus can be more culturally acceptable in some northern communities 
(Peacock et  al. 2011). Aerial surveys that incorporate line transect and distance 
sampling methodologies have become more common because, similar to remote 
M-R methods, they are less invasive than physical M-R and can also be used to 
estimate abundance from a single sampling occasion (Stapleton et  al. 2014a). A 
fourth method is the use of high-resolution satellite imagery, which has been shown 
to be effective in estimating polar bear abundance under certain conditions (e.g., on 
land in summer), though significant analytical progress will be needed to optimize 
its widespread use to monitor abundance (Stapleton et  al. 2014b; LaRue et  al. 
2015).

The methods described above differ in advantages and limitations. For example, 
while the costs associated with physical and remote M-R methods do not markedly 
differ, physical M-R allows for the collection of age data (beyond age classes), 
physical measurements, and biological samples, which can allow the monitoring of 
numerous other metrics discussed below (e.g., body condition, litter mass, expo-
sure to infectious agents, and contaminants). Aerial surveys, depending on the 
intensity of sampling, can be as costly as physical M-R but only allow for the col-
lection of information on age and sex classes (though determining the sex of sub-
adults can be difficult and determining the sex of yearlings and cubs is not possible). 
The use of satellite imagery is substantially less costly than the other methods men-
tioned and allows for the monitoring of even the most remote regions of the Arctic, 
but sex and age class are indistinguishable from imagery and adverse weather con-
ditions at the time of image acquisition can render imagery useless (Stapleton et al. 
2014b).

The key to choosing a method for estimating abundance is to select one most 
appropriate to monitoring program objectives. For example, periodic abundance 
estimates using a multi-year physical M-R methodology may have been sufficient 
for monitoring subpopulations when sea ice conditions were stable, but, given the 
dramatic and rapid decline in the availability of sea ice habitat over the last 15 years, 
more frequent abundance estimates are probably warranted for some subpopulations. 
Since physical M-R is expensive and it may not be feasible to incur those expenses 
on a more regular timeframe, an aerial survey could be conducted to bridge the gap 
between periodic physical M-R studies to provide an up-to-date snapshot of sub-
population status. That said, data requirements of a monitoring program, may be 
such that only physical M-R, and the various data collection opportunities it pro-
vides, will suffice.

28  Monitoring the Welfare of Polar Bear Populations in a Rapidly Changing Arctic



508

28.3.2  �Survival

Like abundance, survival is a key metric used to monitor subpopulation status. And, 
like abundance, monitoring survival can be a costly and logistically challenging 
endeavor mainly because a large sample of marked individuals, and thus multiple 
years of monitoring, is required to detect demographic variation and trends (Coulson 
et al. 2005). The most common ways to monitor survival are via radiotelemetry and 
through M-R methods (both physical and remote [i.e., genetic] M-R; White and 
Burnham 1999; Murray and Patterson 2006; Schwartz et al. 2007), which can be 
leveraged to also monitor habitat use (in the case of radiotelemetry) and estimate 
abundance (based on M-R methodologies). Further, both methods enable the linking 
of mortality to causal factors, though only radiotelemetry allows for the reliable 
determination of specific forms of mortality (other than harvest) provided mortalities 
are investigated in a timely manner. Identifying causes of death (Fig. 28.1), while 
challenging, is valuable because it can provide important information on the nature 
and severity of threats to a population, as well as feedback on ecosystem health (e.g., 
presence of infectious agents, pollutants, prey availability/accessibility).

Fig. 28.1  Yearling polar bear found dead with its mother on a barrier island north of Prudhoe Bay, 
southern Beaufort Sea, Alaska, September 2012. Notice the pink coloration of exposed skin. 
Necropsy results indicated both bears ingested the commercial dye rhodamine B, though the cause 
of the death was unknown. Image credit: U.S. Geological Survey
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Estimating sex- and age-specific survival (and mortality) rates can be particularly 
useful for monitoring population dynamics and changes in the nature of population 
and ecosystem stressors. For polar bears, mortalities have been linked to environ-
mental conditions, natural causes, and anthropogenic activities, which have the 
potential to differentially affect demographic groups (e.g., Amstrup et  al. 1989; 
Amstrup and Durner 1995; Derocher and Stirling 1996; Table 28.1) and drive popu-

Table 28.1  Published examples of confirmed and suspected sources of mortality (excluding 
harvest) for polar bears

Subpopulation Mortality sourcea

Demographic group 
affected Reference

Barents Sea Adverse weathers, 
intraspecific predationd

Cub-of-the-year 
(cubs born in the 
current year)

Larsen (1985)

Intraspecific predationd Cub-of-the-year, 
yearling

Derocher and Wiig 
(1999) and Stone and 
Derocher (2007)

Baffin Bay Management actionb All Dyck (2006)
Lancaster Sound Management actionb All Dyck (2006)
Western Hudson 
Bay

Starvations Cub-of-the-year, 
yearling

Derocher and Stirling 
(1996)

Interspecific predations Adult Lunn and Stenhouse 
(1985)

Management actionb Subadult, adult Lunn and Stirling (1985) 
and Stenhouse et al. 
(1988)

Southern 
Beaufort Sea

Natural causesd Adult Amstrup and Durner 
(1995)

Poisoningd Unspecified Amstrup et al. (1989)
Den collapse Adult, 

cub-of-the-year
Clarkson and Irish 
(1991)

Starvations Cub-of-the-year, 
yearling

Amstrup and Durner 
(1995)

Adverse weathers Unspecified Monnett and Gleason 
(2006)

Adverse weathers or 
starvations

Yearling Durner et al. (2011)

Complications from 
capture (research)

Adult Rode et al. (2014a, b)

Northern 
Beaufort Sea

Interspecific predations Cub-of-the-year Richardson and 
Andriashek (2006)

Detection of mortalities and determination of causes are rare due to the difficulty of maintaining a 
monitoring effort of sufficient duration and intensity. For example, the death of satellite-collared 
individuals can be determined from location and sensor data, but biologists are often unable to 
reach the individual in a timely manner given the logistical difficulties of working in remote loca-
tions
aSource of mortality is coded with a superscript “d” when cause has been determined or a super-
script “s” when cause is suspected
bLethal removals of bears due resulting from human-bear interactions
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lation dynamics. For example, juvenile survival, which determines recruitment, is 
often the most sensitive to limiting factors, whether caused by changes in population 
density or by environmental factors. Annual variation in juvenile survival can have 
multiple causes, including low birth weights, predation, and adverse environmental 
conditions (Amstrup and Durner 1995; Derocher and Stirling 1996; Rode et  al. 
2010). By contrast, prime-aged adult survival is buffered against most limiting fac-
tors (Wiig 1998; Regehr et al. 2015), and variability in survival typically has fewer 
causes (e.g., harvest). Persistently low adult survival rates may be indicative of a 
population experiencing a significant stress. However, survival of both adults and 
juveniles has been linked to changing sea ice conditions (Regehr et al. 2007, 2010; 
Bromaghin et al. 2015), indicating that monitoring survival (and select environmental 
covariates) can be a powerful approach for tracking effects of loss of sea ice habitat 
on population dynamics.

28.3.3  �Body Condition

Body condition characterizes an individual’s energy reserves and is often expressed 
as percent body fat (Cattet et al. 2002; Stevenson and Woods 2006). Variation in 
ursid body condition has been linked to multiple indicators of population and eco-
system health, including reproduction, cub survival, forage availability/quality, and 
environmental conditions (Atkinson and Ramsay 1995; Derocher and Stirling 1995; 
Zedrosser et al. 2006; Rode et al. 2010; McLellan 2011). In some polar bear sub-
populations, declines in body condition have been associated with decreasing sea 
ice habitats and reduced access to their main prey, ice seals (Stirling et al. 1999; 
Obbard et al. 2006, 2016; Rode et al. 2010, 2012). These changes in condition pre-
ceded changes in subpopulation health, including reduction in litter mass, litter size, 
survival, and abundance (Derocher and Stirling 1994, 1996; Stirling et  al. 1999; 
Regehr et al. 2007; Rode et al. 2010).

Various condition indices (CI) based on morphometric, biochemical, and physi-
ological parameters have been used in polar bear monitoring. Most CI require the 
physical capture of individuals. For polar bears, body condition has mainly been 
reported using morphometric-based CI (Fig.  28.2) including body mass, length, 
skull size, girth, and derived measures including body mass index (BMI), body con-
dition index (BCI), energy density, and lipid concentration of adipose tissue (Cattet 
et al. 2002; Stevenson and Woods 2006; McKinney et al. 2014). All of the morpho-
metric-based CI, except the use of remotely collected adipose tissue biopsies 
(McKinney et al. 2014), require capture. By contrast, subjective fatness indices (FI; 
Stirling et al. 1989) (please see a body condition scale in Chap. 27) can be estimated 
from either physical examination (palpation) or visual (i.e., remotely via helicopter 
or other viewing platform) observation, though no work has been done to validate 
the accuracy of remotely collected visual FI measures.

Some CI perform consistently well in indicating biological responses to chang-
ing environmental conditions. Reductions in axillary girth have been associated 
with declines in summer sea ice extent in multiple subpopulations (Rode et al. 2010, 
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2012). Reduced BCI values have been linked to the lengthening ice-free season 
(Obbard et al. 2007, 2008, 2016), and mean energy density of some demographic 
groups has varied among subpopulations characterized by different long-term 
changes in the availability of sea ice (Rode et al. 2014a). Likewise, FI of individuals 
have been shown to vary relative to disease status, contaminant exposure, and spa-
tial distribution (Henriksen et al. 2001; Amstrup et al. 2006; Atwood et al. 2015). 
There may be opportunities to expand the CI monitoring tool chest by applying 
isotope dilution and bioelectrical impedance analysis (BIA) techniques to polar 
bears. While both have been validated against total body fat and measures of 
biological significance in other ursids (Farley and Robbins 1994; Robbins et  al. 
2012), they can exhibit high variability and/or subjectivity, which may preclude 
objective assessment of trends in body condition. In sum, body condition is an 
extremely useful and common metric that can be used to gain early insight into how 
subpopulations are responding to a rapidly changing Arctic.

28.3.4  �Reproduction

Reproductive rates are expected to be highly sensitive to climate warming via 
declines in body condition of adult females (Molnar et  al. 2011; Robbins et  al. 
2012). The reproductive biology of polar bears is well understood (Ramsay and 
Stirling 1988; Atkinson and Ramsay 1995). Like most long-lived mammals, they 

Fig. 28.2  Collection of morphometric data (skull width) from an immobilized polar bear, south-
ern Beaufort Sea, Alaska, 2007. Image credit: Daniel J. Cox
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have a low reproductive rate. They enter estrus between March and June, and ovula-
tion is induced by mating (Wimsatt 1963). Implantation of the fertilized egg is 
delayed until the fall, and the timing of implantation and birth is likely influenced by 
the nutritional condition of the female (Amstrup 2003). Pregnant females enter 
maternity dens around late October and emerge with cubs near the end of March. 
Females typically reach sexual maturity at approximately 5 years of age, generally 
give birth (typically twins) at 3-year intervals (Stirling et  al. 1975; Lentfer et  al. 
1980), and reproductive senescence is believed to occur around 20  years of age 
(Ramsay and Stirling 1988). The interbirth interval (II) is marked by a period 
(≈2.5 years) of close association with cubs, which ends with weaning and the initia-
tion of a new reproductive cycle (Amstrup 2003).

A number of metrics are used for monitoring polar bear reproduction, and 
many differ in their utility and effort required to collect data. For example, inter-
birth interval (II), the number of years between successive litters by adult females, 
provides indirect information on cub survival. If cubs die before weaning, females 
often have shorter IIs (i.e., <3 years; Vongraven et al. 2012) which can be indica-
tive of declining recruitment of cubs to the subadult (3–4 years of age) age class. 
However, II can be difficult to estimate because it requires relatively long-term 
monitoring of known individuals and documentation of reproduction. Likewise, 
litter production rate, calculated from the number of females of a given age with 
cub-of-the-year (cubs born in the current year) litters divided by the total number 
of females of the same age, requires a large sample size of known-age adult 
females that can only be achieved through long-term monitoring. Similar to II, 
declines in litter production rate are often suggestive of subsequent declines in 
recruitment. Litter size and mass (following emergence of cubs-of-the-year from 
the den) are comparatively easier to collect and more commonly used. A single 
annual measure of litter size (e.g., each spring) is relatively uninformative with 
regards to population status: on average, most emerged litters are comprised of 
twins and variation in litter size is generally low (e.g., DeMaster and Stirling 
1983; Larsen 1985; Ramsay and Stirling 1988; Rode et al. 2010). However, bian-
nual (spring and fall) measures of litter size (expressed as ratios of cubs-to-adult 
female) can provide useful information on estimated cub survival over the critical 
ice-free season (e.g., DeMaster and Stirling 1983). Additionally, measuring litter 
mass may provide greater insight into population health given that heavier females 
have been shown to have heavier cubs (Derocher and Stirling 1994), which is 
believed to increase the likelihood of cub survival (Derocher and Stirling 1996).

Monitoring indices of reproduction can provide an early indication of 
changes in individual fitness and subpopulation health and environmental 
change and should be a key facet of monitoring programs. While most indices 
require the physical handling of bears, there are less-invasive (e.g., genetic-
based measures of reproductive success; Zedrosser et al. 2007) and noninvasive 
options (e.g., aerial-based cub-to-adult female ratio). The selection of indices to 
monitor will depend on the quality of data needed to meet the objectives of the 
program.
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28.4  �Distribution and Habitats

For Arctic marine species, climate change is the most important driver of habitat 
loss and impaired access to critical resources (Wassmann et al. 2011). Declines in 
the extent and temporal availability of ice over shallow water areas reduce polar bear 
access to ringed (Pusa hispida) and bearded (Erignathus barbatus) seals, their pre-
ferred prey (Thiemann et al. 2008), and represent a loss of important foraging habi-
tat. Since 1979, sea ice extent and volume during summer have declined at rates of 
−14%/ and −28%/decade (Comiso 2012), respectively, with the most pronounced 
change occurring over the last 15 years. A natural consequence of declining sea ice 
extent and volume has been a lengthening of the annual period of reduced ice avail-
ability (i.e., the open-water period), which has increased in duration at a rate of 
approximately 13 days/decade (Stroeve et al. 2014). Accordingly, there is an urgent 
need to understand the factors that influence the spatial behavior of polar bears.

Changes in the availability, distribution, and characteristics of sea ice habitat 
have forced polar bears in some subpopulations to modify their spatial behavior. For 
instance, in the southern Beaufort Sea (SB), the frequency of long-distance swim-
ming events (i.e., continuous swim of >50 km) increased concurrent with the length-
ening open-water period (Pagano et al. 2012; Fig. 28.3). In some cases, loss of sea 

21July09

26July09

0 10 20 40 60 80
Kilometers

Modis Image: 20July09

Fig. 28.3  An example of a long-distance swim by an adult female polar bear wearing a GPS-
equipped satellite collar, July 2009. Over the course of 6 days, the bear swam 302 km from uncon-
solidated sea ice to the Alaska coast on 26 July 2009. Image adapted from Pagano et al. 2012

28  Monitoring the Welfare of Polar Bear Populations in a Rapidly Changing Arctic



514

ice habitat has led polar bears to become increasingly reliant on land. For example, 
in western Hudson Bay (WHB), polar bears have historically displayed a pattern of 
displacing to land when sea ice in the bay melts completely each summer (Lunn and 
Stirling 1985). Over time, changing sea ice phenology has altered the timing of 
migration to land in summer, length of stay on land, and timing of departure back to 
ice in fall (Cherry et al. 2013). In the Chukchi Sea (CS) and SB, historic use of land 
has been rare and mainly restricted to denning, but recent observations indicate that 
the proportions of radio-collared bears coming ashore during summer have increased 
from 20% to 39% and 6% to 20%, respectively, over 15–20 years (Rode et al. 2015; 
Atwood et al. 2016b). As with WHB, the average length of stay on land for CS and 
SB bears has increased with the lengthening open-water period. In some polar bear 
subpopulations, increases in the length of stay on land have been linked to declines 
in body condition (Stirling et al. 1999; Obbard et al. 2006), and reproductive indices 
(Stirling and Parkinson 2006), and energy budget models suggest a 30-day increase 
in the length of stay on land could significantly increase the likelihood of reproduc-
tive failure and starvation (Molnár et al. 2010, 2014; Robbins et al. 2013).

Ideally, methods used to monitor distribution and habitats will be integrated, and 
there are a variety of tools available to suit that purpose. Polar bear location or occur-
rence data can be collected from satellite telemetry, direct observation (e.g., aerial 
survey), or noninvasive genetic methods. Coarse-scale habitat metrics (e.g., sea ice 
extent and concentration) can be characterized from satellite-borne passive micro-
wave imagery (PMW), while finer-scale data can be gleaned from interpreted charts 
(provided in a geographic information system [GIS] format) of sea ice concentra-
tion, extent, and composition produced by the National Ice Center (NIC; Suitland, 
Maryland, USA; http://www.natice.noaa.gov/) and the Canadian Ice Service (CIS; 
Ottawa, Ontario, Canada; http://www.ec.gc.ca/glaces-ice/). The collection of loca-
tion or occurrence data can be cost prohibitive―satellite telemetry collars average 
$3600 USD/per unit, and deployment requires helicopter-based capture. Collecting 
occurrence data from aerial surveys is slightly less costly than the deployment of 
collars, while the cost associated with land-based noninvasive genetic methods (e.g., 
hair-snags; Herreman and Peacock 2013) can be quite reasonable. Fortunately, daily 
PMW data (since 1979) and weekly to biweekly NIC (since 1997) and CIS data 
(since 1968) are freely available to users (Vongraven et al. 2012).

Data from polar bear space use and habitat characteristics have been used to 
identify patterns of resource selection (Mauritzen et  al. 2003; Richardson et  al. 
2005; Durner et al. 2009), delineate subpopulation boundaries and characterize spa-
tial structure (Amstrup et al., 2004; Sahanatien et al. 2015), quantify changes in the 
availability of high-quality sea ice habitats over time and project the distribution of 
high-quality habitat into the future (Durner et al. 2009; Durner 2014), and identify 
triggers of migratory behavior (Cherry et al. 2013; Rode et al. 2015; Atwood et al. 
2016b). Monitoring spatial behavior and habitats has helped elucidate how future 
environmental change is likely to influence the distribution of polar bears, though 
linking patterns of resource selection to fitness has proven difficult. Monitoring pro-
grams that link estimates of habitat quality to measures of variation in demographic 
vital rates will further improve our understanding of how polar bears are likely to 
respond to the continued loss of sea ice habitat and may be critical in guiding reserve 
design and mitigating the impacts of human disturbance.

T.C. Atwood et al.
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28.5  �Monitoring Polar Bear Health

Health is one of the fundamental principles of animal welfare as defined by the 
World Organization for Animal Health (OIE 2015). However, there is not an agreed 
consensus on how animal health and disease are defined (Gunnarsson 2006; 
Nordenfelt 2011). To date, animal health monitoring has been largely disease cen-
tric, but it is slowly transitioning to a characterization of health in the context of 
vulnerability (Hanisch et al. 2012; Stephen 2014).

Recently, an expert group unanimously agreed that polar bear health can be 
applied at individual, species, and ecosystem levels and that some defining charac-
teristics are whether a population can respond to factors in its environment and 
sustain itself long term (Patyk et al. 2015). The same group also agreed that there is 
a need for systematic and standardized monitoring and data collection to monitor 
health and identify early changes that may negatively impact subpopulations (Patyk 
et al. 2015). These, along with other needs and knowledge gaps to adequately assess 
and monitor health, are represented schematically in Fig. 28.4. While this list was 
developed by polar bear researchers with training and expertise in biology, ecology, 
and veterinary medicine, additional stakeholder involvement (e.g., subsistence 
users, Arctic villagers, physiologists, and climate scientists) will be necessary to 

Fig. 28.4  Important concerns to polar bear health, grouped into three categories—biological, 
social, and ecological—depicted by the concentric circles. The eight themes listed within the fig-
ure are topics about concerns to polar bear health over the next 20 years. The means of survey 
scores are given in parentheses where respondents rated each concern on a scale from 1 to 10, 
where 1 = “little to no importance” and 10 = “utmost importance.” The figure illustrates the multi-
faceted nature of health risks and the concerns to polar bear health across multiple levels and 
emphasizes the importance of integrated monitoring of health determinants across subpopulations. 
Source Patyk et al. 2015
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further shape a polar bear health-monitoring program that could be adopted across 
all of the subpopulations. In order to do this, however, it will be necessary to collect 
and integrate health information in such a way that it can be used to address both 
current and future health concerns.

28.5.1  �Monitoring Methods

Health information can be collected either actively or passively. Active (i.e., tar-
geted) surveillance implies proactive data collection for a specific purpose and has 
been used in many of the pathogen and parasite investigations to date on polar bears 
(Fagre et al. 2015). In contrast, passive surveillance refers to data collected opportu-
nistically, sampling that builds on existing monitoring programs, or the application 
of data from multiple sources. This type of data may include information collected 
during general examinations of bears captured as part of annual research programs, 
samples collected as a result of bears exhibiting abnormal behavior (e.g., hunter 
observation; Taylor et al. 1991), or data collected in association with a morbidity/
mortality event (e.g., Atwood et al. 2015). Appropriate selection of animals is criti-
cal for the reduction of bias within the monitoring program.

Figure 28.5 depicts a set of metrics for monitoring health in polar bears and 
serves as a starting point for the development of more specific tests and scales of 

Fig. 28.5  A word cloud depicting the most important metrics or critical indicators to monitor 
health in polar bears as identified by a panel of experts on polar bear research and management. 
The larger the word, the more frequently the metric or indicator was identified by the group of 
experts as described in Patyk et al. (2015). Source: Patyk et al. (2015)
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measurement to ensure that results can be interpreted over time and across subpopu-
lations. The nature of available biological samples (e.g., feces, hair, and blood) sig-
nificantly influences, and often restricts, the type of testing that can be conducted on 
an animal (Fagre et al. 2015). There are many challenges associated with diagnostic 
tests in wild animals relative to their domestic counterparts for whom the assays are 
usually developed and validated (Stallknecht 2007; Ryser-Degiorgis 2013). These 
issues are exacerbated by environmental conditions that can complicate the collec-
tion and storage of many biological samples and restrict the potential field applica-
tion of numerous biomedical tools (Fagre et  al. 2015). Broadly speaking, direct 
detection methods for pathogens (i.e., bacterial culture) can be used in a wide range 
of species, while wildlife immunology has historically suffered from a lack of 
species-specific reagents and gaps in knowledge regarding the normal immune 
response in many free-ranging species (Gilbert et al. 2013). Fortunately, wildlife 
immunology, however, is an area in which rapid technological advances are being 
made and immune function assays are increasingly becoming more applicable to 
wildlife. For all diagnostic testing, the use of appropriate controls, metrics of test 
performance (i.e., sensitivity and specificity), and overall laboratory protocols (i.e., 
certification/accreditation and performance reviews) should also be considered.

Biological sample archives can be an extremely valuable resource to conduct 
retrospective investigations, e.g., to look at spatial or temporal trends of pathogens. 
However, care must be taken that samples are collected and stored in a method 
appropriate for future use (OIE 2013). The long-term costs associated with the stor-
age and management of samples and data storage must also be considered.

28.5.2  �Health Monitoring for the Future

The call to adopt a broader definition of polar bear health necessitates the recogni-
tion that health is more than a static biologic state or the absence of specific hazards 
and positions us to be more proactive in monitoring health for both known and 
unknown threats. Determinants of health are intertwined across biological, social, 
and ecological components (Fig. 28.5), and climate-driven changes to the marine 
ecosystem have prompted the need for a dynamic approach to monitoring health 
that is underscored by this broader conceptualization. To that end, a cumulative 
effect framework integrating multiple factors impacting on health over time has 
been identified as a critical need and, in some cases, has become an expectation of 
wildlife management agencies. The development of such a framework for polar 
bears is a critical first step. Additionally, given the limitations of biological sample 
collection on free-ranging animals, continual advancement of laboratory assays that 
can be conducted on currently available tissues is critical. As previously mentioned, 
wildlife immunology is an area of opportunity. The immune system is sensitive to 
both infectious and noninfectious stressors as well as both short- and long-term 
exposures, making it a very valuable system in which to study the cumulative effect 
of multiple stressors. A recent review highlighted systemic suppression in immune 
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function of marine mammals exposed to contaminants and illustrated the potential 
population-level consequences that may arise when these species cannot appropri-
ately respond to anthropogenic or infectious disease stressors (Desforges et  al. 
2016). Finally, in order to meaningfully advance polar bear health studies, there is a 
need for increased collaboration not only among polar bear biologists but also with 
disciplines not historically aligned with wildlife health programs (Patyk et al. 2015; 
Sleeman 2013). Individuals from a wide range of specialties have the ability to con-
tribute significantly to the advancement of techniques and the interpretation of data 
related to polar bear health. Such groups should draw from both the biological (e.g., 
climate change and biomedical) and social (e.g., human dimensions and policy) sci-
ences. As marine mammals have been proposed as a good sentinel for the health of 
marine ecosystems and human health hazards (Bossart 2011), the design and imple-
mentation of an innovative polar bear health-monitoring plan have the potential to 
impact other wildlife species both within the ecosystems they share and in other 
parts of the world where similar issues complicate effective and sustainable animal 
health-monitoring.

28.6  �Assessing the Capacity for Resilience and Adaptation

Arguably, long-term persistence of polar bears will depend on their ability to either 
adapt or demonstrate plasticity to significant environmental stressors. However, to 
date, there has been limited work investigating the capacity for polar bears to be 
resilient to environmental change. Below, we briefly summarize those efforts and 
suggest additional monitoring opportunities that may prove useful in assessing the 
adaptive capacity of polar bears.

28.6.1  �Diets

One way in which polar bears might cope with reduced opportunities to forage on 
ice seals is by switching to alternative food sources, particularly during the annual 
open-water period. Seasonal variation in the feeding ecology of polar bears is well 
documented—for example, there are observations, dating back several decades, of 
land-bound polar bears consuming terrestrial and freshwater food items (e.g., 
Russell 1975; Lunn and Stirling 1985; Ramsay and Hobson 1991). Moreover, recent 
evidence indicates that consumption of these foods is increasing in some subpopula-
tions (Rockwell and Gormezano 2009; Smith et al. 2010; Iversen et al. 2013; Prop 
et al. 2015), and this has led to speculation that increased terrestrial feeding could 
mitigate the adverse energetic consequences associated with the lengthening open-
water period (Gormezano and Rockwell 2013). While the geographic distribution of 
data on the occurrence of terrestrial feeding is limited, it is important to note that 
polar bear body condition and survival rates have declined in subpopulations where 
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land use has increased and consumption of terrestrial-based foods has been docu-
mented (Rode et al. 2015).

There are a variety of analytical tools that can form the foundation of diet moni-
toring program, including the identification prey items from scat, but the most com-
monly used methods are stable isotope (SI) and fatty acid (FA) signature analyses 
(Thiemann 2008). Stable isotope-based estimates of diets can be derived using a 
variety of tissue types, including non-invasively collected hair samples, thus making 
it a relatively cost-effective method. By contrast, FA-based diet estimation relies on 
sample types (e.g., adipose tissue, milk, blood serum) that mostly require the physi-
cal handling of individuals (Iverson 1993; Cooper et al. 2005; Thiemann et al. 2008). 
As with many other monitoring tools, the selection of analytical technique and sam-
ple type should be guided by monitoring program objectives. Monitoring for 
changes in polar bear diets holds great potential for understanding the nutritional 
and energetic mechanisms by which body condition and reproduction are affected 
by sea ice loss and will aid in refining projections for the future status of polar bear 
populations as sea ice habitat continues to decline.

28.6.2  �Genetics

Analyses of deeply sequenced genomes of polar, brown (Ursus arctos), and black 
bears (Ursus americanus) have allowed us to begin investigating the unique physi-
ological adaptation of polar bear to Arctic environments (Miller et  al. 2012; Liu 
et al. 2014; Welch et al. 2014). Deep genomic analyses uncovered regions in the 
ursid genome that appear to harbor genes and other functional elements that may be 
under positive selection, and a suite of 82 of these genes involving 20 known physi-
ological pathways have been identified for polar bear (Miller et al. 2012). Among 
gene variants apparently under differential selection are those involved in muscle 
atrophy, protein conservation, and therefore, possibly, hibernation, the regulation of 
milk lipid droplet secretion, obesity, lean body mass, hyperphagia, synthesis and 
catabolism of high-density lipoproteins, and long-chain fatty acid synthesis and 
catabolism. Additionally, variation at genes related to the production of nitric oxide 
may allow polar bears to control trade-offs between energy production, oxygen con-
sumption, and thermogenesis, providing a mechanism for polar bears to adaptively 
respond to Arctic extremes (Welch et al. 2014). Gene lineages within polar bears 
have been under stronger positive selection than in brown bears and may have 
restructured metabolic and cardiovascular function (Liu et al. 2014). As well, vari-
ants in a series of genes associated with skin and hair pigmentation differences 
among black, brown, and polar bears were also identified (Miller et al. 2012; Liu 
et al. 2014). It is not known yet whether these variants are fixed between species or 
whether polymorphism at these genes signals increased ability to adapt to changing 
conditions.

In some cases, the heritable variation in ecologically important traits for special-
ist species may be low (Kellermann et al. 2006; Williams et al. 2008). Species with 
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low evolutionary potential that continue to reside in their current ranges can initially 
respond to changes in the environment by altering their phenotype (phenotypic plas-
ticity; Bradshaw 1965; Przybylo et al. 2000) which, even in the absence of evolu-
tionary potential, is an important mechanism for rapid species response because 
plastic characters can change within an individual’s life span or a generation. 
However, while phenotypic plasticity provides a stop-gap measure for populations 
facing environmental change, there can be fitness associated costs (Chevin et  al. 
2010), and there are limits to plastic responses (Pigliucci 1996) in the absence of 
sufficient evolutionary potential. The degree of plasticity of traits depends on sev-
eral factors such as phylogenetic constraints, degree of niche specialization, and 
physiological tolerance ranges (Nylin and Gotthard 1998; Williams et al. 2008). As 
global climate change proceeds, the optimal phenotypic changes required for timing 
of development, reproduction, and migration will exceed the limits of individual 
plasticity. Therefore, selection will likely alter traits, changing the genetic composi-
tion of populations and ultimately species. The ability of selection to alter traits is 
ultimately dependent upon the standing genetic variation within species and addi-
tional variation generated by mutation and immigration, as individuals cannot pre-
adapt to future conditions (Lynch 1996; Bijlsma et al. 1997; Berteaux et al. 2004).

Genomics approaches are increasingly being used to link genetic variation to 
adaptively important trait variation, providing alternative measures of evolutionary 
potential (Hill 2012). Genomic information can provide value information regard-
ing population persistence, inbreeding depression, outbreeding depression, hybrid-
ization, introgression, and adaptation (Allendorf et al. 2010; Angeloni et al. 2012). 
Identification of the genetic basis of adaptation to the Arctic in combination with 
ecological characterization of polar bears will provide new insights into the ability 
of polar bears to respond to a changing climate and development of conservation 
management programs (Eizaguirre and Baltazar-Soares 2014).

28.7  �Conclusions

Despite the general consensus that polar bears are adversely affected by climatic 
warming, there is a great deal of uncertainty concerning short- and mid-term regional 
responses (e.g., Amstrup et al. 2008; Atwood et al. 2016a, b). In part, this is due to 
lack of recent (i.e., within the last 20  years) data on 7 of the 19 subpopulations 
(IUCN/PBSG 2014), such that basic vital rates for those subpopulations are pres-
ently unknown. However, ultimately the fate of polar bears will be determined by 
the fate of Arctic sea ice ecosystems. Localized adaptations may slow population 
declines and, in a best-case scenario, result in a remnant, vastly reduced “refuge” 
population. But the prospect of recovering a single remnant population to its former 
range is daunting if not unavailing, given the potential consequences of Allee effects, 
inbreeding depression, and bottlenecks, among others (e.g., Amos and Balmford 
2001). The challenges to conservation are substantial and will require creative moni-
toring approaches to inform strategies for overcoming those challenges.

T.C. Atwood et al.
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Clearly, what is needed to guide polar bear conservation planning is a 
circumpolar-based monitoring initiative that leverages the efforts of regional 
experts into range-wide inference regarding future trends and trajectories. The 
framework for such an approach is provided in great detail by Vongraven et al. 
(2012), and we reiterate some of those findings and provide additional suggestions 
in this chapter. Critical to the success of a program with that over-arching goal will 
be the identification of points (i.e., thresholds) at which changing sea ice condi-
tions produce either pronounced population responses or substantially improve 
management outcomes (Samhouri et  al. 2010). Inherent to this process is the 
notion that biologists have not become enamored with trying to identify and mea-
sure thresholds simply because they are scientifically interesting but rather because 
of their high conservation significance (Martin et al. 2009). In large part, the key 
to staying focused on the most relevant thresholds is to start by stating clear con-
servation objectives and potential management actions and then focusing on col-
lecting information on metrics that characterize population response to those 
actions.
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Chapter 29
Effects on Otters of Pollution, Fisheries 
Equipment and Water-Borne Debris

Lesley Wright, Shawn Larson, Jan Reed-Smith, Nicole Duplaix,  
and Thomas Serfass

Abstract  Welfare effects of human interactions on river and sea otters take many 
forms: trapping, fishing, water borne debris, toxic elements and captivity. Animal 
welfare issues associated with otter trapping, especially using leghold traps, are 
reviewed. Different trap models are described. Box traps or padded traps are used 
for the live capture of otters. Frequent trap checking correlates with minimising 
trap-related injuries. The impact of climate change on wetland habitats affects otter 
populations. Climate change may affect sea otter populations both negatively and 
positively. Ocean acidification is thought to have negative impacts on sea otter prey. 
Global warming may have a positive impact on available habitat for sea otter popu-
lations, opening new habitat as ocean ice retreats northwards. Our state of knowl-
edge of husbandry techniques for river otters and sea otters in captivity has improved 
over the last 20 years. Poorly designed enclosures lead to chronic stress. Creating 
factual, documented activity budgets for individual otters is a first step to stimulat-
ing natural behaviours. Rehabilitation techniques for orphaned river and sea otter 
cubs have improved and successful releases have been documented.
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29.1  �Introduction

Otters are carnivores belonging to the subfamily Lutrinae (family Mustelidae). The 
13 extant species are divided into semiaquatic (11 species) and marine (2 species). 
Otters have long, tubular bodies, muscular tails and short limbs, well suited for 
aquatic propulsion. They are distributed across all continents with the exception of 
Australasia and the poles. Of the 13 species, 5 are endangered, 5 threatened and 2 
vulnerable (IUCN Red List 2015). Only one, the North American river otter, is con-
sidered out of danger. Clearly otters are at risk.

Human development has destroyed, transformed and fragmented otter habitats 
worldwide. Habitat-related stressors include pollution, sedimentation, drought, 
overfishing and invasive species. Only a limited number of unaltered rivers and 
wetland landscapes remain today. However, if some or all of these stressors are 
addressed and repaired, otters will return and re-establish stable populations. Such 
has been the case in areas of the USA (Lontra canadensis) and Europe (Lutra lutra) 
where protection and antipollution measures were enforced in the 1980s and otters 
were successfully reintroduced. Once considered critically endangered in the UK, 
the otter has returned to every county in the span of 40 years.

In the following chapters, we will focus on three aspects involving human activi-
ties which directly affect otter welfare: the hunting and trapping of otters, water-
borne debris and poor otter husbandry in captivity.

29.1.1  �Pollution: Oil

Oil is by far the most serious marine-borne threat to otters. For sea otters (Enhydra 
lutris) and marine otters (Lontra felina), a major oil spill has the potential to be a 
global population-threatening event.

On 24 March 1989, the T/V Exxon Valdez went aground in northwest Prince 
William Sound, Alaska, spilling an estimated 264,000 barrels of crude oil and con-
taminating more than 2000 km of shoreline (Bragg et  al. 1994). The spill killed 
many species of marine wildlife, including several thousand sea otters (Ballachey 
et al. 1994). In addition to the acute mortalities over the decade following the spill, 
the chronic persistence of the oil in the nearshore intertidal areas continued to affect 
the ecosystem, causing delayed recovery of several wildlife species, including sea 
otters (Peterson et al. 2003).

As yet, no similar spill has occurred on the Pacific coast of South America, but 
should such an event happen off Peru or Chile, it could devastate the sparse, frag-
mented population of the endangered marine otter, Lontra felina (Valqui, J and 
Rheingantz, ML (2015). This exclusively coastal species is, like the sea otter, 
broadly dependent on kelp forest for prey and dens on rocky shores exposed to 
heavy seas—and oil spills.

Other otter species using coastal habitats have also been exposed to spilt oil, e.g. 
the Eurasian otter, Lutra lutra (‘Erika’ in 1999 off France; MV Braer, off Shetland 
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in 1995), and the North American river otter, Lontra canadensis (Exxon Valdez also 
killed at least 39 river otters, though Bowyer et al. (2003) estimated that up to 80 
animals may have been lost). These species are relatively abundant: the Eurasian 
otter is only Red List assessed as Near Threatened (Roos et al. 2015) and the river 
otter as Least Concern (Serfass et al. 2015). There is no major population threat, 
though local extirpation may occur.

The threat to coast-utilising African clawless otters, Aonyx capensis, posed by the 
frequent oil spills in the Niger delta (see, e.g. Snowden and Ekweozor 1987) has not 
received the global attention or research effort that tanker spills have received; nev-
ertheless, it is possible that individual otters in this region are being exposed to oil.

Other otter species known to use coastal habitats also suffer from oil spills, such 
as the smooth-coated otter, Lutrogale perspicillata, and the Asian small-clawed 
otter, Aonyx cinereus. There has been no documented occurrence of otters (specifi-
cally) being affected by this, but spills, leaks and well blow-outs are impacting 
mangroves in Indonesia and Malaysia, which are otter habitat, such as the spill from 
the Lucky Lady off Java in 2004, which spilt 1200 tonnes of crude oil and impacted 
coastal mangroves (ITOPF 2015). Any coastal otter could be exposed to an oil spill, 
worldwide. What are the effects of this exposure?

Otters are affected physically, physiologically and psychologically by exposure to oil 
and, for some individuals, by capture, cleaning and rehabilitation either to the wild or 
into captivity. Unlike other marine mammals, otters do not have a layer of blubber under 
the skin for insulation—they rely on air bubbles trapped in their coats, warmed with 
body heat. Accordingly, they have a very strong urge to groom, distributing natural skin 
oils and replenishing the air layer. Sea otters are particularly assiduous in this activity 
and are frequently seen blowing air into their fur (Kenyon 1969). Young sea otter cubs 
have particularly fluffy coats, giving them buoyancy while they are too young to swim, 
relying on their mother maintaining the air content to stop them sinking and drowning.

An oiled otter will have a very strong drive to groom the oil from its fur, thus 
ingesting oil, inhaling the fumes and experiencing irritation of the eyes, nose, diges-
tive tract and lungs. In addition, oil destroys the insulation of the fur, leading to both 
loss of buoyancy (especially in cubs) and hypothermia (Williams et al. 1988). Very 
many otters have died in ‘horrendous suffering’ as a result of contamination with oil 
(Kruuk 2006).

Oil spills often bring out a wave of compassion for wildlife, and in some coun-
tries, there is a well-organised network of responders ready to travel to spill sites as 
soon as an event is notified. Animals are rescued, assessed and, where possible, 
cleaned and either rehabilitated back to the wild or retained in captivity. The chronic 
effects of crude oil exposure then begin to be important. After capture, some otters 
will inevitably be judged unviable and euthanised. The rest will enter the cleaning 
process: after light sedation, the otter is washed (dish washing detergent liquid has 
been found to be effective) and then allowed to recuperate under veterinary care 
while the natural coat oils replenish.

After Exxon Valdez, this process was still largely experimental and variable, slow 
and expensive (estimated at $40,000–80,000 per otter), and some of the cleansing 
agents used were themselves toxic, adding to the otters’ distress (Williams et al. 1988). 
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Of the 356 otters picked up alive, only 54% were subsequently released and 10% 
found homes in aquaria—34% died during the cleaning and rehabilitation process. 
Even perfectly healthy otters can suffer stress-induced mortality during capture, with 
rates of 5% and 10% (Waldichuck 1990; Estes 1992).

Since the Exxon Valdez, these loss and cost rates have been vastly improved in 
terms of cost (around ten times less), time spent in captivity and survival rates, 
mainly because of improved washing media, the provision of heated, softened, 
freshwater recuperation pools, infrared thermography (to assess body temperature) 
and subcutaneous temperature-sensitive passive integrated transponder tags (Jessup 
et al. 2012). With these modern protocols in place, the prognosis today for an oiled 
otter is far better than it was in 1989.

Even so, the otter which has been cleaned will have been exposed to a highly 
toxic substance. Inhalation of crude oil fumes are known, in the short term, to result 
in respiratory distress, but in the longer term can lead to chemical pneumonia, 
mucosal irritation, loss of coordination, irregular heartbeat, convulsions and coma 
(Goldstein 2010). Ingestion rapidly results in vomiting and diarrhoea, and the com-
ponents of crude oil are known teratogens, as well as affecting the haemopoietic 
(blood-forming) system, damaging the liver and kidneys, and, in the case of ben-
zene, are carcinogens, even at very low concentrations (Goldstein 2010). DeGrange 
(1990) notes that necroscopy of otters dying in the Exxon Valdez treatment centre 
showed pulmonary emphysema, subcutaneous emphysema, haemorrhagic enteritis 
and liver and kidney dysfunction. Waldichuck (1990) reports that many otters that 
survived cleaning exhibited liver damage, low blood sugar levels and low body 
temperature and died regardless of treatment. Baker et al. (1981), during necrosco-
pies of Eurasian otters (Lutra lutra) following the Sullom Voe, Shetland Islands spill 
in 1978, saw tracheitis, excess fluid in the lungs, blood and mucus in the intestines, 
gastric contents in the trachea, lung congestion, oedema and areas of lung collapse, 
gastric erosion and kidney damage; one otter that survived cleaning died later with 
an ulcerated stomach wall and a gut full of clotted blood. Duffy et al. (1993), look-
ing at river otters (Lontra Canadensis) affected by the Exxon Valdez spill, found 
haemolytic anaemia, causing ‘Horrendous suffering’ according to Kruuk (2006).

When any oiled otter, of any species, is initially recovered, there is no doubt that 
it is suffering greatly. Given the long-term effects of exposure, the prognosis for the 
individual animal must be carefully assessed: it may be better for that otter to be 
euthanised rather than put through the stress of cleaning and released back to the wild 
as a compromised individual. Against this, two other factors need to be considered.

First, in an endangered species with a small global population, every individual ani-
mal is precious, and a life in captivity, if contributing to the gene pool ark, may be pre-
ferred as a solution, since ongoing veterinary care will be available. With a more abundant 
species, the global impact of the loss of a single individual will be less profound.

Second, public opinion must be considered—it is very powerful! Not only do 
most conservation, rescue and rehabilitation organisations rely on donations from 
the public for their very existence, but public opinion can sway the policies of gov-
ernments and spur the organisations responsible for spills into improving spill pre-
vention, acting swiftly in the event of an accident and developing more effective 
containment and environmental cleaning methods. The public also provide the very 
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large number of volunteers without whom, in most countries, there would be no 
rescue effort at all. The public’s emotional need for a ‘happy ending’ is illustrated 
by the enduring popularity of ‘Olive the Oiled Otter’, who survived oiling in 2009, 
returned successfully to the wild, successfully raised cubs, had a presence on social 
media (California Dept of Fish and Wildlife 2016) and whose death from a shark 
bite 6 years later on 22 March 2015 was reported globally with a high level of atten-
tion, being frequently described as ‘iconic’.

The effects of oil spills are evident decades after the event. The population of 
Alaskan sea otters is growing more slowly than expected (Peterson et  al. 2003). 
Many otter prey items, such as clams and mussels, bioaccumulate hydrocarbons. 
Oil is still present in intertidal regions buried in sediment and is excavated by sea 
otters as they forage for clams (Bodkin et al. 2012), ingesting oil in prey and coming 
into direct contact. Duffy et  al. (1993) noted that otters in oiled areas appeared 
smaller than those in pristine habitats.

29.1.2  �Bioaccumulation of Heavy Metals and Organic 
Compounds

The effects of bioaccumulation of heavy metals and persistent organic pollutants 
have been well researched in Eurasian otters, Lutra lutra, where they are believed to 
have been responsible for the huge population declines and local extirpations of the 
second half of the twentieth century; none of this, however, involves a marine 
dimension as these animals inhabit inland waterways. There has, however, been 
work on sea otter populations, particularly in California, as a result of the near 
extinction of this subspecies.

Contaminants such as persistent organic pollutants (POPs), which include poly-
cyclic aromatic hydrocarbons [PAHs], polyhalogenated biphenyls [PCBs and 
PBBs], brominated flame retardants, pharmaceuticals, heavy metals and plastics, all 
have the potential to affect the health and survival of sea otters directly and indi-
rectly (Jessup et al. 2010; Crain et al. 2009; Cole et al. 2011; Bodkin et al. 2012; 
Ballachey and Bodkin 2015). Little work has been done to determine the levels of 
toxic contaminants in sea otters, but levels of some contaminants measured in 
California sea otters were reported as sufficiently high to be of concern and have 
been associated with risk of infectious disease and death (Kannan et al. 2006a, b; 
2007; Nakata et al. 1998; Murata et al. 2008).

29.1.3  �Parasites, Infections and Diseases

Sea otters have been diagnosed with, and are susceptible to, a wide range of infec-
tious and noninfectious diseases. To date 14 bacterial and viral diseases within sea 
otter have been documented (Murray 2015). It is important to note that sea otter 
diseases don’t follow the traditional land-based model; rather transmission of 
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pathogens tends to be land to sea, a mechanism of transfer of infection that makes 
the study of sea otter diseases unique (Miller et al. 2010; Oates et al. 2012; Shapiro 
et al. 2012). Even though a number of diseases have been documented in sea otters, 
there is little evidence for unexpectedly significant negative consequences at a pop-
ulation level, except in the threatened California population where disease rates are 
found to be relatively high for a wildlife population (Miller et  al. 2010; Murray 
2015). Many factors affect the prevalence of disease within sea otter populations, 
and disease processes may be secondary to other population stressors such as food 
limitation, decreased habitat quality, increased levels of contaminants and limited 
genetic diversity, all of which may compound population losses from disease 
(Ballachey and Bodkin 2015).

The most frequently reported disease in sea otters is meningoencephalitis caused 
by Toxoplasma gondii (a protozoan parasite), in California and not seen in the 
Alaskan population. The transmission route was thought to be from domestic cats (a 
known host) via faeces flushed into the sanitary system and thus out to sea, where it 
may bioaccumulate in the filter-feeding molluscs that sea otters consume. This 
transmission hypothesis has been recently challenged by Lafferty (2015), who 
favours the theory that the transmission arises from land-based wildlife, and is con-
sidered to be a significant cause of mortality in this endangered population.

Other organisms found in sea otters include the marine Brucella bacteria and the 
fungus Coccidioides immitis. C. immitis infection causes the disease ‘valley fever’ in 
humans. For an individual otter, both of these infections cause significant disease 
experience; although some individuals may be rescued and rehabilitated, the major-
ity of compromised individuals will simply die at sea—and sick individuals may also 
be more susceptible to predator attack, e.g. by sharks (Kreuder et al. 2003, p 501). 
Some infections can be treated with veterinary care, if the otter survives capture, but 
there is currently no effective treatment for Toxoplasmosis (Stoskopf 2015).

Toxic algal blooms can also incapacitate and kill sea otters: the population of the 
diatom Pseudo-nitzschia occasionally increases rapidly, secreting domoic acid, a 
neurotoxin, causing seizures and even death in otters who eat contaminated shell-
fish. Many otters develop inflammation of the heart muscles and heart failure after 
being exposed to domoic acid (Van Dolah et al. 2003). Otters have also been killed 
by cyanobacteria in river outflow biomagnified in bivalves (Miller et al. 2010).

29.1.4  �Fishing Gear

Otters are opportunist predators and share prey preferences with humans engaging 
in fishing and aquaculture. As a result, it is inevitable that otters will explore the 
food opportunities presented by fishing equipment, and some individuals will be 
entangled or trapped and will drown. In population terms, this can cause sufficient 
loss of individuals to be enough to depress local populations, such as with Californian 
sea otters in the 1980s (Ballachey and Bodkin 2015).

By their nature, fish traps are designed to prevent the target species escaping 
once inside the trap, by using physical baffles, and backward-projecting obstacles. 
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Unfortunately, a curious otter can find itself unable to reverse out and, being an air-
breathing mammal, will drown within a few minutes (sea otters may be able to hold 
their breath a little longer than other otter species, but this is still less than 10 min—
much shorter than when compared to, for example, elephant seals (Mirounga sp.), 
which can dive for more than 2 h).

Various forms of amelioration have been put in place to reduce the impact of fish 
traps—either voluntarily or through legislation. In California in the 1980s, otters 
were found drowned in fish, crab and lobster traps (Hatfield et al. 2011); once this had 
been discovered, traps were restricted to waters deeper than sea otters dive—more 
than 60 m—and trap openings were modified to be made too small for otters to enter.

In Europe, otters have also been drowned in traps, particularly eel fykes (long, 
tapering cones of nets with baffles), which are typically set at depths of up to 5 m, well 
within foraging range (Jefferies et al. 1984), and in lobster creels, similarly shallowly 
placed (Vincent Wildlife Trust 1988). By law, in Europe, eel fykes must have otter 
guards or ‘stop grids’—a mesh across the trap with an opening too small for an otter 
to pass through, but allowing the target species to pass freely. In addition, research is 
currently being conducted by Aktion Fischotterschutz eV in Germany on fish trap 
‘escape hatches’—weakened areas of net that will retain the target species in normal 
circumstances, but which an otter can break open to escape (Hans-Heinrich Krüger, 
pers. comm.). This proved successful in tests with live otters habituated to experimen-
tal procedures (Hans-Heinrich Krüger, pers. comm.). Otters can also become entan-
gled in fish farm nets (Northridge 1988, describing this for Lutra lutra in the UK; Juan 
Valqui, pers. comm. describing this for Lontra feline in Peru). This often happens in 
shallower water, not observed by humans, and the otter may struggle to free itself for 
a very long time before succumbing to exhaustion or drowning. Various methods are 
employed to keep marine mammals away from nets, mainly because of the cost of 
replacing nets and/or escaped stock rather than from a welfare point of view, includ-
ing the use of acoustic alarms, with variable success (Quick et al. 2002).

In some parts of the world, dynamite fishing is employed in habitat utilised by 
otters, e.g. along the coast of Peru, and the endangered marine otter, Lontra felina, 
is highly likely to be stunned or killed if in the proximity (Juan Valqui, pers. comm.).

In countries where conservation is deemed important, there has been research 
into mortalities caused by fishing gear, and amelioration has become enshrined in 
legislation. Despite legislation existing, the regulations may be flouted, and otters 
are dying in illegal gear—several otters each year are reported drowned in illegal 
fykes in the UK alone (Poole et al. 2007). In the rest of the world, however, otters 
will be dying in fish traps unregarded and may also be deliberately killed where they 
are perceived as competitors for fish (e.g. Sasekumar et al. 2012).

29.1.5  �Marine-Borne Debris

Anthropogenic waste known as ‘trash’ or marine debris is increasing in the oceans 
and washing to shore, where any otter utilising the marine environment will come 
into contact with it. As yet, although unsightly, there is no evidence that it is posing 

29  Effects on Otters of Pollution, Fisheries Equipment and Water-Borne Debris



538

a major population-level conservation challenge for otters (‘… I’ve seen otters 
swimming in between plastic bags and their dens full of anthropogenic debris. 
Of course that should not be, and is very unpleasant to see, but I’m not really sure 
how to count that as a threat’: Juan Valqui re Endangered Marine Otters, Lontra 
felina, Peru), though Ballachey and Bodkin (2015) report marine debris to be a 
significant and growing problem for sea otters in California.

However, individual otters suffer through ingestion or entrapment, often present-
ing with serious injuries. An example of this was an otter rescued on Skye in 
Scotland with a cable tie cut deep into his neck, with laboured breathing and a swol-
len head, and another a week later, on the same island, with fishing twine around his 
body, cutting in and causing pain and danger of infection. Fortunately both these 
individuals were spotted by concerned fishermen, and the otters were rescued, 
treated and rehabilitated successfully (IOSF 1997a, b) (see Chap. 13 for experience 
in pinnipeds of marine debris).

29.1.6  �Emergent Threats: Microbeads

The development of new materials and their subsequent discharge into the oceans 
means that new threats are always emerging. Plastic microbeads, known as ‘virgin 
plastic pellets’ by the plastics supply industry, are used in soaps and shampoo prod-
ucts and have started appearing in otter spraint. The BBC’s “Winter-Watch” pro-
gram, in 2015, working at a relatively remote location on the River Dee in Scotland, 
found that 40% of the 39 otter spraints sampled contained microbeads (Klein-Aarts, 
2015). However, their effect on the animal is unknown, but they appear to ‘accumu-
late lipophilic compounds from the sea water and thereby transferring them up the 
food chain’ (Arno Gutleb, pers. comm.). In the USA, the Microbead-Free Waters 
Act of 2015 (H.R. 1321) works to phase out production and sale of plastic micro-
beads in rinse-off cosmetics beginning in 2017, and this Act was unanimously 
passed by both House of Representatives and Senate and signed into law in 2015 by 
President Barack Obama (Monterey Bay Aquarium 2015). Canada may shortly fol-
low suit (Pettipas et al. 2016). Other countries, however, continue to produce micro-
plastic beads (Cole et al. 2011), with unknown consequences.

29.2  �Social Changes in Otter Populations Resulting 
from Human Disturbances

Human disturbances take many forms, both direct and indirect. In areas with discreet 
human presence, otters may be diurnal and easy to observe at a distance such as in 
the Scottish Isles. If human density increases and the disturbances are loud, close and 
disruptive, otters tend to become nocturnal and often disappear altogether. Some spe-
cies are more tolerant of human presence than others. The giant otter is diurnal, lives 
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in groups and has become a favourite ecotourism target in Brazil and Peru, whereas 
the endangered hairy-nosed otter in Southeast Asia is rarely observed. In Singapore, 
a major city with canals and parks, several family groups of smooth-coated otter have 
become re-established and are popular with local residents.

If otters are molested, trapped or shot at, they become wary and avoid the area 
involved. In South America where otter trapping was intense up to the 1970s, otters 
disappeared from whole watersheds, and these were not repopulated for decades 
(Duplaix et al. 2015). However, if only a few otters were removed from a river, these 
were replaced in a few years as the otter population expanded again.

Sea otters are highly social mammals often forming relatively large groups of 
resting animals termed rafts (from 3 to over 1000 otters). In areas of high human 
density, people may try to approach these rafts of sea otters for pictures or a close 
encounter with wildlife. Wild sea otters tend to be wary of humans, and approaching 
boats may disturb sleeping animals, startling them and causing them to dive and 
swim away quickly and potentially harming individuals particularly pups. 
Ecotourism targeting sea otters in California in Monterey Bay had become a conser-
vation issue that needed to be dealt with to comply with MMPA regulations. To 
address this, a programme called ‘Be sea otter savvy’ was developed by the 
Monterey Bay Aquarium, US Fish and Wildlife, California Department of Fish and 
Wildlife and Friends of the Sea Otter to educate tourists about their wildlife viewing 
actions potentially disturbing the sea otters normal behaviours and activities (Sea 
Otter Savvy Program 2016). Activity in Canada and Alaska by wildlife viewing 
boats and cruises aren’t as numerous or as invasive as those in California, but speed-
ing boats have been known to kill otters by inadvertently striking them.

29.3  �Global Climate Change Effects on Otter Welfare

The impacts of climate change on biodiversity are being observed and docu-
mented in biomes around the world. The impact on freshwater and marine ecosys-
tems and their hydrologic regimes make otters particularly vulnerable to climate 
change. Already threatened by habitat loss, pollution, persecution and a dwin-
dling prey base in many countries, river otters and sea otters rank among the most 
vulnerable mammals to climate change. Extreme weather-related events such as 
droughts and flooding not only affect water quality but also seasonal events in the 
otter’s life cycle such as cub-rearing when dens are flooded and the litter is lost. 
For instance, giant otters (Pteronura brasiliensis) live in ecosystems that have 
well-marked wet and dry seasons (Duplaix 1980; Duplaix et al. 2015). The birth 
season takes place at the beginning of the dry season when water levels are low 
and stable. Recently in the Pantanal and in the Amazon, the annual seasonal wet-
dry cycle has become unpredictable with wet seasons of variable length. Reports 
of the otters skipping the breeding season altogether have become more frequent 
(Duplaix et al. 2015), which may seriously impact the long-term survival of this 
endangered species.
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Climate change may affect sea otter populations both negatively and positively. 
Ocean acidification is thought to have negative impacts on sea otter prey. The effect of 
decreasing ocean pH may lead to a dramatic decrease in the shellfish populations upon 
which sea otters depend for food. As nearshore systems become more acidic, one antic-
ipated response is that many shellfish such as clams, oysters, mussels and snails will 
have greater difficulties forming and maintaining their shells, resulting in increased 
mortality. However, sea otters tend to feed on a wide variety of prey and may be able 
to find and consume soft prey and fishes in addition to the limited shellfish available, 
which may allow them to survive in an increasingly acidic ocean (Ballachey and 
Bodkin 2015). On the other hand global warming may have a positive impact on avail-
able habitat for sea otter populations. Warming Pacific oceans may change the southern 
extent of winter pack ice in the Bering Sea. If this happens sea otters may be able to 
extend their range northward, into coastal areas of the Bering Sea, where there is abun-
dant shallow habitat with abundant benthic prey populations. Today the only variable 
keeping sea otters out of this area is the winter pack ice (Ballachey and Bodkin 2015).
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Chapter 30
Animal Welfare Issues Pertaining 
to the Trapping of Otters for Research, 
Conservation, and Fur

Thomas L. Serfass, Lesley Wright, Kelly Pearce, and Nicole Duplaix

30.1  �Introduction

Legal trapping of otters is conducted for research (e.g., to equip individual animals 
with radio transmitters) and applied conservation (e.g., to obtain individuals for 
reintroduction projects) and for utilitarian purposes (i.e., the fur industry for some 
species). Until relatively recently, standards defining the most appropriate traps in 
relation to animal welfare for wildlife caught for utilitarian purposes (wildlife spe-
cies killed for fur have become generically referred to as furbearers, a term that will 
be used hereafter) were poorly established. Trapping was usually subject to regula-
tions imposed by individual wildlife management jurisdictions [e.g., state and pro-
vincial wildlife agencies in the United States of America (USA) and Canada, 
respectively]. Canada, Russia, the European Union (EU), and USA are involved in 
collaborative, ongoing efforts to develop and implement standards for what ostensi-
bly constitutes “humane trapping.” The motivation for developing trapping stan-
dards seems largely a response by Canada, Russia, and the USA (the three top wild 
fur-producing countries; Animal Legal and Historical Center 2010) to overcome 
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legislation passed by the European Union in 1991 (Regulation 3254/91). This legis-
lation bans the import of wild fur from countries allowing the use of leghold traps 
[now often referred to as “foothold trap,” a semantical adjustment presumably 
adopted to depict trapping less harshly (i.e., more humanely) than “leghold trap.” 
Leghold traps are banned in at least 80 countries (Fox 2004)].

Two agreements ratified by the EU council in 1998 [the first with Canada and 
Russia—“Agreement on International Humane Trapping Standards” (AIHTS)] and the 
other as a separate agreement with the USA [incorporating comparable standards as 
AIHTS, but in the form of “Best Management Practices for Trapping” (BMPs); 
Association of Fish and Wildlife Agencies (AFWA) 2006] through an agreed “Minute,” 
which is nonbinding—i.e., apparently there are no penalties or enforcement to ensure 
standards are met) resulted in an exemption for Canada, Russia, and the USA. This 
enabled continued export of fur from wild-caught furbearers and use of leghold traps 
during an undefined evaluation period to assess humane issues pertaining to leghold 
and other traps (United States Department of Commerce 1997; Iossa et al. 2007; Proulx 
et al. 2012). These agreements brought about the first attempt to establish international 
standards [i.e., through the International Organization for Standardization (ISO)] to 
define what constitutes “humane” for traps within certain general trap-type categories 
(Harrop 2000; Princen 2004). Unanimity was not achieved on what constitutes key 
thresholds for traps regarding the extent of injuries caused by traps intended to restrain, 
but not kill, an animal and the time required for an animal to become unconscious when 
caught in traps designed for killing. However, a process was established to define per-
formance of a trap (safety for the trapper and efficiency in capturing target species), to 
assess trauma related to physical injuries caused to animals caught in traps designed for 
restraint, and killing efficiency for traps designed to kill. Stress-induced trauma endured 
by a trapped animal currently is not a part of ISO welfare standards for trapping (Iossa 
et al. 2007). Fundamental to these agreements is that mandatory testing be conducted 
to determine if traps conform to standards established under AIHTS and BMPs for a 
particular species (i.e., become certified as acceptable under the agreement). Through 
the agreements, traps failing to meet agreed standards are expected to be phased from 
use. However, traps not meeting standards are permitted to remain in use if there are no 
alternative traps certified for the target species. This presumes that trap research contin-
ues with the intent of identifying a trap or traps that meet certification requirements. 
Trap standards are at various stages of completion (depending on species) (e.g., Fur 
Institute of Canada 2015), but design of trap testing protocols and evaluation of trap 
performance appear in some cases to be largely at the discretion of authorities respon-
sible for managing furbearer trapping, with minimal external review. Specific details 
for outcomes of trap performance assessments are not readily available in the USA and 
have not been subjected to meaningful, external peer review. In contrast, Canada has 
published a variety of outcomes from trap testing and, along with Russia, has phased 
out the use of “traditional” leghold traps (Proulx 1999; AIHTS 2012).

The North American river otter (Lontra canadensis; hereafter river otter) serves 
particularly well for discussing traps and trapping systems in relation to animal welfare 
issues pertaining to otters in general for both research, and conservation and fur trap-
ping—particularly in reference to populations in the USA. The river otter has received 
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considerable conservation/research attention [predominantly in the USA where rein-
troduction projects involving live-trapping (i.e., the intention is for the trapped animal 
to be alive post-trapping event) and translocations of individuals from areas with viable 
populations have taken place in 22 states to restore extirpated populations]. The USA 
and Canada both kill substantial numbers of river otters each year for the fur trade, but 
Canadian populations did not suffer declines to the extent of those in the USA and have 
thus received less research/conservation attention based on live-trapping. The Eurasian 
otter (Lutra lutra) has received extensive research attention (see Kruuk 2006 for a 
review), but relatively few studies have been based on live-trapping (Fernandez-Moran 
et al. 2002; Ó Néill et al. 2007). Other species of otters generally have received little 
research attention or, as with the Eurasian otter, live-trapping has not been part of most 
studies. Paucity of live-trapping studies for otters outside of North America (NA) 
likely is related to greater concern for animal welfare regarding trapping and restric-
tions on the use of leghold traps. Hence, the following review of animal welfare issues 
pertaining to live-trapping for research and conservation focuses on the river otter in 
the USA, using examples from other species when applicable; those pertaining to fur 
trapping exclusively focus on the river otter in both the USA and Canada.

30.2  �Types of Traps and Animal Welfare Standards

Traps considered for AIHTS agreements are placed in two general categories: (1) 
restraining traps and (2) killing traps. Restraining traps are designed to restrict a 
captured animal’s movements and include leghold traps, modified leghold traps, 
powered and non-powered snares, and cage-type traps.

Among killing traps, rotating-jaw traps, which have spring-powered jaws that 
when triggered close forcibly across the body (the neck or chest is intended) of the 
trapped animal, have received considerable attention regarding animal welfare con-
siderations pertaining to trapping (Proulx 1999; Proulx et  al. 2012). However, 
restraining traps (leghold traps, and non-powered and powered snares) are also 
sometimes classified and used as killing traps, typically by setting the trap in a man-
ner that will drown the captured animal (AFWA 2006). Drowning sets are typically 
used to kill semiaquatic mammals, including the river otter.

30.3  �Restraining Traps

30.3.1  �Leghold Traps

This type of trap is manufactured in a variety of configurations and sizes (Proulx 
1999). The basic design of all leghold traps is the same, being comprised of two 
metal jaws that are held open at 180° by a triggering mechanism when set and clamp 
together (to grasp the trapped animal’s limb) at 90° in reference to the set position 
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when sprung. The jaws of the trap and triggering components (the pan and dog) are 
comparable for all types of leghold traps (Fig. 30.1). Leghold traps are now manu-
factured as two types: coil spring traps (two coil springs each cause a lever to move 
upward, closing the trap’s jaws) and longspring traps (depending on the style, either 
one or two longsprings  close the jaws of the trap). When referring to a leghold trap, 
the type of trap (i.e., coil spring or longspring) is preceded with a number—usually 
from one to four—with smaller numbers indicating traps with smaller jaw spreads 
(i.e., distance between the inner sides of the jaws when the trap is set) (e.g., a No. 2 
coil spring or No. 11 longspring). (Note: A No. 11 longspring trap and No. 1 long-
spring trap have the same jaw spread, with the No. 11 denoting the trap as having two 
longsprings and the No. 1 indicating the trap as having a single longspring, a conven-
tion applied to denote the use of one or two springs for all sizes of longspring traps.)

Lever

a

b

Jaw

Dog

Rubber
padding

~13 cm

Spring

Pan

Fig. 30.1  Examples of coil spring leghold traps: (a) unmodified and (b) modified with rubber 
padding on inner surface of jaws (“padded jaw” or “Soft Catch™”). The traps are displayed in the 
“set” or “open” position. Primary components of a leghold trap are depicted on the image of the 
unmodified leghold trap (see AFWA 2006 for a review of the function of the trap components)
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30.3.2  �Modified Leghold Traps

These traps are configured and function identically to the leghold trap (see Proulx 
1999), but the jaws are modified in a manner intended to increase efficiency (i.e., 
minimize the rate at which a captured animal pulls free of the trap) and minimize 
injury to the trapped appendage. Modifications to the jaws include the following: (1) 
laminated—an additional strip of metal is welded to the top and/or bottom of each 
jaw; (2) double jaws—each outer jaw (traditional jaw) is paired with a smaller, inner 
jaw; (3) offset jaws—the striking surface of the jaws is not in contact when closed 
[i.e., there is a space (offset) of 3–6 mm between the jaws of a closed trap]; and (4) 
padded jaws—rubber padding is inserted between the jaws (Fig. 30.1b).

30.3.3  �Cage Traps

Traps constructed of wire-mesh framing with one or two doors. These traps are 
available in various dimensions, with the dimensions of a trap used dependent on 
the species intended to be trapped. Animals are captured in this trap by entering 
through doors and then stepping on a trigger, which causes the door(s) to close. 
These traps are analogous in design to box traps.

30.3.4  �Snares

Snares are lengths of stranded steel cable configured into a loop that captures an 
animal by tightening over its neck, body, or limb. Tightening of the loop around the 
animal is accomplished either passively (i.e., non-powered snare—the loop is tight-
ened by the movement of the animal) or actively (i.e., powered snare—tightening of 
the loop is initiated by a spring-powered device activated by contact with the ani-
mal). Snares used with the intent of restraining an animal by the neck should have 
“stops” designed to prevent excessive tightening of the cable to reduce the chance 
of asphyxiating captured individuals.

30.3.5  �Suitcase-Type Traps

These are large traps originally designed for American beavers (Castor canadensis). 
The Hancock Live Trap (Fig. 30.2) and the Bailey Beaver Live Trap are specific 
types of traps within this category that have been evaluated for use in capturing river 
otters. Both traps have large movable metal frames covered in chain-link material 
that close around an animal [i.e., an animal is captured within, not between, the trap 
jaws—the Hancock trap has a single movable (closing) jaw, whereas both jaws of 
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~90 cm
(width)

Angle
iron

Wiring

Wiring

Movable
frame

(closing)

Spring

120 cm
(length)

2.5 × 2.5 cm
fencing

LatchLatch

Fixed
frame

Spring

Pan

a

b

Fig. 30.2  A Hancock trap as modified by Serfass (1984) to lay flat in the “set” or “open” position 
(a) and the trap in the closed position (b). The trap is held flat in the open position by affixing a 
length of angle iron along the back of the trap [note: The movable frame (closing side) of an 
unmodified Hancock trap is at an angle of about 130° to the fixed frame (non-closing side) when 
the trap is in the set position]. To minimize chances of river otters escaping, Melquist and Hornocker 
(1979) recommended (1) adding springs on the inner side of “latches,” which are intended to pre-
vent a captured animal from forcing open the movable side of the opening (the springs better 
ensure that latches remain over the frame of the movable sides of a closed trap) and (2) using wire 
to close gaps along the margins of the trap frame. A further modification to prevent escape or injury 
of a captured river otter involves covering the 5 × 10-cm wire grid on the fixed side of the trap 
frame with vinyl coated 2.5 × 2.5-cm welded wire fencing (Serfass 1984)
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the Bailey trap are movable and close simultaneously]. The Bailey trap has been 
shown to be ineffective in capturing river otters (Northcott and Slade 1976).

30.4  �Killing Traps

30.4.1  �Rotating-Jaw Traps

Also commonly referred to as bodygrip, bodygripping, or Conibear™-type traps, 
these traps have two rotating jaws powered by one or two springs (Fig. 30.3). As 
with leghold traps, numbering associated with these traps is a reference to the size 
(inner distance between jaws) of the trap, with a smaller number indicating less 
distance between the jaws (e.g., 110 Conibear, 220 Conibear, and 330 Conibear 
represent traps of progressively increasing distance between the jaws). Animals 
entering an open trap are intended to be killed when the jaws forcefully close and 
crush a vital region of the body—for the most humane death as possible, the pre-
ferred areas intended to be struck by the jaws are the neck or upper chest.

30.4.2  �Killing Snares

Killing snares are configured in the same manner as snares used for restraint, and 
the loop likewise becomes tightened around an animal either passively or actively. 
However, snares designed to kill are intended to capture an animal around the neck 

~29 
cm

Spring

Spring

Trigger

Jaws

Fig. 30.3  A 330 rotating-jaw trap (also called bodygrip, bodygripping, or Conibear™-type traps) 
in the closed (not set) position. This type of trap is intended to quickly kill a captured animal and 
is frequently used by trappers to capture river otters for fur (Responsive Management 2015a)
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and do not have stops to restrict tightening of the loop. Thus, the loop continues to 
tighten as the animal struggles until it is asphyxiated. Powered killing snares also 
kill by asphyxiation, but the snare tightens more quickly, ideally causing a quicker 
death. (Note: Stops can be used to limit closure of the loop to a circumference that 
minimizes capture or harm to smaller, nontarget species.)

30.4.3  �Drowning (or Submersion) Traps/Sets

Leghold traps and snares can be set in a manner to drown animals captured in or 
near the water (AFWA 2006). Traps are either set underwater (at a depth that pre-
vents the captured animal from reaching the surface) or along the shoreline (attached 
to a cable that leads the trapped animal into water deep enough to keep it from 
reaching the surface).

Note: Proulx (1999) and Iossa et al. (2007) provide extensive and detailed reviews 
of animal welfare for restraining and killing traps used to capture mammals. In BMPs 
for trapping in the USA (AFWA 2006), the AFWA explains trap components and 
trapping setting techniques for capturing furbearing animals. The information in these 
documents provides an important basis for developing insight necessary to inform 
discussion pertaining to animal welfare issues related to trapping wild mammals.

30.5  �Animal Welfare and Trapping

Establishment of animal welfare standards for trapping has developed through the 
use of standardized scores for injuries sustained by individuals captured in restrain-
ing traps. These scores are based on the ISO trauma scale (ISO 10990-4 1999), 
which is categorized into four levels for each injury sustained:

Mild trauma (scores range from 2 to 10 points—injuries such as claw loss and 
abrasions)

Moderate trauma (scores range from 25 to 30 points—injuries such as loss of 
single digit and eye laceration)

Moderately severe trauma (a score of 50 points—injuries such as loss of two 
digits and a simple fracture below the carpus or tarsus)

Severe trauma (a score of 100 points—an injury such as loss of three or more 
digits to resulting in death)

A composite score of individual’s injuries is used to assess if a trap meets appro-
priate welfare standards (see Iossa et al. 2007, for an extensive review of animal 
welfare standards based on scoring of trap-caused injuries following the ISO trauma 
scale). To achieve AIHTS, killing traps are expected to cause death in ≤5 min for 
70% of trapped individuals for the species being evaluated. However,  Proulx et al. 
(2012) and Proulx and Rodtka (2015) argue that ≤3 min should be applied as the 
minimum standard for time until death (irreversible unconsciousness). Time until 
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death of animals caught in drowning sets is dependent on the onset of hypoxia, 
which typically will be a prolonged period (i.e., potentially much longer than the 
≤5 min standard established for death of animals captured in killing traps) for the 
semiaquatic mammals typically targeted by trappers using this method of trapping 
(Gilbert and Gofton 1982; Iossa et al. 2007).

Animal welfare issues associated with fur trapping—especially the use of leg-
hold traps—have been the primary motivation for the development of trapping stan-
dards. Nonetheless, projects that involve the live-trapping of wild animals for 
research and conservation purposes often involve the same types of traps used by fur 
trappers and likewise deserve scrutiny to understand, and mitigate, the effects on the 
animals during capture and handling. Outcomes of research and conservation proj-
ects likely will be enhanced when traps and trapping procedures are efficient and 
cause minimal injury to captured individuals (e.g., less time and expense associated 
with capturing an appropriate number of animals to fulfill project objectives and in 
rehabilitating injured animals). Hence, in addition to what should be direct concern 
based on animal welfare, project investigators are also motivated by practical issues 
related to ensuring the well-being of live-trapped animals in relation to intended 
research or conservation outcomes. In contrast, the intent of fur trappers is to kill 
trapped animals for the pelt or other products derived from the carcass—i.e., 
although there may be a humanitarian concern to reduce suffering to the trapped 
animal, there is no practical motivation for a fur trapper to be concerned about inju-
ries incurred to an animal during trapping unless the injuries somehow impact the 
value of the fur or other products. In fact, in the absence of regulation, practical 
issues would dictate that fur trappers adopt the most efficient trapping methods—
those yielding the highest capture rates at the least expense—in lieu of animal wel-
fare concerns. This dichotomy in practical issues between live-trapping for research/
conservation and trapping for fur serves to emphasize an important reason, in addi-
tion to the fact that live-trapping for research/conservation purposes is conducted 
much less frequently than trapping for fur, that establishing animal welfare stan-
dards for trapping has been focused on fur trapping.

30.6  �Live-Trapping Otters for Research and Conservation

Although killing traps may be used to lethally collect specimens for research pur-
poses, the focus of this section is directed toward the use of restraining traps to 
livetrap otters (animal welfare issues related to using kill traps are discussed in the 
ensuing Sect. 30.9 “Trapping River Otters for Fur”). A variety of restraining traps 
and associated trap-setting procedures have been assessed for use in live-trapping 
river otters, and sometimes these methods have subsequently been applied and 
refined to livetrap other otter species [e.g., for reintroducing the Eurasian otter into 
Spain (Fernandez-Moran et al. 2002) and reintroducing the Eurasian otter into the 
Netherlands (Koelewijn et  al. 2009)]. Animal welfare concerns for live-trapping 
wild animals should necessarily apply not only to the traps used but to how traps are 
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set, how procedures are used to restrain animals for removal from traps, and the 
immediate post-trapping handling of animals (hereafter this collective is referred to 
as the “trapping system”). Various leghold traps and HancockTM traps have primar-
ily been used for trapping river otters for research/conservation purposes, with 
results of the applications and outcomes (e.g., trap-setting procedures, review of 
injuries, and capture rates) published in various formats. In contrast, there are no 
peer-reviewed assessments of injury rates for other traps that could potentially be 
considered for use in live-trapping river otters (e.g., cage traps and snares), although 
cage traps have been used in studies requiring the live-capture Cape clawless otters 
(Aonyx capensis) (Van der Zee 1982; Arden-Clarke 1986) and spotted-necked otters 
(Hydrictis maculicollis) (Perrin and Carranza 1999). The following review focuses 
on published cases of various traps used to live-trap river otters, with respect to 
injuries and the trapping systems employed, but also includes mention of trap types 
that may theoretically be used but which have not been frequently used or evaluated 
for use with river otters or other otter species. This discussion of traps may have 
similar merits and/or liabilities for otters species other than river otters.

30.6.1  �Leghold Traps

Serfass et al. (1996) compared injuries caused to teeth, feet, and legs of river otters 
captured using No. 1.5 coil spring traps with padded jaws (hereafter padded trap; 
Fig.  30.1b) with one factory spring replaced with a No. 2 spring (captured in 
Pennsylvania by authors and Maryland by personnel of the Maryland Department 
of Natural Resources; n = 38), No. 11 longspring traps (captured in Louisiana by a 
supplier licensed to capture and sell river otters; n = 17), and various unidentified 
types of leghold traps (captured in Michigan, New Hampshire, and New York by 
private trappers; n = 29) for a river otter reintroduction project. Trap-setting tech-
niques were similar for No. 1.5 coil spring traps with padded jaws and No. 11 traps 
{traps were set and anchored in the water [anchor (i.e., the trap attachment)]}. Traps 
were attached with a segment of chain typically 1.5  m in length, enabling river 
otters to swim while captured (see Serfass et al. 1996, for details and precautions 
associated with this trap-setting technique to avoid drowning captured animals). In 
contrast, trap-setting procedures followed by private trappers are poorly reported, 
but traps were presumed to be primarily set and attached on the shoreline (i.e., not 
in the water as Serfass et al. 1996). Few severe injuries to limbs occurred among 
river otters captured in padded traps [1 (4%) had an injury requiring an amputation 
(a single digit) in comparison to amputations in 12 (71%; ≥1 digit) and 9 (37.5%; 
≥1digit (n = 7), a foot, and a leg) river otters caught in No. 11 traps and by private 
trappers using unspecified traps/trap-setting techniques, respectively]. River otters 
caught in padded traps and No. 11 traps sustained fewer, and less severe, dental 
injuries than those obtained from private trappers. Regardless of trap type, injuries 
(to appendages and the teeth) sustained by juvenile river otters were much less than 
for adults (Serfass et al. 1996).
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A study in coastal Alaska used No. 11 double-jaw longspring traps set on land 
(anchored with trap chains ≤70 cm in length) to live-capture 30 river otters (Blundell 
et al. 1999). This project used a trauma scale developed by Olsen et al. (1996) and 
Jotham and Phillips (1994) to score injuries to the teeth and appendages [scores for 
an individual could range from 0 (no injuries) to 100 (death)] but did not provide 
details of specific injuries contributing to scoring or the number of individuals 
acquiring injuries to the teeth and/or appendages. Traps were monitored a minimum 
of two to three times daily—a transmitter was attached to traps, and this was acti-
vated when traps were sprung. The scoring system  and number of daily trap checks 
present a challenge for meaningful comparison with Serfass et al. (1996), who used 
different metrics to quantify injuries, and traps were checked once daily. More fre-
quent trap checks may reduce frequency and extent of injuries by minimizing time 
an animal is restrained by a trap. Five (17%) of the river otters captured in No. 11 
double-jaw traps by Blundell et al. (1999) attained serious injuries to appendages, 
whereas only one (3%) of those caught in padded traps by Serfass et  al. (1996) 
would have been scored as having a serious injury. Injuries to the teeth considered 
serious were low in Blundell et al. (1999) and also likely to be low for Serfass et al. 
(1996), but actual comparison is not possible because of the different scoring sys-
tems followed by the respective projects. Melquist and Hornocker (1979) captured 
nine river otters in leghold traps [five captures in No. 2 coil spring traps and four 
captures in No. 3 jump traps (no longer manufactured to our knowledge)]. Injuries 
to river otters caught in No. 2 coil spring traps were described as minor (no details 
provided), but escape rates were reportedly high. Two of the river otters (both juve-
niles) caught in No. 3 jump traps sustained broken hind limbs (the bones broken 
were not reported).

30.6.2  �Hancock Trap

The Hancock trap was originally designed for live-trapping American beavers. 
Northcott and Slade (1976) and Melquist and Hornocker (1979) described impor-
tant modifications necessary for the trap to be suitable for river otters (i.e., to pre-
vent escape). Two further modifications were made by Serfass (1984): the first 
enabled the trap to lay flat for concealment when set in shallow water (as manufac-
tured the movable side of the trap is at an angle to the fixed side), and the second 
involved covering the fixed side of the trap (comprised wires spanning opposing 
sides of the trap frame to form a rigid 5 × 10-cm grid) with vinyl coated 2.5 × 2.5-
cm welded wire fencing (Fig. 30.2a, b). When constrained, river otters often vigor-
ously attempt to escape by scratching or biting to breach any perceived weak areas 
in a cage, cage-type trap, or other confinement, potentially causing injury to fore-
paws and teeth. The spacing of wires on the fixed side of the trap created a grid 
comprised of openings likely large enough to become the focus of escape efforts by 
river otters (the head of most river otters will fit through a 5 × 10-cm opening), 
which was overcome by the second modification. Also, when set flat in shallow 
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water [made possible by the first modification suggested by Serfass (1984)], the 
fixed side of the trap is not exposed to a captured animal, and although exposed, the 
chain-link on the (closing) movable side of the trap compresses and is thus less 
likely to cause teeth damage if bitten (Fig. 30.2b). The chain-link of the movable 
side of a Hancock trap [the top of the trap when closed as configured by Serfass 
(1984)] can expand upward to about 30 cm from the bottom of the trap. Care must 
be taken to monitor changes in water levels to ensure that the top of the trap remains 
above the surface (i.e., to avoid drowning a trapped animal).

Melquist and Hornocker (1979) tested a variety of traps and considered a prop-
erly modified Hancock trap the most favorable for use with river otters—there was 
no mention of occurrence of injuries (or lack thereof) among 21 captures, which 
included 2 adult-sized river otters captured simultaneously. In Blundell et  al.’s 
(1999) comparison of Hancock traps and No. 11 double-jaw leghold traps for cap-
turing river otters (n = 11 for Hancock traps, and n = 30 for leghold traps), serious 
injuries to the teeth occurred much more frequently in Hancock traps, but serious 
injuries to appendages were higher for leghold trap (no injuries to appendages 
occurred in river otters caught in Hancock traps versus about 17% in those caught 
in leghold traps). In contrast, Serfass (1984) indicated no injuries to six river otters 
captured in Hancock traps modified as described by Melquist and Hornocker (1979) 
and Serfass (1984). Dental injuries reported by Blundell et  al. (1999) may have 
occurred because modifications were not made to the fixed side of the Hancock trap.

In comparison to leghold traps, Hancock traps have received limited use and eval-
uation for live-trapping river otters, possibly fostered by the somewhat negative 
evaluation by Blundell et al. (1999). The much larger size, higher cost, and limited 
availability of the Hancock trap (in comparison to leghold traps) also present various 
practical limitations to its use. Another practical concern relates to the potential for 
larger animals (including people and pets) to accidentally trigger and be injured by 
being caught between the frames of the hard-closing trap. Likewise, there is potential 
for otters to be caught between the frames of this trap, especially if >1 otter visits the 
trap site. Regardless, the virtues of the Hancock trap for live-capturing river otters 
[e.g., no injuries when modified as reported by Serfass (1984) and good capture 
efficiency reported by Melquist and Hornocker (1979) and Blundell et al. (1999)] 
merit its further evaluation, particularly as an alternative for live-trapping river otters 
or other otter species in areas where use of leghold traps is limited or prohibited.

30.6.3  �Other Traps

Various types of leghold traps and the Hancock trap are the only traps used with any 
regularity for live-capturing river otters. Other traps that have potential for use with 
river otters have either had limited or no evaluation. In addition to leghold and 
Hancock traps, Melquist and Hornocker (1979) also conducted brief evaluations of a 
powered foot snare and several cage-type traps (one from a trap manufacturer and 
three constructed specifically for the project: culvert, barrel, and floating traps) but 
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reported little meaningful information on capture or injury rates. Cape clawless otters  
and spotted-necked otters  have been successfully captured in what were described as 
“standard carnivore traps” (800 × 800 × 1400 mm cage traps with a single door) [Van 
der Zee (1982) and Arden-Clarke (1986)—capture of Cape class otters; Perrin and 
Carranza (1999)—capture of spotted-necked otters]. No information was provided 
on injuries or lack thereof to the captured animals. To our knowledge, body/neck 
snares have not been evaluated with live-capturing river otters. Severe injuries caused 
to wolves (Canis lupus) and coyotes (Canis latrans) caught in neck/body snares sug-
gest that extreme caution should be used in developing protocols for evaluating the 
suitability of snares or any other untested traps to livetrap otters. Concerns for snar-
ing these species have been raised by Proulx and Rodtka (2015) and Proulx et al. 
(2015), and general concerns for animals captured in snares were raised by Rochlitz 
(2010). Cage-type traps have been successfully used to capture a variety of carnivore 
species with minimal or no injury and deserve further research attention to determine 
if otters can be captured efficiently and relatively unharmed using this type of trap.

30.7  �Restraint of Captured Otters for Release from Traps

Development and refinement of protocols for efficiently reducing stress and injury to 
captured animals being released from traps are sometimes overlooked as a compo-
nent of the trapping system. Restraining an animal for release from a trap is accom-
plished either by physical or chemical restraint (delivery of a drug, i.e., a chemical 
immobilant) to enable handling of an animal. Physical restraint is any approach that 
confines the movement of an animal—a trap represents a physical restraint, but the 
term is most often applied to devices used to further restrict the movement of an 
animal restrained in a trap. Physical restraint should facilitate either the direct release 
of a trapped animal or delivery of a chemical restraint to immobilize the animal for 
release from the trap and to enable subsequent evaluations (e.g., physical examina-
tion, ear tagging, or transport to a captive facility). Methods to physically restrain 
river otters while captured in live traps will be the focus of the ensuing discussion.

30.7.1  �Leghold Traps

Techniques for physically restraining river otters captured in leghold traps necessar-
ily vary by trap-setting technique. Shirley et  al. (1983) and Serfass et  al. (1996) 
describe the use of long-handled nets to restrain river otters captured in leghold traps 
attached to chains (typically 0.6–1.25 m in length, but potentially longer) anchored 
in the water. River otters had limited access to the shoreline but were able to swim 
within the radius of trap chains and the captured animals were netted while in the 
water. The use of nets for physical restraint necessitates evaluation as to whether the 
structure of netting will cause the trap restraining an animal to become entangled in 
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the net. Such entanglement may result in injury and additional stress to a captured 
animal. The likelihood of a trapped animal becoming entangled in a net will vary 
based on construction of nets (e.g., fibers used, the thickness of those fibers, and 
mesh size—an assessment is easily accomplished by placing leghold traps inside 
various netting to determine if entanglement occurs). Serfass et al. (1996) describes 
a process for bringing the netted animal to the shoreline and application of a second 
form of physical restraint (use of a hold-down device; Fig. 30.4), for quick, efficient, 
and safe (for the animal and investigator) delivery of a chemical immobilant.

The use of capture poles (e.g., Ketch-AllTM poles, San Luis Obispo, California 
93401, USA) is common for restraining animals captured in leghold traps but has 
limited application for river otters—the circumference of a river otter’s neck tends to 
be larger than that of the head (particularly in adults) and, unless excessively tight-
ened, the noose of the capture pole generally will slip off the head. In lieu of physical 
restraint, Blundell et al. (1999) successfully delivered darts with chemical restraint 
through a blow gun, and Fernandez-Moran et al. (2002) also used such an approach 
for delivering chemical immobilants to Eurasian otters  captured in No. 1.5 padded 
traps. Remote delivery of chemical immobilants reduces stress and potential injury 
that could be contributed by physical restraint, but consideration should be given for 
the possibility for an animal becoming free of the trap following delivery but before 

90 cm

70 cm
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(3.5-cm
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Fig. 30.4  Hold-down device used to physically restrain river otters captured in leghold traps. 
Trapped river otters initially are restrained in nets the netted river otter is further restrained with the 
hold-down device to better enable delivery of chemical restraint (see Serfass 1984; Serfass et al. 
1996). The hold-down device is constructed of polyvinyl chloride (PVC) pipe (wood and metal 
framing also have been used) surrounding vinyl coated chain-link fencing. Handles of hold-down 
device detach for transport
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being restrained by the chemical immobilant. Such scenarios were not reported by 
either Blundell et al. (1999) or Fernandez-Moran et al. (2002), but should be consid-
ered, and would be of particular concern for otters, which if escaping the trap would 
likely enter the water and potentially drown after the drug takes effect.

30.7.2  �Hancock Live Traps

Chemical immobilants can easily be delivered to animals captured in Hancock traps 
by injecting with a hand syringe (hand injection) through the chain-link mesh on the 
movable side of trap (Serfass 1984; Blundell et al. 1999). Movement of a trapped 
animal can be further restricted to better facilitate injection by compressing the chain-
link comprising the movable side of the trap (i.e., the investigator will stand on the 
chain-link on opposing sides to the animal in a manner that confines but does not exert 
excessive downforce). Serfass (1984) set Hancock traps exclusively in shallow water 
and recommends that traps be pulled from the water prior to delivering chemical 
restraint to the captured animal to prevent it from ingesting water during induction.

30.8  �Concluding Comments: Live Traps

Meaningful comparisons of outcomes of the relatively few reports of live-trapping 
river otters are a challenge. There seldom have been direct comparisons of traps where 
associated trapping systems have been controlled, including periods between trap 
checking. For example, the live-trapping study conducted by Blundell et al. (1999) 
occurred in an area (coastal Alaska) that enabled use of transmitters to remotely deter-
mine if traps were sprung, which facilitated monitoring each trap site at least two or 
three times a day. In contrast, Serfass et al. (1996) conducted their live-trapping study 
in northeastern Pennsylvania where trapping sites were widely distributed across the 
landscape, which logistically limited checking traps sites to once every 24 h. In such 
cases disparities in trap-check frequency may have influenced outcomes as much or 
more than the trap and trapping system applied. For example, longer times between 
the checking of traps could correlate positively with more injuries. Regional differ-
ence in environmental conditions and associated difference in trapping conditions 
could likewise compromise meaningful comparisons of traps and trapping systems.

Because of the large number of wild river otters captured for reintroduction proj-
ects in the USA (>4000; Bricker et al. 2016), there may be an impression that tech-
niques for live-trapping the species are well established. However, the majority of 
the animals used for reintroduction projects were captured in southern Louisiana 
through arrangements with an individual licensed to trap and sell river otters. Hence, 
there were no assessments of mortality rates, injuries that prevented sale of otters 
for reintroduction, or, with the exceptions of Serfass et al. (1996), assessments of 
injuries sustained by animals that were reintroduced. Hancock traps have been used 
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infrequently, even though a few assessments of this trap indicated its potential for 
use in live-trapping river otters. Clearly more rigorous studies are needed for assess-
ing both practical and animal welfare issues for traps and trapping systems most 
appropriate for use in live-trapping river otters.

Outcomes of live-trapping studies conducted in the USA and the few studies 
conducted elsewhere (e.g., Fernandez-Moran et al. 2002; Koelewijn et al. 2009) can 
serve as a basis for assessing best methods to livetrap other species of otters. 
However, researchers should understand that physical and behavioral differences of 
other otter species could affect responses to being trapped and be open to investigat-
ing potentially new and more innovative approaches for live-trapping otters. 
Researchers investigating other species of otters also should be certain that live-
trapping studies are designed in a manner that enables meaningful comparisons of 
the traps and trapping systems being evaluated.

The development of noninvasive techniques for otters [e.g., camera trapping 
(Stevens and Serfass 2008) and extraction of DNA from feces (Fike et al. 2004; 
Beheler et al. 2005) and hair (Depue and Ben-David 2010)] has limited the need for 
more invasive field techniques that may cause physical harm and stress to animals, 
such as live-trapping. Regardless, the use of radiotelemetry remains an important 
part of many studies of wild animals and provides insight about animal behaviors 
and movement patterns not always assessable by noninvasive techniques. Conducting 
radiotelemetry studies is inherently dependent on capturing and handling individual 
animals to attach transmitters, which argues for the continued use of live-trapping 
of wild animals (including otters) for some field investigations. In the case of otters, 
live-trapping is in need of further refinement (for species that previously have been 
livetrapped) and development through appropriately designed studies for species 
that have not been the focus of studies involving live-trapping.

30.9  �Trapping River Otters for Fur

Killing otters to obtain their pelts for the fur trade is an international venture under-
taken legally and illegally, depending on species and geopolitical jurisdiction. Illegal 
methods of killing otters will vary based on what is most expedient for perpetrators. 
Illegally killing of otters in some parts of the world is considered to be severely 
impacting populations of some species [e.g., populations of otter species inhabiting 
southeastern Asia are believed to be declining because of intense demand for their 
pelts in China (Foster-Turley and Santiapillai 1990; Gomez et al. 2016)]; but few 
details are available regarding the extent of the illegal trade or approaches used to 
kill otters. Regardless, individuals involved in the illegal killing of otters (or any 
wildlife) are not going to adhere to any prescribed standards of animal welfare.

Legal killing of otters presumes some standards are in place to limit depletion of 
populations [e.g., regulations for periods when killing can occur (closed seasons) and 
number of individuals that can be killed (quotas)] and to limit pain and suffering. Of 
the world’s 13 species of otters, all are listed as Convention on International Trade in 
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Endangered Species of Wild Fauna and Flora (CITES) Appendix I or II because of 
respective concerns of endangered or threatened conservation statues, except for the 
river otter, which is listed under Appendix II as a “look-alike species” (A designation 
for a species legally part of international trade that is of similar appearance to one 
or more species not legally traded. Hence, the designation serves as a precaution 
against inclusion of specimens or parts of a protected species from being illegally 
exported by being posed as those of a similar species that is legally traded.). However, 
trade of Appendix II (non-look-alike) species is permissible if conditions are met 
demonstrating that there will be no detriment to the survival of the species in the wild.

Among the world’s otter species, the river otter is the only species possessing a 
population status considered suitable for meeting conditions that will enable sus-
tainable killing of individuals for the pelt trade throughout large portions of its 
range. As an otter species legally trapped throughout much of its range for pelts that 
are frequently traded internationally, the river otter is thus of predominant concern 
regarding the humaneness of techniques and equipment used to capture and kill 
individuals. Prior to European settlement, the river otter occupied aquatic habitat 
throughout the Continental USA and Canada (Hall 1981). By the early to mid-
1900s, the species had experienced substantial population declines, or complete 
extirpations in some areas. These declines occurred throughout large portions of the 
river otter’s historic range in the USA but to a lesser extent in Canada. These losses 
resulted from the combined detrimental effects of overkilling by trappers, distur-
bances to riparian habitats (e.g., deforestation), and water pollution (Bricker et al. 
2016). The combination of more restrictive trapping regulations including prohibi-
tion of trapping river otters in some USA states, successful reintroduction projects 
in 22 states, and improvements in the conditions of riparian and aquatic habitats 
contributed to the recovery of river otter populations in many areas of NA (Bricker 
et al. 2016). Legal trapping of river otters has expanded as populations have recov-
ered. About 171,000 river otters in the USA and about 83,000 river otters in Canada 
were trapped for their pelts between 2006 and 2012. River otters are a primary target 
species for about 9% of trappers in the USA (Responsive Management 2015a).

Trappers use a variety of devices to capture river otters. Trapping devices are 
selected for various reasons, including practical (e.g., cost of traps and associated 
equipment), social (e.g., personal preference, influence of peers, and tradition), 
habitat conditions, regulations imposed by a particular jurisdiction within a country, 
and international agreements, including the AIHTS in Canada (Fur Institute of 
Canada 2015) and BMPs in the USA (AFWA 2014). Growing public concern over 
animal welfare issues have raised specific attention to the ethics and humaneness of 
trapping wildlife for fur, and this has come alongside a realization that minimizing 
injury to a trapped animal should also be a consideration when selecting a trapping 
device. AIHTS and BMPs  focus on physical injuries in assessing animal welfare 
issues regarding trapping. Iossa et al. (2007) make a compelling argument that stress 
and various other physiological indices should be used in such assessments. 
Rothschild et  al. (2008) and Taylor et  al. (2016) assessed stress (glucocorticoid) 
levels, and Kimber and Kollias (2005) evaluated biochemistry values of blood in 
river otters following their live-capture and placement into captivity as part of rein-
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troduction projects. These studies demonstrated no long-term adverse stress 
responses and also concluded that blood values were not a good indicator of the 
level of physical injury. No such studies have been undertaken for river otters as part 
of the AIHTS and BMP trap certification processes in relation to fur trapping.

30.9.1  �Restraining Traps

Leghold traps, which are the most common type of restraining trap used by trappers 
to capture river otters, have received extensive review through the process of develop-
ing BMPs and are thus the focus of this discussion on restraining traps. An adequate 
critique of leghold traps in relation to animal welfare issues requires including an 
assessment of various trapping systems that may be employed. For example, methods 
used to attach [anchor] traps at trap sites should be included in critiques. Other often 
overlooked factors for such critiques include trapper willingness to implement rec-
ommendations (especially when formal regulations are not in place to mandate use 
of a particular trap and trapping system, as with BMPs), variation in regulations for 
legal trap types and trapping systems imposed by wildlife management authorities 
(for the USA,  wildlife management for most species, including river otters, is at the 
state-wildlife-agency level), the capabilities and effort put forth by the various man-
agement authorities to enforce regulations, and variation in response to being 
restrained in a trap among species and by individuals of a species. 

Coil spring traps (unmodified only) with jaw spreads ≥5 in. (13 cm) and long-
spring traps (either unmodified or modified to have double jaws) with jaw spreads 
of ≥3 7/8 × 3 7/16 in. (10 × 9 cm) meet BMP criteria for river otter (AFWA 2014). 
However, AFWA (2014) also states “Many currently-used trap models meet speci-
fications.” Details about testing of approved traps are not provided or description of 
the criteria used to establish the suitability of “many currently used trap models.” 
Likewise, no reasons are provided for not specifically listing certain types of traps 
as acceptable (e.g., modified coil spring traps). These omissions may be related to a 
trap not yet having been tested, the trap having been tested and failed humane 
requirements, or having been tested and failed other BMP criteria (e.g., efficiency—
a trap is not judged to be efficient if <60% of individuals for the target species 
remain captured after activating the trap).

30.9.1.1  �Physical Injury

Other than published reports of river otters captured for research and conservation 
purposes (see Sect. 30.6), we were unable to find published descriptions of injuries 
sustained by river otters captured in leghold traps. Review of the published studies of 
river otters captured in leghold traps as part of conservation and/or research projects 
indicated considerable variation in injuries caused among various leghold traps (see 
Sect. 30.6.1). This contrasts with portrayals in BMP recommendations for leghold 
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traps as being suitable for river otters. In fact, virtually all of the styles and sizes of 
leghold traps considered efficient in trapping river otters prior to development of BMPs 
are now approved as meeting BMP criteria. BMP evaluations to determine a trap as 
suitable appear to be based on controlling other factors related to trapping (e.g., how a 
trap is set and the time required to check traps). Review of the published reports on 
live-trapping river otters suggests that such factors (in addition to the type of trap used) 
are likely to influence injuries to a trapped animal. Such variations appear to be dis-
counted in assessments for determining BMPs, where participating trappers are moni-
tored to ensure compliance with prescribed trapping procedures. There is no evidence, 
for example,  that the trapping procedures followed by trappers participating in BMP 
evaluations will become expectations (i.e., in the form of regulations) for fur trapping. 
Objective evaluation to determine if BMPs will be useful in enhancing welfare stan-
dards for animals caught in leghold traps is virtually impossible from published infor-
mation related to the development of BMPs for river otters or other furbearers.

30.9.2  �Killing Captured Animals

Methods for killing an animal captured by trappers using restraining traps are often 
overlooked in humane assessments of trapping. Generally, trappers are recom-
mended to shoot the trapped animals between the eyes with a .22 caliber gun 
(International Association of Fish and Wildlife Agencies [IAFWA]  2005). However, 
trapper’s magazines often recommend drowning, suffocation (standing or kneeling 
on the animal’s chest), or hitting on the head with clubs as a way to minimize dam-
age to the fur (i.e., avoid the blood that would get on the pelt if the animal is shot) 
(Fox and Papouchis 2004). The IAFWA (2005) also recommends these methods as 
humane forms of killing trapped animals.

30.9.3  �Killing Traps: Bodygrip Traps

The published BMPs for otters list any bodygrip trap within sizes designated as 220, 
280, and 330 as acceptable for use with river otters. Traps of this type are considered 
to meet humane standards if 70% of the animals are dead within 5 min after being 
captured (Iossa et al. 2007; Proulx et al. 2012; Proulx and Rodtka 2015). Such stan-
dards omit discussion of humane considerations for the 30% of animals potentially 
not dead after 5 min or the suffering that occurs to those that do meet the 5 min 
standard. Testing to assess these standards has in some cases taken place in captive 
settings where anesthetized animals are positioned between the jaws of a set trap 
and then the trap is sprung. Such an approach does not necessarily represent condi-
tions seen in natural settings, where the trap is less likely to close on the preferred 
part of the body (to expedite the time until death). We were unable to find published 
details of testing outcomes for assessments of bodygrip traps for river otters.
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30.9.4  �Drowning Traps/Sets

Trappers commonly use “drowning traps/sets” when capturing semiaquatic furbear-
ers, such as river otters. River otters reportedly have the capacity to remain under-
water for up to 8 min (Smithsonian n.d.), exceeding the acceptable time established 
for death using bodygrip traps to meet humane requirements. However, BMPs make 
no mention of any evaluations conducted to assess animal welfare standards for this 
type of trapping of river otters, but the BMP does state that performance standards 
are comparable to killing devices for other aquatic furbearers (AFWA 2014). In fact, 
this type of trapping system is recommended for river otters, with the only BMP 
standard being that the trapping system must not allow the animal to reach the sur-
face after being submerged.

30.9.5  �Killing Snares

Trappers legally use snares to capture river otters in some USA states and Canadian 
provinces. However, there are no published evaluations of the humaneness of captur-
ing river otters in snares nor are these devices considered in AIHTS or BMP evalua-
tions of trap performance criteria. Proulx et al. (2015) reviewed issues pertaining to 
the use of snares to kill canids [gray wolves (Canis lupus), coyotes (C. latrans), and 
red foxes (Vulpes vulpes)] in Canada, concluding that death to the animals was pro-
longed or some animals remained alive (i.e., did not meet humane standards for 
death applied to other killing traps), injuries were sometimes severe (e.g., deep lac-
erations where the snare tightened around the neck), and killing snares are nonselec-
tive—often capturing a variety of nontarget animals. From these outcomes, Proulx 
et al. (2015) recommended that use of killing snares be disallowed unless modifica-
tions can be achieved that improve the humaneness of this trapping system. In con-
trast, use of snares is being promoted in the USA (e.g., Vantassel et al. 2010). Given 
a well-developed musculature in the neck, river otters, like canids, are unlikely to be 
killed quickly or at all when caught in a snare. Snares, incorporated into drowning 
sets, would eventually cause death by asphyxiation. In the absence of contrary evi-
dence, the evaluation of killing snares by Proulx et al. (2015) for canids establishes 
an important basis for regarding this trapping system as likely to be inhumane (by 
any standards) for capturing river otters.

30.9.6  �Unintended Captures

River otters are sometimes caught accidentally by trappers intending to catch other 
semiaquatic furbearers or those that frequent riparian habitats. Responsive 
Management (2015a) conducted an extensive survey of trapping in the USA, which 
included assessment of species captured, types of traps used for a particular species, 
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and furbearing species captured unintentionally (i.e., not the primary target of the 
trapper). Unintentional capture of river otters was reported by 29.5% of trappers 
targeting American beavers. Large bodygrip traps, various leghold traps, and snares 
are used for beavers, with the No. 330 bodygrip trap predominating (about 78% of 
beaver trappers reported using that trap). Traps and trap sets used for beavers are in 
some ways comparable to what would be expected for use with river otters and, thus, 
represent similar issues pertaining to a humane death—time to death caused by clo-
sure and/or drowning in bodygrip traps, time until drowning in drowning sets, and 
potential injuries from snares. River otters also were reported to be unintentionally 
caught by trappers primarily pursuing American mink (Neovison vison), muskrat 
(Ondatra zibethicus), and raccoon (Procyon lotor), but less frequently than by bea-
ver trappers (<6% for each of these species). However, trappers trapping American 
mink and muskrat in leghold traps often may not anchor the trap sufficiently (either 
by using stakes or weight) to retain a trapped river otter at the capture site (i.e., the 
river otter escapes with the trap attached to its leg),  contributing to both humane  
concerns and potential for underrepresenting the extent of unintentional captures. 
Also, many trappers included in the Responsive Management (2015a) survey 
undoubtedly were not trapping in areas occupied by river otters. Expected rates of 
unintentional captures would thus be higher if not diluted by inclusion of trappers 
trapping in areas unoccupied by river otters. Realistic insight on expectations for the 
extent of unintentional captures is needed and could be gained by focusing only on 
the subset of trappers trapping in areas occupied by river otters.

30.10  �Concluding Thoughts: Trapping for Fur

Trapping river otters for pelts appears to be “maintainable” (i.e., local populations 
appear to be able to withstand the numeric impacts) at the landscape-level scale in 
NA—although local, trapping-induced extirpations likely occur in marginal habitats 
and reintroduction projects may have been unnecessary in some areas of the USA if 
trapping had not limited expansion of natural populations. We note, for example, 
that there has been rapid post-release expansion of reintroduced populations, which 
initially were legally protected from trapping [see Bricker et al. 2016) for a detailed 
review of trapping and reintroductions of river otters], whereas native populations 
remained stationary or expanded slowly where trapping was permitted. Regardless, 
debate over trapping river otters is largely based on opposing values pertaining to 
what is appropriate and “ethical use of wildlife” and specific animal welfare con-
cerns pertaining to the capture of animals in traps. However, those involved in sup-
porting trapping in NA comprise a large, integrated wildlife management system 
that includes governmental wildlife agencies (and associated wildlife profession-
als), nongovernmental organizations representing these agencies [e.g., AFWA 
(http://www.fishwildlife.org/)], some university wildlife researchers, manufacturers 
of hunting and trapping-related equipment, and supporting political entities—a set 
of interactions referred to by Gill (2004) as an “Iron Triangle,” whereby those not 
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within the “Iron Triangle” have a limited voice in wildlife policy decision-making. 
These relationships constitute a “conservation-industrial complex,” which collec-
tively offers considerable financial, political, and organizational resources to pro-
mote a value system based on sustainably killing wild animals.

The so-called North American Model of Wildlife Conservation [NAM; first 
articulated by Geist et al. (2001)] demonstrates the promotional capabilities of the 
wildlife management system in NA. The NAM is comprised of seven primary ele-
ments (Geist et al. 2001; Organ et al. 2012), each repeatedly depicted by various 
media in a manner that supports and justifies consumptive use of wildlife, managed 
by public, state-level conservation agencies, as the “cornerstone” of wildlife conser-
vation in NA. Two of the primary elements of NAM: wildlife products should not 
be commercialized (i.e., sold as part of a market-based system) and the Public Trust 
Doctrine (PTD) are particularly relevant to discussions of trapping and the manage-
ment of furbearing animals in the USA. Trapping for fur is a large, international, 
commercial enterprise of which trade in furbearers captured in the USA is a promi-
nent part, an obvious contradiction to the primary element of NAM opposing com-
mercialization of wildlife. The PTD is based on the concept that certain natural 
resources, including wildlife, cannot be owned by individuals but are instead to be 
conserved by the government in a manner that benefits current and future generations 
of citizens. An implicit assumption of the PTD is that the values and interests of all 
citizens be considered in approaches used to conserve and manage PTD-based natu-
ral resources (Treves et al. 2015). However, the values and interests of those engaged 
in hunting and trapping have been disproportionately favored in wildlife manage-
ment decision-making at the state-agency level.

Over about the last 15 years, NAM has been widely portrayed as both a historical 
account of how wildlife were conserved in NA in the past and a prescriptive model 
for how wildlife should be conserved in the future (Peterson and Nelson 2016). 
Without question progenitors of NAM clearly endorse recreational, regulated kill-
ing of wildlife (the focus is on hunting, but trapping also has been established within 
the framework) of certain species of wildlife (i.e., those defined as game species, 
which includes “furbearing” animals such as the river otter) as the fundamental 
aspect of wildlife conservation. The repetitiveness by which NAM has been por-
trayed in numerous and varied forums (e.g., Mahoney 2004; Prukop and Regan 
2005; Geist 2006; Mahoney et al. 2008; Organ et al. 2010, 2012) has aspects sug-
gesting a marketing effort to promote fundamental concepts of NAM to both con-
servation professionals and the general public, an approach seemingly designed to  
homogenize acceptance of consumptive use as fundamental to properly managing 
wildlife. Foundations for such marketing efforts are anchored in social-science sur-
veys conducted by private organizations that conduct public opinion surveys for 
state wildlife agencies about hunting and trapping and include investigations pro-
viding outcomes such as “How to Talk to the Public About Hunting: Research-
Based Communication Strategies” (Responsive Management 2015b).

As with the seemingly overarching purpose of NAM, furbearer trapping also has 
been promoted to gain acceptance among wildlife professionals and the public. 
Muth et al. (2006) provided evidence that the majority of conservation professionals 
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supported outlawing the use of the leghold trap and expressed concern that new 
recruits into the wildlife profession with “…non-traditional wildlife management 
backgrounds, such as women, ethnic minorities, non-hunters and non-trappers, and 
urban residents may possess a different value system regarding consumptive use of 
wildlife than their older counterparts.” One mechanism that evolved concurrently 
with NAM is “Conservation Leaders for Tomorrow”—a program designed to instill 
NAM’s principles by instructing both nonhunting/trapping university students 
(enrolled in wildlife-related degree programs) and natural resource professionals 
about the virtues of hunting and trapping in conservation (Conservation Leaders for 
Tomorrow 2015).

Likewise, seminars at various conferences sponsored by AFWA and The Wildlife 
Society (TWS)  promote the importance of fur trapping in modern wildlife manage-
ment to students interested in careers in wildlife conservation as well as practicing 
wildlife professionals [e.g., Trapping Matters Workshop 2016; AFWA Trapping 
Matters Workshop 2015) and an IAFWA-produced video (see IAFWA 2015)]. The 
AFWA provides “quick tips” for supporters of trapping on how best to communi-
cate the role and benefits of regulated trapping in wildlife management. These 
“quick tips” encourage discussions to promote trapping by focusing on the follow-
ing themes (AFWA 2015):

	1.	 Regulated trapping does not cause wildlife to become threatened or 
endangered.

	2.	 Trapping is managed through scientifically based regulations enforced by con-
servation officers.

	3.	 State wildlife agencies continue to refine approaches to trapping methods that 
include issues pertaining to animal welfare [e.g., Best Management Practices 
(BMPs)].

	4.	 Regulated trapping provides many benefits to the public (e.g., reducing wildlife 
damage to crops and minimizing threats to human health and safety).

	5.	 Trapped animals are used for clothing and food.

These themes are mimicked with more elaboration in various publications 
authored by individuals actively engaged in promoting support for trapping and 
BMPs—e.g., “Trapping and furbearer management in North American wildlife 
conservation” appearing in various editions as a standalone publication of the 
Northeast (USA) Furbearer Technical Committee (Organ et al. 2015) and under the 
same title but different text as part of a special issue of the International Journal of 
Environmental Studies featuring NAM (White et al. 2015). Recommendations of 
strategies to gain public acceptance of specific aspects of trapping occur unabash-
edly in scientific publications of TWS (e.g., use of snares: “In states where cable-
traps are currently prohibited, a drastic regulatory change would likely result in 
immediate protest from anti-trapping organizations. For example, focusing on regu-
latory liberalization of snaring in water where beavers are causing damage would 
likely be more successful than an immediate regulatory change that allowed all 
forms of cable-trapping.”; Vantassel et al. (2010)). These and other examples raise 
ethical questions about public employees (many of whom are involved in the articu-
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lation of NAM and BMPs) promoting personal values to the public being repre-
sented, the role of science versus personal values in formulating wildlife management 
policy, and, most importantly for this discussion, whether BMPs are focused on 
improving the welfare of trapped animals or as an opportunity to promote trapping, 
both in the USA and internationally.

Science is referred to as the basis for developing and implementing furbearer 
management policy in the USA. However, the process of developing BMPs and 
promoting the process of fur trapping also includes considerable emphasis on the 
economic and cultural values of trapping furbearers to some local communities 
(e.g., Organ et al. 2015; White et al. 2015); topics having practical and emotional 
relevance but little to do with science in addressing concerns about animal welfare. 
Traps recommended under the BMP for river otters include virtually all of those 
used prior to BMPs, and no traps are recommended as inappropriate for the species. 
Although the BMP for river otters has been recently updated and available on the 
AFWA web site, no specific details of trap testing outcomes are provided on the site 
or are readily available for critique. Review and interpretation of outcomes used to 
establish BMPs are thus seemingly conducted primarily by those involved with the 
BMP initiative, implying that the public should accept unquestioningly the process 
and outcomes (a “good faith” approach) associated with selecting traps that 
adequately meet humane expectations for the public’s furbearers. Organ et  al. 
(2014) seemingly support the PTD (as applied in NAM) as being in congruence 
with this “good faith” management scheme by citing the following statement from 
Scott (1999): “Additionally, if a trustee has special skills or expertise (e.g., wildlife 
professional), they have a duty to use these heightened capacities to enhance the 
conservation of resources under their management in the interests of trust benefi-
ciaries.” Such a statement seemingly implies that wildlife professionals employed 
by state wildlife agencies will act in an unbiased manner and objectively represent 
the interests of all stakeholders in decision-making related to trapping wildlife for 
fur, a process that is not in evidence when considering promotional efforts to gain 
public acceptance of fur trapping nor by the system of wildlife conservation cham-
pioned by proponents of NAM. Treves et al. (2015) effectively identify and review 
concerns pertinent to the application of public trust responsibilities by state wildlife 
agencies—specifically pertaining to the conservation of predators. Preeminent 
among these concerns is the narrow and preferential focus on consumptive use of 
wildlife embedded in the version of PTD portrayed by proponents of NAM 
(Batcheller et al. 2010). In contrast, Sax (1970) interpreted proper application of 
PTD as incorporating interests from a broad constituent base, advocating preserving 
public, environmental assets for future generations and defending society from 
undemocratic allocations of environmental assets (modified from Treves et  al. 
2015). Treves et al. (2015) define undemocratic allocation in part as those that “…
reflect tyranny of minority or majority,…,” a situation indicative of the wildlife 
conservation system advocated by NAM whereby consumptive users (who repre-
sent a fraction of the overall population in NA) have the predominate voice in 
decision-making pertaining to wildlife policy. Although humane issues have not 
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received specific attention in discussions of PTD, application of PTD in the narrow 
sense promoted by Batcheller et al. (2010) and Organ et al. (2012) may nonetheless 
diminish attention and action in addressing humane concerns pertaining to trapping 
(or other consumptive uses of wildlife), especially if such concerns collide with 
entrenched values systems and interests associated with the NA system of wildlife 
conservation.

The number of states allowing legal trapping of river otters has expanded in 
recent years (Bricker et al. 2016). Prior to initiation of trapping seasons, strikingly 
similar negative media portrayals of river otters occurred in several states (Serfass 
et al. 2014), characteristically beginning with praise for implementation of progres-
sive wildlife conservation policies by state wildlife agencies (i.e., implementing 
successful river otter reintroduction projects) and ending by proposing that a trap-
ping season may be necessary to alleviate conflict associated with rapidly growing 
numbers of river otters. Conflict was portrayed as river otters predating on fish in 
private ponds, and being harmful to gamefish populations, thus causing complaints 
by anglers (Serfass et al. 2014). However, the extent of these conflicts was seldom 
quantified by state wildlife agencies or exaggerated in states portrayed as having 
public resentment toward river otters (Bricker et al. 2016). These negative portray-
als appeared to have the intent of lessening public opposition for proposed plans to 
initiate river otter trapping seasons. State wildlife agencies appear to have allied 
with some media in the negative messaging. Fostering an acrimonious situation to 
achieve a wildlife management outcome (i.e., a trapping season on river otters) to 
benefit a particular constituency (i.e., trappers) would breach PTD obligations of 
state wildlife agencies to conserve wildlife in a manner that considers the interest of 
all citizens, not to manipulate public opinion through a marketing effort to achieve 
a management outcome. Further, labelling an animal as a pest or problem lessens 
public concern for its welfare (Rochlitz 2010). The marketing approaches seem-
ingly being followed to promote support for fur trapping in general and river otters 
specifically cast doubt on the objectivity of decision-makers involved in the devel-
opment of BMPs in placing animal welfare at a level equivalent to traditional wild-
life management practices in the USA.

Trapping wild animals for fur is a contentious issue in the USA and elsewhere 
and will not be accepted by most animal welfare groups, regardless of approaches 
used to enhance the humaneness of a trap or trapping system. Nonetheless, opposi-
tion to fur trapping (especially when using leghold traps) from animal welfare 
groups in Europe and NA provided the primary impetus for developing universally 
standardized approaches in defining animal welfare standards for trapping animals 
with restraining and killing traps (i.e., standards established by the ISO). 
Establishment of ISO criteria provides a basis for evaluating the humanness of 
restraining and killing traps used for both research and fur trapping. Although this 
appeared to be a positive step in recognizing the need to address welfare concerns 
for trapped animals, the process of trap testing to define traps meeting ISO stan-
dards and, more importantly, the actual humaneness of the traps and associated 
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trapping systems and the evaluative process are in need of further scrutiny, particu-
larly in the USA.
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Chapter 31
Otters in Captivity

Jan Reed-Smith and Shawn Larson

Abstract  In 2015 there were a minimum of 1621 otters of eight species (Asian 
small-clawed otter Aonyx cinereus, Sea otter Enhydra lutris, Spotted-necked otter 
Hydrictis maculicollis, N.A. river otter Lontra canadensis, Marine otter Lontra 
felina, Neotropical otter Lontra longicaudis, Eurasian otter Lutra lutra, Smooth-
coated otter Lutrogale perspicillata, and Giant otter Pteronura brasiliensis) held in 
major zoos and aquariums. Husbandry, or the care and management of otters in 
captivity, has improved gradually over the last two decades. Fifty years ago recom-
mendations were made that outlined the need for large, complex land areas and other 
features key to ensuring high levels of otter welfare, which many ex situ facilities, 
such as zoos, aquariums, and rehabilitation facilities, have now adopted. Increased 
welfare of captive otters is due partially from improved environmental conditions 
such as better habitat design, and partially from improved understanding of otter 
nutritional and health needs. This chapter discusses otter species kept in captivity 
and focuses on their care and well-being. This includes husbandry improvements 
over the last few decades, as well as some of the continuing concerns regarding otter 
welfare in zoos, aquariums, and rehabilitation situations. We address the benefit of 
multi-institutional research into welfare issues and the potential benefit of improving 
habitat designs allowing otters a greater choice and control over their environment.

31.1  �Introduction

In 2015 there were a minimum of 1621 otters of eight species (Asian small-clawed 
otter Aonyx cinereus, sea otter Enhydra lutris, spotted-necked otter Hydrictis macu-
licollis, North American (NA) river otter Lontra canadensis, marine otter Lontra 
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felina, neotropical otter Lontra longicaudis, Eurasian otter Lutra lutra, smooth-
coated otter Lutrogale perspicillata, and giant otter Pteronura brasiliensis) (ISIS 
2015) held in major zoos and aquariums. The number of animals actually held in 
captivity is in reality much higher as the International Species Information System 
(ISIS) database reflects only those animals reported by member institutions. For 
example, the Asian (Oriental) small-clawed otter, the most commonly held species 
in captivity, has 1567 animals listed in the 2015 international studbook (Duncan 
2016 Pers Comm).

The second most commonly held species is the North American river otter with 
305 individuals held, and the least common is the marine otter with one captive 
individual (ISIS 2015). There are currently at least 78 sea otters in captivity in the 
United States, Canada, Europe, and Japan (Casson 2015; Ishihara 2016, Pers 
Comm.). These numbers are likely to be underestimates as reported facility hold-
ings represent many of the largest zoos and aquariums and do not take into account 
otters held at nonmember institutions, small facilities, wildlife parks, or rehabilita-
tion facilities.

31.2  �Zoos and Aquariums

The creation of studbooks (genealogical registries of animal’s parentage and birth 
location) has benefited the ex situ management of otters greatly. These records have 
allowed zoos and aquariums to manage the gene pool to limit inbreeding and the 
tracking of breeding success, as well as other life history parameters such as longev-
ity. There are several examples of this successful management: In 2000 roughly 
39% of the NA river otters in the ISIS database were captive born, and by 2015 50% 
were captive born (n = 259) (Hamilton 2016, Pers Comm). The median life expec-
tancy for this species in captivity is 11.7 years, and the longevity record is 21.64 years 
(Hamilton 2016). In contrast the life span for this species in the wild is approxi-
mately 8–9 years. Robin (1987) reported that in 1985, 50% of Eurasian otters were 
captive born and in 2015 approximately 77% were captive born (Rey 2016, Pers 
Comm.) indicating a shift in the origin of captive animals with time; median life 
expectancy in captivity is 10 years and the longevity record is 19 years (Capber 
2007). In 2015, 96% of the Asian small-clawed otters were reported to be captive 
born, whereas the 1961–1970 studbook data reported only 26% as captive born; life 
expectancy in the wild is unknown, while the median life span for this species in the 
US captive population is 14 years for males and 11.2 years for females (Duncan 
2016, Pers Comm.).

Sea otters were first held in captivity in 1955 at the Woodland Park Zoo in Seattle, 
Washington (Brennan and Houck 1996). Because of their success in housing sea 
otters, these animals have become increasingly popular exhibit animals over the 
decades. The numbers of sea otters held in captivity grew steadily in the last half of 
the twentieth century in the United States, with one event dramatically increasing 
their numbers. In 1989, as a result of the Exxon Valdese Oil Spill in Prince William 
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Sound, Alaska, 37 of the hundreds of rescued northern sea otters were deemed non-
releasable and placed in facilities around the world (Gruber and Hogan 1990; 
VanBlaricom et al. 2015). Since then the number of captive sea otters has remained 
steady in the United States at approximately 40 animals with approximately equal 
numbers of northern (E.l. kenyoni) and southern sea otters (E.l. nereis). More 
recently, in the twenty-first century, there has been a shift with increasing numbers 
of wild southern and decreasing numbers of northern sea otters being placed into 
captivity due to an increase in the numbers of stranded and non-releasable southern 
sea otter pups (Johnson and Mayer 2015).

Sea otters in captivity exhibit a wide range of activities associated with a full life 
history, such as performing a range of daily behaviors, reaching expected longevity, 
and breeding successfully. This is thought to be due, in part, to the fact that the cap-
tive environments may mimic the small home ranges and tight family social groups 
found in wild sea otters (Larson and Bodkin 2015). Sea otters are highly social and 
should not be kept alone, ideally being kept in female-only groups or groups of 
females with one male. Some facilities keep male-only groups, and this mix often 
stimulates aggression, which must be managed by providing access to large pools 
with areas for individuals to escape from each other or other methods such as con-
traceptive drugs to reduce testosterone and aggression between mature males. The 
longevity record for this species is 27 years, while life span in the wild for males is 
10–15 years and for females is 15–20 years (Casson 2015). Sea otters have been 
successfully bred in captivity since the late 1970s, with the first captive sea otter 
pups raised from conception to adulthood (2 years of age) in 1979. Eleven pups 
have since been born and ten have survived to adulthood (Fig. 31.1). In recent years 
North American facilities housing sea otters, in conjunction with the US Fish and 
Wildlife Service, have agreed to a moratorium on breeding of captive sea otters to 
preserve space required for rescued non-releasable sea otters from threatened popu-
lations listed under the Endangered Species Act (ESA) (VanBlaricom et al. 2015).

Fig. 31.1  Sea otter 
(Enhydra lutris) and pup. 
Image credit: P. McMahon, 
Seattle Aquarium
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Husbandry, or the care and management of otters, has improved gradually over 
the last two decades. Early recommendations by Duplaix-Hall (1972, 1975) and 
Crandall (1964, 1974) first pointed out the need for large, complex land areas and 
other features key to ensuring high levels of otter welfare (Fig. 31.2). Later publica-
tions expanded and reemphasized these features (Reuther 1991; Reed-Smith 1994, 
2012; Melissen 2000). These publications, increased experience with various otter 
species, and a growing use of a wide variety of enrichment (Coe 2009) and training 
methods leading to voluntary participation by otters in routine health examinations 
(Morabito and Dunn 2007, 2008; Scherrens 2014) have led to overall improvement 
of otter care and welfare.

However, there are still some areas of concern regarding overall welfare of otters 
in ex-situ facilities, which include:

•	 Too many facilities are housing otters in small barren- or concrete-based enclo-
sures (Fig. 31.3) and/or inappropriately devoting too much space to water for the 
majority of otter species (the sea otter is the exception).

•	 Exposure to loud noises or inappropriate light cycles (Morgan and Tromborg 
2007) and to large crowds when otters have no access to places of refuge. 
Inadequate denning sites for pregnant females continue to be an issue for some 
species and in some situations. For a good overview of zoo animal welfare and 

Fig. 31.2  Eurasian otter (Lutra lutra) enclosure at Otter-Zentrum, Hankensbüttel, Germany; an 
example of natural exhibits. Image credit: J. Reed-Smith
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the possible ramifications of captive environments that should be considered 
consult (Morgan and Tromborg 2007).

•	 Latrine (areas where otters deposit feces and urine) management, scent, and 
access to variable substrates are important for otter welfare. Otters are scent 
oriented and latrines play an important signaling role (except for the sea otter 
which is entirely marine and does not scent mark), such that the daily cleaning 
and disinfection of these areas can disrupt this communication tool (Morgan and 
Tromborg 2007). The ability to role/rub on various surfaces is behaviorally 
important to the maintenance of a healthy coat. Otters also like to dig and root 
around, and the health of their feet can be compromised by continually damp or 
wet surfaces (except for the sea otter). It is important to consider whether otters 
that are kept primarily on concrete surfaces are able to perform many of these 
activities. If not, then this is probably not appropriate and alternative substrates 
should be provided.

•	 Appropriate exhibit size. Too often otters are viewed as small animals and thus 
kept in small spaces. Instead their comparatively large home ranges in the wild 
should be considered, and sufficient space must be provided.

•	 Too often otters are confined for long periods in small, unstimulating holding 
spaces. Many facilities have turned to innovative enrichment techniques to deal 
with this, but exploring options that allow otters access 24 h a day to both the 

Fig. 31.3  An otter enclosure which has only concrete as a surface. Image credit: J. Reed-Smith

31  Otters in Captivity



578

a

b

Fig. 31.4  (a and b) Pueblo Zoo offers L. canadensis “on (a) and off exhibit (b)” yards allowing 
for 24-h access, temporary separation, or mixing of group composition. Image credit: 
J. Reed-Smith
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holding and enclosure areas should be considered and further tested (Figs. 31.4a,b 
and 31.6a,b).

•	 There are reported perceptions by field biologists that Asian small-clawed otter 
cubs held in nonregulated situations (wildlife facilities and as pets) outside the 
United States sometimes look stunted, which has led to speculation that 
unregulated inbreeding, poor nutrition, and/or chronic stress may be occurring in 
these populations (Morgan and Tromborg 2007).

•	 The keeping of Asian small-clawed otters as pets should be discouraged. This is 
a practice of growing concern particularly in parts of Asia.

•	 Inadequate medical care at poorly regulated facilities.

Zoos and aquariums have improved the health care of otters consistently over 
the years. Partially this is due to improved environmental conditions from better 
exhibit design and partially to improved understanding of otter nutritional needs 
and health concerns. This is an area where veterinarians and nutritionists have 
been able to contribute greatly to the welfare of otters. Improvements in this area 
also have been aided by the trend to adapt operant conditioning (training) tech-
niques to solicit cooperation from otters in health-care procedures, eliminating the 
need to forcibly capture and restrain or anesthetize the animal. These training 
practices have proven to be effective, as well as potentially enriching for the otters, 
by stimulating their inquisitive natures (Morabito and Dunn 2007, 2008; Scherrens 
2014). As a result of reproductive physiology work conducted in zoos, data has 
been collected on verifying pregnancy and gestational length allowing facilities to 
better anticipate births and prepare for them (Larson et  al. 2003; Da Silva and 
Larson 2005; Bateman et  al. 2009). This research has also led to better under-
standing of other aspects of reproductive physiology and the use and impact of 
contraception (Larson et al. 2003, 2012; Bateman and Swanson 2007, 2013, 2014; 
Bateman et al. 2009, 2011).

The ability to engage in a wide range of behaviors is generally the first focus 
of captive animal welfare evaluation and often includes aspects of behavior and 
sociability. As mentioned above the tendency of many facilities to use too much 
concrete or other hard surfacing in exhibits continues to be a problem. This lim-
its the animals’ ability to engage in exploratory, foraging, digging, grooming, 
social, and play behavior. The lack of complexity in many exhibits inhibits these 
behaviors, and this may, or may not, lead to stereotypical behavioral patterns. 
Many institutions have enrichment programs in place to stimulate a wide range 
of behaviors and to address stereotypies that may, or may not, be due to stress. 
This is well intended, sometimes successful (Foster-Turley and Markowitz 1982; 
Nelson 2010), but too often becomes routine and of limited use (Morabito and 
Bashaw 2012). Further studies and documentation of the success of these pro-
grams are required. To date, the majority of enrichment studies have focused on 
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changes in how, or how often, otters are fed (Foster-Turley and Markowitz 1982; 
Ross 2002; Hawke et al. 2004; Hasenjager 2011). Results as to its efficacy are 
mixed due to limited sample size, species-specific applications, and differing 
methodologies. At least in one study, Morabito and Bashaw (2012) suggested 
that pairing an auditory cue with feedings could reduce anticipatory behaviors 
associated with meal times. Further study into ways to enrich otter feeding 
through altered methods/timing of food delivery and allowance of more choice 
and engagement from the otters is required (Foster-Turley and Markowitz 1982; 
Gothard 2007; Morabito and Bashaw 2012).

A new direction in habitat design is currently being promoted (Coe 2005, 2012, 
2014, 2016 Pers Comm; CLR Design 2016), which suggests a move toward allow-
ing animals greater choice and control over their environment through concepts 
such as “rotation exhibits” (Coe 2014), “raceway networks” (Coe 2014), and what 
Coe (2005) calls the “unzoo.” If these concepts are applied to otters in the future, 
particularly allowing them to move between exhibits of compatible species, overall 
welfare may improve via extension of their ability to choose where they want to be, 
an increase in their daily ranging abilities, an increase in their living-space complex-
ity, the provision of opportunities for group members to join and separate, and by 
stimulating bored otters through enhanced foraging (Gothard 2007) (Figs. 31.4a,b, 
31.5, and 31.6a,b). These housing options should be further explored. Other ongo-
ing issues regarding the expression of natural behaviors, which are being actively 
debated, include the housing of otters in inappropriate social groupings and the 
inability of individuals to escape stressful situations.

Fig. 31.5  Wild spotted-necked otter or speckle-throated otter (Hydrictis maculicollis) in vegetated 
habitat selected for resting by many otter species. Image credit: J. Reed-Smith
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31.3  �Rehabilitation Programs

The successful rehabilitation of otter cubs/pups requires an extended time period 
(typically 12 months or more), adequate facilities, limited exposure to humans, no 
exposure to dogs, the ability to pair singletons with other orphans, and access to a 
safe place where a “soft” release (with supplemental feeding for the initial release 
period) can be supported (Green 1991; Yoxon 2003, 2013; McTurk and Spelman 
2005; Haire 2009, 2011). This approach of soft release is often successful (Haire 
2009; Yoxon 2003, 2013; Thibodeaux 2016, Pers Comm.) but unfortunately is not 
utilized by the majority of rehabilitators. While it is known that cubs are sometimes 
released prematurely (too young) leading to problems, there is almost nothing 
reported about the fate of these animals. The process of rehabilitating injured sea 
otters is well documented and in general is thought to be successful, specifically 
when surrogate mothers (adult captive females otters) are used to raise the orphaned 
pups (VanBlaricom et al. 2015; Johnson and Mayer 2015).

31.4  �Conclusions: Assessing the Welfare of Otters 
in Captivity

The value of assessing animal welfare is widely accepted; however all too often 
inadequate steps are taken to assess welfare objectively. Measurement tools can 
assist staff in understanding whether their efforts to stimulate natural behaviors are 
successful. As an example Morabito and Bradshaw (2012) evaluated the influence 
of increasing the number of feedings for NA river otters, and they suggested that 

a b

Fig. 31.6  (a) Asian small-clawed otter (Aonyx cinereus) transferring between their exhibit and 
that of macaques via a tunnel at Rockhampton Zoo, Australia. Image credit: K. Hickey (b) Otters 
exiting a macaque enclosure at Rockhampton Zoo, Australia. Image credit: K. Hickey
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this approach may be more successful at reducing feeding-related stereotypies by 
pairing food delivery with a specific cue. This would eliminate the power of other 
cues such as keeper approach stimulating inappropriate anticipatory behavior.

More empirical research is required across institutions to assess current otter 
conditions. A practical first step to assessing otter welfare in zoos and aquariums 
could be to begin with “activity budgets” and “space usage.” There has been much 
written on the difficulty of defining welfare (Maple and Purdue 2013) as well as the 
difficulties in interpreting results via measures of physiological and behavioral 
changes (Mason and Mendl 1993). Dawkins (2004) argues for simplifying our 
questions when measuring animal welfare to two basic questions asked concur-
rently: (1) “Are the animals healthy?” and (2) “Do they have what they want?”. 
Addressing these questions in an objective, standardized, and multi-institutional 
manner would provide tools for facilities to move from acceptable or good otter 
welfare to great otter welfare. Creating factual, documented activity budgets for 
individual otters is a first step. A good second step would be to assess enclosure 
usage patterns for each animal by mapping where, and how long, each otter is 
spending its time. These two tools together would allow managers to evaluate 
enrichment programs, to understand the impact of exhibit design, and to make 
improvements based on the actions and reactions of their specific captive otters.
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Chapter 32
Pathology of Marine Mammals: What It Can 
Tell Us About Environment and Welfare

Antonio Fernández, Yara Bernaldo de Quirós, Simona Sacchini, 
and Eva Sierra

Abstract  The study of animal welfare continues to struggle with two persistent, 
interrelated problems: how to define animal welfare, and how to determine which 
measures should be used to evaluate it. One potential indicator of an animal’s welfare 
is the presence or absence of stress, or anything that seriously threatens homeostasis. 
The actual or perceived threat to an organism, the stressor, and the response will 
determine when stress becomes distress. Pathologically speaking, this occurs when 
tissue damage (lesions) and disease appears as a result of a severe (acute) or pro-
longed (chronic) stress response. Veterinary Pathology is a diagnostic tool, which 
looks for and identifies lesions involved in disease/s as well as determines cause/s of 
death. In this respect Veterinary Pathology could be a diagnostic tool of cetaceans’ 
(whales, dolphins and porpoises) welfare. In recent years, attention has been focused 
on how human activities may affect cetaceans, particularly through use of improving 
methods and techniques to identify and classify lesions, and to understand mecha-
nisms and causes, in order to associate stressors with distress. In this chapter we dis-
cuss three test cases (beaked whales mass stranding and antisubmarine mid-frequency 
active sonar, active stranding and capture myopathy, fingerprints in the brain of dol-
phins). We show what animal pathology can do to contribute to animal welfare assess-
ment in stranded cetaceans, ranging from death to improved population welfare.

32.1  �Introduction

Moberg and Mench (2000) stated that the study of animal welfare continues to 
struggle with two persistent, interrelated problems: how to define animal welfare 
and how to determine which measures should be used to evaluate welfare. One 
potential indicator of an animal’s welfare is the presence or absence of stress.
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The term stress represents the effects of anything that seriously threatens homeo-
stasis (Selye 1956). The actual or perceived threat to an organism is referred to as the 
stressor, and the response to the stressor is called the stress response. Therefore, we 
could differentiate between a nonthreatening stress response (often referred to as 
good stress) and a biological state where the stress response has a deleterious effect 
on the individual’s welfare (bad stress). Simply stated, our challenge is to determine 
when stress becomes distress (Moberg and Mench 2000) or, pathologically speak-
ing, when tissue damage (lesions) and disease appear as a result of a severe (acute) 
or prolonged (chronic) stress response (Selye 1956). During distress, this impair-
ment of function places the animal in a state that renders it vulnerable to a number of 
pathologies as an indicator of a threat to animal welfare (Moberg and Mench 2000).

The European College of Veterinary Pathologists (ECVP) defines veterinary 
pathology as a discipline-oriented specialization which uses the morphological rec-
ognition and functional interpretation of pathological conditions in animals, through 
analysis of the pathomorphological substrate, to attempt to define specific patho-
logical processes, including aetiology and pathogenesis. Basically, veterinary 
pathology is a diagnostic tool, which looks for and identifies lesions involved in 
disease(s) as well as determines cause(s) of death. If we consider cause(s) as stress-
ors and lesions as indicators of distress, why may we not consider also veterinary 
pathology as a diagnostic tool of animal welfare and, in our particular case, in ceta-
ceans (whales, dolphins and porpoises)?

In the Canary Islands waters, more than 30 different cetacean species have been 
identified. Of these, at least 26 have been found stranded on the coasts of the Canary 
Islands. There are historical references to cetacean stranding in the Canary Islands, 
but a more systematic study and scientific analysis has begun to take place only in 
the last two decades. A specific unit of veterinary pathology based at the Institute of 
Animal Health (University Las Palmas) has been carrying out studies and research 
on stranded cetaceans in the Canary Islands, as well as in different parts of world. 
Necropsies and ancillary multidisciplinary laboratory analyses are carried out on 
each animal, attempting to determine whether either natural or human-related activ-
ities have been involved in stranding or the cause of death. Even though the infor-
mation is obtained from individual animals, a large amount of data has been gained 
regarding species, pathologies and aetiologies, which has contributed to a better 
understanding of the health status of these species.

The veterinary and forensic pathological methods applied to each stranded cetacean 
are only a piece of a multidisciplinary comparative bio-eco-health discipline (including 
welfare). Cetaceans can be considered one of the best worldwide environmental health 
bioindicators of the oceans, and applying “holistic pathological analysis” can contrib-
ute scientifically to the conservation of these marine mammals. We are convinced that 
these cetacean studies may represent good examples of the concept “one health, one 
environment” which include human and animal welfare, as a parameter to be evaluated 
as human interactions with cetaceans may become a welfare conflict of interests.

The Canary Islands, as is true for many coastal areas in the world, are densely 
populated, and the anthropogenic impact on the marine environment includes the 
effects of maritime traffic, transport of cargo and people, the fishing industry and 
tourists observing cetaceans (whale watching). Marine life, including cetaceans, is 
affected by chemical pollution (Garcia-Alvarez et  al. 2014) caused by dumping 
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waste in the ocean (urban, industrial and agricultural) and acoustic pollution caused 
by maritime traffic, hydrocarbon prospecting and extraction and civil and military 
use of sonar (Fernández et al. 2005). In order to try to assess the impact of these 
potentially detrimental activities on cetaceans, systematic pathological studies have 
been carried out.

Briefly, between October 1999 and September 2005, these analyses allowed us 
to classify 128 out of 233 stranded cetaceans (54.9%) into either anthropogenic or 
non-anthropogenic pathological categories (Arbelo et al. 2013). The most important 
anthropogenic causes of death included interactions with fishing gear (including 
by-catch) (Fig. 32.1a), foreign body pathology (Fig. 32.1b,c), atypical strandings of 
beaked whales associated with military manoeuvres and sonar (Fernandez et  al. 

a
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b c

Fig. 32.1  (a, b) Striped dolphin (Stenella coeruleoalba) stranded on Tenerife (Canary Islands, 
Spain) in 2001. The first stomach was distended and filled with more than 50 plastic bags. (c) 
Oesophageal perforation by a hook in an Atlantic-spotted dolphin (Stenella frontalis) stranded on 
Gran Canaria (Canary Islands, Spain) in 2001. (d) A sperm whale (Physeter macrocephalus) died 
in the Canary Islands in 1996 after being struck by a high-speed ferry (Image credit: IUSA, 
ULPGC)
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2004, Fernández et  al. 2005) and collisions with vessels (particularly in sperm 
whales) (Fig.  32.1d) (Sierra et  al. 2014). On the other hand, natural (non-
anthropogenic) causes of death included loss of nutritional status (starvation) and a 
range of infectious and non-infectious diseases. The conclusions of this work indi-
cated that anthropogenic causes were linked to 33% of the 128 stranded cetaceans 
investigated.

In a follow-up study, between 2006 and 2012, using improved forensic field 
methodologies and laboratory technologies, it was possible to classify 236/320 
(73.75%) of the cetaceans studied into either the anthropogenic or the non-
anthropogenic pathological categories (Díaz-Delgado 2015). Direct human activity 
was responsible for approximately 18% of cetacean deaths in this study, while “nat-
ural” pathologies would account for approximately 82%. The decreasing of anthro-
pogenic causes was attributed partially to policy measures, which were taken to ban 
military acoustic activities in the Canary Islands.

In recent years, we have been focussing our attention on how human activities 
may affect cetaceans, particularly through the use of improving methods and tech-
niques to identify and classify lesions, and to understand mechanisms and causes, in 
order to associate stressors with distress. At the same time, we, as veterinary pathol-
ogists, are actually interested in showing a wide, sometimes nonscientific, audience 
how dealing scientifically with the death of a cetacean can help to preserve the life 
of the animal, either individually (individual welfare) or collectively (through 
understanding of issues affecting populations and hence conservation).

In this way, we believe that collection of important information from these ani-
mals, which are found dead in the wild, can lead from bad news to good news. We 
present here three examples of what we can do through the diagnosis of lesions 
(representing distress) and increasing our understanding of cause(s) (representing 
stressor(s)) in stranded cetaceans.

Firstly, we start with the investigation of a mass stranding of beaked whales (bad 
news) which results in the official ban of military sonar around the Canary Islands 
(good news).

Secondly, we describe live stranded cetaceans and their management during 
stranding, and their rehabilitation, as an example with a range of outcomes from 
good news – rehabilitation, to bad news—death due to capture myopathy.

Thirdly, we describe our search for fingerprints of distress in different nuclei of 
the cetacean central nervous system (CNS), which may provide information on 
acute and/or chronic diseases and/or stressors.

32.2  �Example 1: Sound as a Stressor (Beaked Whales (BW) 
Mass Stranding and Antisubmarine Mid-frequency 
Active Sonar (MFAS))

Marine mammals use sound for communication and foraging. Thus, they may 
respond to anthropogenic sound exposure as a stressor. There are several reports of 
marine mammals showing behavioural, acoustic and physiological responses to 
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anthropogenic sound (Nowacek et al. 2007). After the development of military anti-
submarine mid-frequency active sonar in the 1950s, and coincidental in time and 
geographically with military exercises where this kind of sonar was used, beaked 
whales, especially Cuvier’s beaked whale (Ziphius cavirostris), started to strand in 
large numbers (D’Amico et al. 2009).

Beaked whales were for long an almost unknown species. The little knowledge 
of these species came mostly from stranded whales. However, something changed 
in the late 1990s and early twenty-first century; beaked whales were stranded in 
large numbers along several km of the same coastline and coincidental in time and 
space with military manoeuvres. The first stranding of this type (an atypical mass 
stranding) that caught public attention occurred in Greece in May 1996, when 12 
Cuvier’s beaked whales were stranded in temporal and spatial association with 
North Atlantic Treaty Organization (NATO) exercises (Frantzis 1998).

The animals were stranded alive within a 36 h period and spread along 38 km of 
coast. This spread in time and location is different from typical mass strandings, 
where animals arrive together and simultaneously at the same spot of the beach 
(Frantzis 1998). During the military exercises, low- and mid-frequency military 
sonar was utilized. Four years later, in March 2000, 14 beaked whales and 3 addi-
tional cetaceans of other species were stranded within a 36 h period and spread 
along 240 km of coast, coincidental in time and space with the US naval exercises 
in Bahamas, where up to five ships used mid-frequency sonar (Evans and England 
2001). In that same year, in May, three Cuvier’s whales were stranded between 10 
and 14 May on two different islands of the Madeira Archipelago, Portugal. This 
stranding event was coincidental in time and space with NATO naval exercises, 
although NATO did not provide information about sonar use during this exercise 
(Cox et al. 2006).

The strandings of these rare species, in temporal and spatial association with 
military exercises with deployment of mid-frequency military sonar, became a sci-
entific and public concern. The occurrence of these strandings was studied retro-
spectively. Indeed, there have been previous mass strandings of beaked whales; 
however, Cuvier’s beaked whales, the most commonly involved species in atypical 
mass strandings, had not mass stranded prior to the 1950s (D’Amico et al. 2009). 
High-power, mid-frequency active sonar was employed in 1954 for the first time, 
and the first atypical mass stranding registered in the worldwide database on ceta-
cean strandings of the National Museum of Natural History of the Smithsonian 
Institution involving Cuvier’s took place in Genoa, Italy, in 1963 (Cox et al. 2006).

From the pathological point of view, no systematic, full-scale necropsies were 
able to be carried out on the beaked whales stranded in 1996 in Greece, or in 2000 
in Bahamas and Madeira; thus, only few pathological findings were reported (Cox 
et al. 2006). At that point, acoustic trauma was hypothesized as the cause of the 
stranding (Evans and England 2001). However, this hypothesis was about to take an 
unexpected U-turn.

At 3 am in 24 September 2002, military mid-frequency sonar started to be used 
around 40 km from the coast of Fuerteventura, in the Canary Islands, Spain, as part 
of NEOTAPON 02, a military exercise. At 7 am, the first report of beaked whales 
beaching along the coast of Fuerteventura was received. Warships were visible from 
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the beach where some of the beaked whales were stranded, and response efforts 
were concentrated (Fig. 32.2). At 10 am, military sonar was stopped from being 
used, and 14 beaked whales were found stranded or beached during the three fol-
lowing days and spread along the coast of the islands of Fuerteventura and Lanzarote. 
The event overwhelmed the logistics of the local marine mammal-stranding 
response. Since acoustic trauma was the only previously postulated hypothesis for 
this kind of strandings, the pathological examination of the heads of the animals 
which had died was prioritized.

Postmortem examination and internal organ sampling were performed at the 
stranding site, while the heads of these animals were preserved at 4 °C and shipped 
to the necropsy room of the veterinary school in Gran Canaria for a detailed 
pathological exam within 24 hours. Similar to the animals stranded in Bahamas 
and Madeira, the beaked whales stranded in the Canary Islands presented with 
haemorrhages around the acoustic jaw fat, the ears and the brain. However, the 
pathological examination of these animals also revealed new findings: gas bubble-
associated lesions and fat embolism consistent with a severe decompression-like 
sickness (Fernandez et al. 2005, Jepson et al. 2003). This was based on the follow-
ing hypothesis: in vivo bubble formation (a likely cause of distress) associated with 
sonar exposure (stressor) that may have been caused by nitrogen supersaturation of 
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Fig. 32.2  (a, b) Cuvier’s beaked whales (Ziphius cavirostris) beaching on Fuerteventura (Canary 
Islands, Spain) in 2002 during “NEOTAPON 02” military exercises. (Image credits: Cabildo de 
Fuerteventura) (c) Subcutaneous tissue (Almería 2006). Gas bubbles in subcutaneous veins (fresh 
tissue). (d) Heart (Almeria 2011). Gas bubbles in pericardial veins (fresh tissue) (Image credits: 
IUSA, ULPGC)
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the tissues following a modified or altered diving behaviour in response to sonar 
exposure (the stressor). This new pathologic entity in cetaceans, now also reported 
in by-catch turtles, would particularly affect deep, long duration, repetitive-diving 
species like beaked whales.

In 11–15 July 2004, international naval exercises called MEDSHARK/Majestic 
Eagle ‘04 took place 100 nautical miles northeast to the Canary Islands. Several 
ships played antisubmarine mid-frequency sonar during this military exercise. Five 
days later and in a 6-day period (21–26 July), four beaked whales were found float-
ing or stranded in the Canary Islands. The beaked whales were found in a state of 
decomposition, suggesting that the animals had died several days before and had 
died at sea. The sea currents during and after the naval exercise would have driven 
the carcasses from the naval exercise to the Canary Islands. The decomposition state 
of the beaked whales made it impossible to establish the cause definitively as in vivo 
gas embolism; however, systemic fat embolism was found in all the animals exam-
ined. Since these animals most likely died at sea, fat emboli were not caused by a 
traumatic beaching (Fernández et al. 2012).

The results of the necropsies of the stranding on the Canary Islands in 2002 were 
published (Jepson et al. 2003). In 2004, the scientific committee of the International 
Whaling Commission concluded that there was “compelling evidence implicating 
military sonars as having a direct impact on whales, in particular on beaked whales” 
(IWC 2004). These scientific results provoked a European Parliament nonbinding 
resolution in 2004, where the European Parliament urged its member states “to 
immediately restrict the use of high-intensity active naval sonars in waters falling 
under their jurisdiction” following the precautionary principle. The Spanish 
Government established a moratorium of high-intensity active naval sonar within 50 
nautical miles east to the Canary Islands.

Decompression sickness (DCS) is a syndrome described in human divers. 
Although the pathophysiological mechanism of decompression sickness is not fully 
understood, it is accepted that the pivotal mechanism is the formation of gas bubbles 
by gas-phase separation in tissues supersaturated with gas (Vann et  al. 2011). 
However, decompression sickness had never been described before in marine mam-
mals. How was it possible that marine mammals would suffer from decompression 
sickness if they had developed anatomical and physiological adaptations through 
evolution to protect them against decompression sickness? Were those gas bubbles 
really coming from nitrogen-supersaturated tissues, or were they a by-product of 
putrefaction? Were those bubbles dissection artefacts? Could the stranding process 
cause the fat emboli?

The authors proposed several mechanisms that could lead to decompression 
sickness (a very probable cause of distress) in marine mammals, such as an altera-
tion of the diving behaviour of beaked whales in response to sonar (stressor) causing 
nitrogen supersaturation (stressor within the tissues) (Fernandez et al. 2005). The 
interpretation of these new findings became a scientific controversy, and beaked 
whales became a focus of research, regarding the anatomy, physiology, diving 
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behaviour, acoustic responses and pathology. The development of new technology 
such as noninvasive time-depth recorders and digital acoustic recording tags has 
been critical to recent increased understanding of diving behaviour, responses to 
acoustic stimuli and the responses of these wild marine mammals to a sound stressor 
(Johnson and Tyack 2003).

Over the last decade, we have learnt that beaked whales, more specifically 
Cuvier’s whales, are the most extreme deep divers of this species group, with 
records for the longest (137.5  min) and deepest dives (2992  m) (Schorr et  al. 
2014). They present a very stereotypical diving behaviour: deep dives of 1400 m 
depth and 67 min long on average, followed by a series of shallow dives (Schorr 
et al. 2014). They are more sensitive to mid-frequency sonar than other species. 
They show strong behavioural reactions to mid-frequency sonar playback (the 
stressor) at low-received levels (89–127 dB re 1μPa). Temporary auditory damage 
is considered to occur with sound pressure levels higher than 180  dB.  When 
exposed to these sonar levels, the animals stopped echolocating and performed 
longer dives with slower ascent rates when swimming away from the sound source 
than routine foraging dives. However, observation of whale behaviour to distant 
sonar exercises did not cause the same reaction in the beaked whales (DeRuiter 
et al. 2013).

Mathematical models have been used to predict end-dive nitrogen tissue tensions 
for beaked whales. The end-dive nitrogen tissue tensions calculated by the model for 
the beaked whales would cause a significant proportion of decompression sickness 
in terrestrial mammals (Hooker et al. 2009). Repetitive shallow dives as a behav-
ioural response to mid-frequency sonar (stressor) have been identified as a risk for 
decompression sickness (a cause of distress) (Zimmer and Tyack 2007). Recent 
theoretical models did predict natural high-tissue end-dive nitrogen levels for beaked 
whales (Kvadsheim et al. 2012), although the behavioural reaction of beaked whales 
to mid-frequency sonar did not imply a significant increase in those levels. However, 
these authors conclude that a combination of behavioural and physiological 
responses to sonar cannot be ruled out as a cause of altered tissue and dive nitrogen 
tension and, in turn, decompression sickness risk (Kvadsheim et al. 2012).

From the pathological perspective, new atypical mass strandings over the last 
decade have provided new clues that have reinforced the decompression sickness 
hypothesis. On 25–26 January 2006, mid-frequency antisubmarine sonar was used 
within a NATO Task Force Group (SNMG2) exercise in the Cartagena area (south-
east coast of Spain). On 26–27 January 2006, four Cuvier’s beaked whales were 
stranded along Almería’s coast (southeast Spain). Two of the animals were observed 
stranded alive and displaying abnormal behaviour, and these animals died soon 
after being found. Complete pathological studies were performed on the four 
animals. Three of them were in a fresh condition at the time of the necropsy, and at 
this time, special precautions were taken to look grossly for gas bubbles. For the 
first time, disseminated gas embolism was confirmed grossly in these fresh tissues 
(Fig. 32.2c,d). Histopathological findings were similar to previous atypical beaked 
whale strandings, with widely disseminated haemorrhages in lipid-rich tissues and 
extensive gas and fat emboli.
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In between 28 February and 10 March 2011, an international naval exercise 
named “NOBLE MARINER 11” took place in the Mediterranean Sea and Atlantic 
Ocean off the coast of Spain. One Cuvier’s beaked whale was stranded alive on 03 
March. Refloating attempts failed and the animal was euthanized. Necropsy was 
conducted within 24 h of death, demonstrating acute gas and fat embolic lesions and 
haemorrhages in lipid-rich tissues (Fig. 32.2c,d). For the first time, gas analyses were 
performed in a beaked whale stranded in temporal and spatial association with mili-
tary exercises. Nitrogen was the main compound in the gas bubbles found in the 
coronary and renal veins as well as right ventricle and right atrium (Bernaldo de 
Quirós 2011). These results were consistent with nitrogen gas derived (gas off) from 
supersaturated tissues as in decompression sickness (Bernaldo de Quirós et al. 2013).

Since 2004, after the Spanish government imposed a moratorium on mid-
frequency military sonar, there have been no mass strandings of beaked whales in 
the Canary Islands (Fernández et al. 2013). In this specific case, pathological find-
ings promoted political action and resulted in a direct impact on the welfare and 
conservation of beaked whales.

32.3  �Example 2: Animal Welfare (Active Stranding 
and Capture Myopathy)

Cetaceans strand for many reasons, and stranding can be a passive or an active pro-
cess. In passive strandings, cetaceans are found dead on the shore, and it is usually 
presumed that they died offshore, although in a minority of cases, a detailed nec-
ropsy can indicate that the cetacean found dead had probably initially stranded 
alive. However, active strandings occur when cetaceans are still alive when they 
strand on the beach/coast, and live strandings can be further associated with rescue 
efforts, including animal handling, medical and nursing treatments on the shore, 
transportation to a rehabilitation centre, one or more attempts at refloating back to 
sea or subsequent death (Fig. 32.3a).

While describing the histopathology of the alarm reaction in small odontocetes, 
Cowan and Curry (2008) defined the term stress as demand for adaptation, in which 
adaptation is considered the condition of adjustment of physiological systems to 
maintain homeostasis. In this sense, McEwen (2000) defined homeostasis as the set 
of physiological and anatomical systems concerned with maintaining the essentials 
of the internal milieu, the essential internal workings of the animal body, such as 
thermoregulation, blood gases, acid base, fluid levels, metabolite levels and blood 
pressure.

Some of the proposed generic threats to homeostasis include environmental 
extremes, extreme physical exertion and depletion of essential resources. All these 
situations/stressors are present at the time an animal strands, wherein these stressors 
elicit behavioural and physiological changes for adaptation in the live-stranded 
cetaceans. Stranded cetaceans certainly are likely to be highly stressed and exhibit 
the general and well-documented mammalian physiological responses to stress, 
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including adrenocortical responses (release of stress hormones) having effects on 
thyroid hormone balance (Tsur et al. 1997) (see also 32.4.2). The stress or adaptive 
response is mediated by activation of the stress system, including the hypothalamo-
pituitary-adrenocortical axis (HPA axis) and the sympathetic nervous system. Blood 
tests in captured cetaceans have shown activation of the HPA axis and the conse-
quent production and release of glucocorticoids, mineralocorticoids and catechol-
amines (Fair et al. 2014).

These adaptations integrate the “stress response” and encompass a range of 
responses from sensory detection of the threat to the multi-subsystem, self-
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Fig. 32.3  (a) An adult male pygmy sperm whale (Kogia breviceps) stranded alive in Gran Canaria 
on February 2007. After an initial assessment, the decision was made to transport the animal to a 
rehabilitation facility, although the animal died during transportation. (b) The cardiac histopatho-
logical lesions from the pygmy sperm whale showed prominent contraction band necrosis, a char-
acteristic muscle lesion associated with elevated concentrations of catecholamines, haematoxylin 
and eosin. 10x. (c) Acute monophasic rhabdomyolysis, diffuse, severe. Skeletal muscle from an 
adult male striped dolphin (Stenella coeruleoalba) stranded alive in La Gomera on June 2001. 
Segmental and hyalinized myofibres are hypercontracted and the cytoplasm is disrupted. 
Haematoxylin and eosin, 10x. (d) Myoglobinuric nephrosis. Kidney from an adult male spinner 
dolphin (Stenella longirostris) stranded alive in Gran Canaria on August 2004. Anti-myoglobin 
antibody labels the tubular cell cytoplasm. Dilated distal tubules showed flattened epithelial cells. 
Immunohistochemistry anti-myoglobin, 20x (Image credit: Instituto Universitario de Sanidad 
Animal, Universidad de Las Palmas de Gran Canaria)
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organizing physiological changes that facilitate fight or flight (alarm reaction) or 
freezing. This stage of alarm reaction is followed by the phase of resistance, in 
which the homeostasis can be restored to protect the organism from the most delete-
rious consequences of stress. These physiological adaptations have some benefits; 
however, an extreme or prolonged stress response can potentially result in some 
significant changes, compromising the survival chance of the affected animals (dis-
tress). Though the stress response is shared by most mammals, including cetaceans, 
it can differ markedly between species and individuals according to differences in 
physiology, hormonal status and previous experiences. This is especially true in 
cetaceans, an order comprising a biological diversity of whales and dolphins with 
different structural and physiological characteristics. In addition, it has been pro-
posed that these species might be more vulnerable to the effects of stress in com-
parison with other species, due to their intelligence and emotional/social abilities 
(Curry 1999).

During the active stranding process, a stress-related capture myopathy (CM) 
syndrome can occur in individuals, potentially resulting in high mortality, as has 
been reported in other wild mammals and birds (Spraker 1993, Turnbull and Cowan 
1998). It has been presumed that, in cetaceans, the muscle damage is a direct conse-
quence of (and not the cause of) stranding and reflects extreme exertion, trauma, 
crush injury and stress (Colgrove 1978; Gales 1992; Herraeaz et al. 2007). Muscular 
activity is simultaneously activated in the fear response (Spraker 1993). Capture 
myopathy is defined as a non-infectious, metabolic muscle disease of wild mam-
mals and birds associated with the stress of capture, restraint and transportation. 
Four clinical syndromes of CM have been described in wild animals: (1) capture 
shock syndrome, (2) ataxic myoglobinuric syndrome, (3) delayed peracute syn-
drome and (4) ruptured muscle syndrome (Spraker 1993).

Stress, excessive muscular activity, trauma and prolonged muscle compression 
during the stranding, restraint and the transportation are considered the most prob-
able causes of the muscular damage seen in stranded animals. Pathological findings 
in CM consist of rhabdomyolysis affecting both cardiac and skeletal muscle and 
areas of necrosis distributed across different organs including the brain, lung, liver, 
intestine, pancreas and lymph nodes. Rhabdomyolysis is a pathology caused by 
muscle injury resulting in acute renal failure. This syndrome is caused by accumula-
tion of muscle breakdown products (mainly myoglobin, Mb) in the bloodstream, 
and it is associated with oxidative stress with primary role of mitochondria (outside 
their cellular environments, Mb is known to cause oxidative damage). In the ataxic 
myoglobinuric syndrome, additional renal lesions are characterized by moderate to 
severe tubular necrosis, with intratubular protein casts. The urinary bladder usually 
contains small amounts of brownish urine, containing Mb. Thus, skeletal muscle 
necrosis and acute renal failure are common sequelae of CM. Concerning the etio-
pathogenesis of muscular lesions in CM, it has traditionally been related to cellular 
hypoxia and lactic acidosis being associated with exhaustion of the energy store 
reserves useful to escape (Spraker 1993), although stress plays an important role in 
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myonecrosis development. Capture and restraint of a wild animal (injured/ill or 
healthy) is extremely stressful and commonly implies devastating consequences, 
mainly by ischaemia and reperfusion mechanisms. As stated above, live-stranded 
cetaceans are highly stressed during the stranding, and as with the prototypic mam-
malian response to stress, elevated blood cortisol and aldosterone (stress hormones) 
concentrations have been observed in cetaceans subjected to capture, handling and 
restraint (Fair and Becker 2000, St. Aubin and Geraci 1990). While live stranding in 
cetaceans represents an extreme and multifactorial condition, a syndrome of stress 
myopathy has been proposed as a cause of death associated with the long-time 
frame of protracted rescues (Geraci and Lounsbury 2005, Herraez et  al. 2007, 
Simpson and Cornell 1983). The presence of acute degenerative skeletal muscle and 
myocardial and renal lesions with myoglobinuria, as previously described in 25 of 
51 live-stranded cetaceans following human capture/rescue interactions, indicates 
that many live-stranded cetaceans experience CM similar to that of terrestrial wild-
life (Herraez et al. 2013, Herraez et al. 2007).

Biochemical markers in animals with CM include elevated serum muscle enzyme 
activities, variable degrees of myopathy and, in ataxic myoglobinuric syndrome, 
elevated serum urea associated with a myoglobinuria. Clinical signs of CM vary 
depending on the species and individuals and can include dyspnoea, weakness, 
hyperthermia, muscle tremors and/or rigidity. A wide spectrum of pathological find-
ings is present in CM, including areas of necrosis in the brain, lung, liver, intestine, 
pancreas and lymph nodes. However, the hallmark lesions of CM are acute to sub-
acute muscle degeneration affecting both skeletal and cardiac muscle and tubular 
nephrosis, often associated with tubular myoglobin (Fig. 32.3b,c,d) (Spraker 1993). 
The time elapsed from the stressful episode to the time of death determines to a 
degree the temporality, i.e. which of the possible histopathological findings are seen.

There is no treatment for CM; thus, the driver should be to prevent CM from 
occurring or to minimize its effects. Management of the stranded animal should 
include awareness of the situation, and the risks of CM, and efforts to reduce the 
striated muscle damage due to the release of catecholamines and sustained high 
blood cortisol and aldosterone levels, as well as the effects of extreme temperatures 
and exertion. The animal’s reaction during handling could be different between spe-
cies and individuals, since it will be governed by a complex interaction of genetic 
factors and previous experiences (Van Bressem et al. 1999). Neither age nor sex 
predisposition has been completely elucidated, although mature males with large 
muscle mass are more susceptible to CM.  In this sense, species- and individual-
specific therapy should be conducted by veterinarians.

In summary, active stranding refers to events in which a cetacean comes ashore 
alive, representing a stressful, extreme and multifactorial condition which is usu-
ally followed by human capture/rescue interactions and transportation for reha-
bilitation or in some cases euthanasia or death. Live-stranded cetaceans are usually 
debilitated when rescued, their condition deteriorates over the period of capture, 
and they most commonly die after a period of captivity (Herraez et  al. 2013). 
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Responses to stress can be beneficial and constructive, but if the organism is 
unable to successfully manage these responses or the allostatic system (controlled 
deviation of homeostatic system) becomes activated too frequently and for pro-
longed long periods of time, it can also be destructive and elicit undesirable 
effects. In consequence, the pathophysiology of CM could have a role in mortality 
following live-stranding events, and CM can compromise subsequent rehabilita-
tion, the effectiveness of therapy and care of the recovering animals as well as 
their welfare status.

32.4  �Example 3: Fingerprints in the Brain of Dolphins (How 
Can We See Them?)

Many of the classical measures used to evaluate neuropathological changes do not 
tell us if meaningful cellular changes have occurred, and thus, the link between 
animal neuropathological alterations, welfare and stress is still mostly unclear. Our 
knowledge of the location of certain brain nuclei enables us to understand that these 
are activated in situations of acute, chronic and/or severe stress. The feasibility of 
postmortem analysis of archival brain specimens to look for markers of previous 
activity may answer basic questions in comparative neurobiology and neuropathol-
ogy, in a way that has not previously been possible.

32.4.1  �Cetacean’s Neuroanatomy: Big Brains for a Big 
Dilemma

There is a significant lack of information concerning cetacean neuroanatomy, due 
to the limited access to fresh brain samples of such unconventional mammals. In 
the course of evolution, cetaceans have undergone numerous modifications with 
respect to their ancestral land status. The brain size of toothed whales with respect 
to body size allocates them between that of apes and humans in relation to brain 
volume and is significantly larger than those of any nonhuman primate (Marino 
et al. 2007). Thus, the overall size of the brain is large—especially the size of the 
neocortex, the auditory centres, the cerebellum and the sensory component of the 
trigeminal nerve. The olfactory bulbs, as well as all the olfactory structures, are 
almost always regressed or absent in toothed whales (Fig. 32.4a,b). In contrast, the 
auditory processing areas reflect the necessity of effective underwater hearing for 
echolocation (sonar), navigation and communication (Oelschlager 2008). In 
toothed whales, the acoustic brain centres are large: the medial geniculate body is 
about 7 times larger, the inferior colliculus 12 times and the lateral lemniscus 250 
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times larger in absolute terms than the equivalent structures in the human brain 
(Bullock and Gurevich 1979).

32.4.2  �Cetacean’s Neuroanatomy of Stress: The Hypothalamus 
and the Locus Coeruleus

The stress or adaptive response is mediated by activation of the stress system, 
including the HPA axis and the sympathetic nervous system, which results in 
increased secretion of glucocorticoids (cortisol) and catecholamines (epinephrine 
and norepinephrine), respectively (Han et al. 2013). The stress regulatory control of 
the HPA axis is essential to health and survival. The activation of the HPA axis 
begins at the level of the hypothalamus, a tiny area of the ventral brain. The hypo-
thalamus controls the autonomic nervous system via a set of neurons that directly 
innervate both the parasympathetic and sympathetic preganglionic neurons, as well 

a

c d

b

Fig. 32.4  (a, b) Ventral view of the brain of a common dolphin (Delphinus delphis). H, hypothala-
mus; IO, inferior olive; ot, optic tract; OT, olfactory tubercle; P, pons; TB, trapezoid body; TL, 
temporal lobe; 2, optic nerve; 6, abducens nerve; 7, facial nerve; 8, vestibulocochlear nerve. 
Intranuclear c-fos labelling in multipolar small spherical neurons (c) and in giant neurons (d) of the 
ventral cochlear nucleus (VCN) of the striped dolphin (Stenella coeruleoalba). 3,3-Diaminobenzidine 
(DAB) counterstained with thionine (Image credit: Instituto Universitario de Sanidad Animal, 
Universidad de Las Palmas de Gran Canaria)
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as various cell groups in the brainstem that control autonomic reflexes, maintaining 
the body’s homeostasis (Saper and Lowell 2014). Despite its small size, this region 
of the diencephalon contains the comprehensive system for basic life support. The 
hypothalamus is also a key structure of the brain in the regulation of the release of 
hormones from the pituitary gland. The hypothalamus, particularly the paraven-
tricular nucleus (PVN), is activated during an emergency reaction, probably through 
inputs from the amygdala and other parts of the central nervous system involved in 
processing fearful or threatening stimuli (Nicol 2000). In reaction to stressful stim-
uli, the hypothalamus acts releasing the corticotropin-releasing factor (CRF) or 
corticotropin-releasing hormone (CRH), produced primarily by the PVN of the 
paraventricular nucleus, as well as in the magnocellular population of the PVN and 
supraoptic nucleus (SON). CRF is released into the hypophyseal portal veins and to 
the anterior pituitary, which subsequently releases adrenocorticotropic hormone 
(ACTH). ACTH then stimulates secretion of the glucocorticoids, mainly cortisol 
and corticosterone, from the zona fasciculata of the adrenal glands. The stress 
response has classically been characterized by two temporal waves of stress media-
tor actions. The first rapid one includes noradrenaline and CRF and promotes vigi-
lance, alertness, appraisal of the situation and the choice of an optimal strategy to 
face the challenge. The CRF is released within seconds of recognition of the emer-
gency with an effect on several brain regions; therefore, it acts as a neuromodulator 
in the brainstem and neocortical regions of stress responses. CRF is also expressed 
in neuronal populations in the amygdala, hippocampus and the locus coeruleus. The 
second wave, attributed to corticosteroids, mediates the alterations of gene expres-
sion and cell function (Joels and Baram 2009). In the hypothalamus, vasopressin 
(ADH) interacts with CRF, promoting ACTH release from the pituitary in response 
to stress.

In the toothed whales, the PVN (Sacchini 2015) remains in the preoptic region 
where it reaches its maximum size and then regresses in the anterior or suprachias-
matic region. PVN is made up of two cell populations: a magnocellular population 
composed of large neurons and a parvocellular population uniformly composed of 
small neurons (Sacchini 2015).

The toothed whales’ supraoptic nucleus (SON) extends from the preoptic area to 
the hypothalamic tuberal area (Sacchini 2015). SON bounds all the optical struc-
tures (the proximal portion of the optic nerve, optic chiasm and distal optic tract) 
with its neurons and neuronal processes. The SON is divided into a retrochiasmal 
region (SONr) laterally and a principal region (SONp) medially and dorsally. The 
SON is made up of a magnocellular population of large neurons. ADH immunore-
activity is strongly visible in the magnocellular population, both in the PVN and the 
SON. The parvocellular neurons of the PVN express a mild cytoplasmic positivity 
to CRF (Sacchini 2015).

The locus coeruleus (LC) is a densely packed cluster of norepinephrine producer 
neurons, located in the upper part of the rostral rhombencephalon, near the floor of 
the fourth ventricle. It is the largest catecholaminergic nucleus of the brain, and it 
supplies norepinephrine to the entire central nervous system. LC is involved in 
attention, behavioural activation and arousal. Again, the population of neurons of 
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the LC innervates a wide swath of distal targets, making possible the kind of global 
and coordinated effects on information processing that an emotional state like fear 
requires (Adolphs 2013).

The toothed whales’ LC extends from the caudal level of the motor nucleus of 
the trochlear nerve to the rostral level of the motor nucleus on the trigeminal nerve. 
The toothed whales’ LC presents five subdivisions: A6d, restricted to the caudal 
periaqueductal grey; A6v, external to the periaqueductal grey; A7, located in the 
pontine tegmentum; A5, confined to the caudal ventral tegmental portion, near to 
the superior and inferior olivary complex and caudal to the motor trigeminal nucleus; 
and A4, latero-dorsally, close to the superior cerebellar peduncle. Neurons are very 
large and polygonal in shape and exhibit cytoplasmic neuromelanin. They are also 
strongly immunopositive for thyroxine hydroxylase (TH). Manger et al. examined 
the LC in a bottlenose dolphin specimen (Manger et al. 2003) and stated that the A4 
subdivision was absent. Nevertheless, toothed whales seem to present the A4 divi-
sion, making the LC projections wider, in order to innervate a more extensive part 
of the brain, contributing to keep it in a constant mood of alertness (Sacchini 2015).

32.4.3  �Cetacean’s Neuroanatomy of Fear: The Amygdaloid 
Complex

Recent studies in rodents have shown that there are highly specific brain circuits for 
fear, whereas findings from human neuroimaging seem to make the opposite claim 
(Adolphs 2013). The amygdala or amygdaloid complex is a noticeable bilateral 
structure in the medial temporal lobe and is composed of at least 13 different nuclei 
and cortical areas, subdivided into the deep nuclei or basolateral amygdala (BLA), 
the superficial nuclei, the anterior amygdaloid area (AAA), the amygdalohippocam-
pal area (AHA), the intercalated nuclei (I) and the central nucleus of the amygdala 
(CeA).

The amygdaloid complex is part of the neural circuitry that is critical for emo-
tion. The amygdala initiates the fight or flight response through inputs into the hypo-
thalamus and to brainstem control centres of the sympathetic nervous system. 
Beyond its role in emotional reactivity, it is important in emotional learning, 
whereby cues acquire significance through association with rewarding or aversive 
events. Finally, the amygdala regulates additional cognitive processes, such as 
memory or attention (Gallagher and Chiba 1996). The BLA receives most of the 
sensory inputs that specify fear associations. The CeA is widely considered the 
main output regulator for mediating fear responses. The CeA mediates the 
behavioural and physiological reactions associated with fear, anxiety and the HPA 
responses by modulating brain CRF activity. CRF in the CeA during acute stress 
enhances memory consolidation (Joels and Baram 2009).

The flexible modulation of different downstream fear components by the CeA 
depends on an intricate inhibitory control balance internal to the amygdala (Adolphs 
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2013). An interconnected sheath of GABAergic neurons, the intercalated neurons 
(I), is found interposed between the BLA and CeA, providing an important source 
of inhibition (Janak and Tye 2015). Whereas some of CeA neurons can inhibit cho-
linergic targets mediating cortical arousal, they can at the same time promote freez-
ing through projections to the periaqueductal grey (Gozzi et  al. 2010). In the 
amygdala, the excitatory actions of vasopressin might contribute to the behavioural 
stress response. Vasopressin might also modulate emotional memory and anxiety 
(Joels and Baram 2009).

Previous published work on toothed whales’ amygdaloid complex (Breathnach 
and Goldby 1954, Jansen 1953, Morgane 1972) was based on archaic classifica-
tion, which differs considerably from currently used nomenclature. In the toothed 
whales’ amygdala, there are 12 nuclei divided into three main groups (Sacchini 
2015). The basolateral complex or deep nuclei are made up of the lateral nucleus 
(NL); the basal nucleus (NB) with its magnocellular, intermediate and parvocel-
lular division; the basal accessory nucleus (NBA) with its magnocellular and par-
vocellular division; and the paralaminar nucleus (PL). The superficial or cortical 
nuclei are composed of the anterior cortical nucleus (CoA), the posterior cortical 
nucleus (Cop), the periamygdaloid cortex (PAC) and the medial nucleus (M). 
Finally, the other amygdaloid nuclei are composed of the CeA, the AAA, the 
AHA and the I. Neither the nucleus of the lateral olfactory tract (NLOT) nor the 
bed nucleus of the accessory olfactory tract (BAOT) is present in the toothed 
whales’ amygdala (Sacchini 2015), possibly due to the involution of the olfactory 
structures. The CeA extends mainly dorsal to the NL and NB. The CeA contains 
small neurons, spherical, poligonal or spindle in shape. The neuropil and somas 
of the CeA are heterogenically positive to Calbindin D-28k. The subdivision, vol-
ume and location of CeA and, in general, of the amygdaloid complex of toothed 
whales are very similar to that described in other species such as primates 
(Sacchini 2015).

32.4.4  �Fingerprints in the Cetacean Brain: Is It Possible to Get 
a Real Identikit?

In 1955, a front-page article in The New York Times reported that “the brain that 
worked out the theory of relativity and made possible the development of nuclear 
fission” had been removed for scientific study. The pathologist Thomas Harvey car-
ried out the autopsy and took Albert Einstein’s brain out. Harvey sent samples of the 
coveted organ to a number of different researchers, including Harvard University’s 
Marian Diamond, who found that the genius had an average number of normal-
sized brain cells. As Einstein stated “Not everything that counts can be counted and 
not everything that can be counted counts”, only some decades later were most of 
Einstein’s brain peculiarities identified (Colombo et al. 2006, Falk et al. 2012, Hines 
1998). The neuronal/glial ratio for the Einstein brain was significantly smaller than 
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the mean for the control population (Diamond et al. 1985). Furthermore, Einstein’s 
astrocytic processes showed larger size and higher numbers of interlaminar terminal 
masses (Colombo et al. 2006). Recent studies have shown that glial cells may play 
a critical role in regulating synaptic function and plasticity (Filosa et al. 2009), per-
haps explaining the extraordinary abilities of the scientist.

If intra-individual brain structure variability can reflect changes in behavioural 
performance and capacity (perhaps measurable and so a potential “good news” indi-
cator) or can reflect behavioural changes associated with neurodegenerative and 
other brain-related disorders (a potential “bad news” indicator), are we also able to 
draw a specific fingerprint-like pattern of the behaviour of neuronal and non-
neuronal components of the brain (reflecting good or bad news)?

Stress may result in some significant neurobiological changes that place ani-
mal and human well-being at risk (resulting in distress). It is not something new 
that chronic exposure to stress hormones, from the prenatal time to the ageing 
period, can have deleterious effects on brain structures involved in cognition and 
mental health (Lupien et al. 2016). Exposure to chronic stress in adolescence is 
sufficient to induce lasting changes in neuroendocrine drive and behaviour, 
potentially altering the developmental trajectory of stress circuits (Wulsin et al. 
2016). Distress can jeopardize the brain and behaviour across the lifespan in 
animals and humans.

Some molecular mechanisms are generally used by the neurons with the pur-
pose of protecting them from ischemic injuries or toxic substance, for example. 
Nevertheless, if the noxious agent is not removed, the cells begin an irreversible 
process of degeneration. Cellular recovery from acute injury involves the expres-
sion of early stress genes such as c-jun, c-fos and stress proteins, like heat shock 
proteins (HSPs). Finally, chronic/severe stress increases the vulnerability of neu-
rons, accompanied by a detectable increase in pro-apoptotic and/or apoptotic neu-
rons (Fig. 32.5).

Multiple studies state that a variety of different stimuli have been shown to 
induce the expression of the proto-oncogene c-fos in the brain, and thus, c-fos 
immunostaining is now used to map brain metabolism under different physiological 
and non-physiological conditions (Herrera and Robertson 1996). Transient c-fos 
expression in the central nervous system was first observed after seizure activity and 
following noxious stimulation in the spinal cord (Herrera and Robertson 1996). 
C-fos gene expression is related to various signal cascades involved in biochemical 
processes such as neuronal plasticity, cell growth and mitosis (Barros et al. 2015). 
Circulating adrenal steroid hormones in the brain may result in ever-changing pat-
terns of gene expression, too (McEwen et al. 2016). A dramatic induction of c-fos is 
also detected in response to stressful stimuli in different rat brain areas. Few brain 
areas show increased expression of c-jun, but these regions show induction of c-fos 
(Cullinan et al. 1995).

Protein degradation is a dynamic and complex process in which ubiquitin has 
a key regulatory role (Tai and Schuman 2008). Ubiquitin, an essential protein in 
nonlysosomal proteolytic system, is expressed after metabolic stress to the cell 
(Ide et al. 1999). The expression of brain heat shock proteins has been used for a 
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long time for its potential to protect the brain from ischemic injury (Giffard et al. 
2004) and deleterious stresses (Samson et al. 2007). Levels of plasma corticoste-
rone and brain norepinephrine significantly increase, as well as the expression of 
brain heat shock proteins (HSP70) after different durations of noise stress 
exposure.

Time-dependent stress response to noise exposure is a complex mechanism 
involving highly interconnected systems such as HPA axis and heat shock proteins 
and may have serious implications in vital organs, particularly in the brain 
(Samson et al. 2007). There is an important role of HSP70 which increases after 
chronic noise exposure, together with a decrease of brain norepinephrine and cor-
ticosterone (Samson et al. 2007). Noise seems to increase expression of HSP70, 
due to the cellular injury, probably caused by the elevated levels of free radicals 
(Samson et al. 2007). Heat shock system plays a vital role in the protective mecha-
nism of the brain, and the HSP70 is considered as a critical determinant of the 
brain’s stress tolerance (Calabrese et  al. 2006). Previous studies in mice have 
demonstrated that noise exposure, a great stressor, leads to dramatic pathophysi-
ological changes within the central auditory pathway (dorsal and ventral cochlear 
nuclei and the central nucleus of the inferior colliculus) in addition to cochlear 
damage, in a time-dependent manner (Coordes et  al. 2012). Apoptosis-related 
pathophysiological changes within the central auditory pathway could be associ-
ated with the harmful effects of stress (distress). Moreover, chronic stress increases 

Fig. 32.5  Schematic representation of fingerprint-like cellular identikit, of “normal” or distress 
suffering neurons. The “?” denotes potential measurable neuropathological changes (Image credit: 
Instituto Universitario de Sanidad Animal, Universidad de Las Palmas de Gran Canaria)
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the vulnerability of neurons in the rat cortex, accompanied by a detectable increase 
in caspase-3-positive neurons in the cerebral cortex, suggesting apoptosis (Bachis 
et al. 2008).

The identification of genes involved in apoptosis is a key goal for the understand-
ing of programmes regulating cell death in development and tissue regression 
(Wang et  al. 2015). Research on postmortem brains may integrate neural 
underpinnings together with neurochemical fingerprints (Fig.  32.5), in order to 
identify key questions and some potential answers and to set challenges for encour-
aging future research into intra-individual variability. Through the support of mod-
ern advances in molecular biology and immunolabeling for assessing protein 
location and function, these findings may have important implications for our 
understanding of neuronal regulation of the stress/distress mechanisms.

32.5  �Conclusions

Veterinary pathology is a diagnostic tool, which looks for and identifies lesions 
involved in disease(s) as well as determining cause(s) of death. If we consider 
cause(s) as stressors and lesions as indicators of distress, why may we not consider 
also veterinary pathology as a diagnostic tool of animal welfare and, in our particu-
lar case, in cetaceans (whales, dolphins and porpoises)?

Response to stress can be beneficial and constructive, but it can also be destruc-
tive and elicit undesirable effects. In consequence, the pathophysiology of CM 
could have a role in mortality following live-stranding events and compromise sub-
sequent rehabilitation, the effectiveness of therapy and care of the recovering ani-
mals, as well as their welfare status. Research on the postmortem brain may integrate 
neural underpinnings together with neurochemical fingerprints, in order to identify 
key questions and some potential answers and to set challenges for encouraging 
future research into intra-individual variability. The moratorium on mid-frequency 
military sonar is a good example on how pathological findings have driven political 
action and resulted in a direct impact on the welfare and conservation of cetaceans.
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Day 1. It’s getting darker, the water is cooling at the surface, and I can feel it cold 
against my back as I surface. I’ve been feeding for about half an hour, and the small 
fish I am gathering into my mouth are quite easy to collect in the still water tonight. 
The other humpback whale, which is feeding next to me, is quietly resting on the 
surface at the moment, and I can hear his blows intermittently when I also surface. 
I swim and then allow the water to flow into my mouth and to expand my jaws and 
open the ridged throat grooves and folds which allow me to scoop the fish and small 
food creatures into my mouth and then to concentrate them as they are held against 
the baleen plates in my mouth. I move slowly to the left and right as I move forward, 
sensing the density of the fish like wavering shadow clouds in the water. After tak-
ing several scoops, I rest for a short time and then start swimming actively to move 
toward another density of fish, which I can sense and see in the water. I feel a slight 
pulling sensation on the right side of my jaw and then a more distinct sense of some-
thing tight across the tissues of my mouth as it closes. This is not a sensation I have 
felt before, and quite suddenly, I am aware of a strong intense pulling force on the 
side of my mouth, so strong that it actually pulls me to the right side. Something has 
got hold of my jaw and is slowing me down, pulling me to the right, and I can now 
feel a burning cutting sensation in the tissues along the edge of my jaw. I’m not 
prepared for this sudden attack—I did not sense any killer whales or other large 
animals close to me before—all I was aware of was open water and the schools of 
fish which moved in clouds ahead and around me. I react in the way I always do 
when I am surprised by something potentially dangerous—I flip my tail and dive 
down—the water here is not very deep and soon I am close to the seabed. The ten-
sion on the side of my mouth has not reduced; in fact, it is so strong that it is now 
pulling me to the side as I try to swim, and the more I push with my powerful tail 
fluke and long pectoral fins, I feel the cutting, burning sensation at the side of my 
mouth. Now I start to become frightened; I am not used to much being dangerous 
for me—of course the big human floating things concern me because they are noisy 
and large and fast and hard, and the killer whales can try to nip my fins and flukes, 
but this is something new, something I don’t know anything about. Whatever it is, 
it’s silent, and small (I can’t sense any swimming movements from the attacker) and 
very, very strong, and now, extremely painful. The thing is cutting deep into my 
mouth, and I can feel it bending and damaging my baleen plates, cutting into the soft 
tissues of my mouth, and also I can taste blood (my blood) in the water. Also, wor-
ryingly, I cannot fully close my mouth, and I can feel the water flowing in, and out, 
as I swim. I decide to surface fast in the hope that the attacker will be thrown off, 
and as I breach at the surface, I feel myself freed a little from the intense pulling 
tension. Maybe I’ve lost it! But no, soon I can sense another feeling—not only is the 
thing attached at my mouth, but I can feel strands of it, whatever it is, against my 
sides. I don’t like this at all; I’m scared; I spin myself around in the water—this 
takes a few moments as I weigh about 35 tonnes (I’m only medium sized) and I’m 
12 m long, not fully grown! I make three spinning turns, hoping to throw the thing 
off. Oh no! I can feel that one of my pectoral fins is now held against my side. This 
is very, very scary—how can I turn, steer, and propel myself? I start to panic and 
rush to the surface to make a series of short snorty breaths and blows—my huge 
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heart is beating fast, and I propel myself along the surface as fast as I can, powering 
with my tail, but hampered by the fact that I can’t completely close my mouth. My 
pectoral fin is not working at all, 4 m in length, and it is held tight against me, and 
despite my huge muscles, I am unable to pull it away from my side. Two of the 
whales from my pod have been trying to keep up with me, clearly concerned by my 
strange behavior and are sending acoustic signals to me—what’s wrong? What’s 
wrong? I’m so frightened; all I can do is swim and spin and make shallow dives and 
short snorty breaths—and repeatedly send out an alarm signal to the other whales 
around me.

Day 30. I’ve been living with the thing for a whole moon cycle now. I’ve lost 
quite a bit of weight—whereas before I was fat and sleek with a very thick layer of 
blubber, I am now finding it very difficult to feed because my jaw hurts so much, the 
baleen has been damaged inside, I can’t completely close my mouth (which I need 
to be able to do, to dive properly, and to swim fast, and to allow my baleen filter to 
work well), and the thing has wrapped itself around my body a number of times (I 
can’t say how many) and has trapped my right fin against my side—so I can only 
limp through the sea. I trail a long tail of “the thing”—it’s heavy with pieces of litter 
and weed, and it slows me down so much that my most common companion, and 
the rest of the pod—usually three others with whom I usually move through the 
sea—have had to leave me. I am very alone, but other humpback pods and other 
species of whales sometimes come close to me and send me acoustic messages. But 
they can all see that I am sick and unable to feed and move easily. I feel very tired 
most of the time, the lack of food, the fear, the cold (my blubber is not as thick as it 
should be), and the constant pain (the thing has cut right into the tissues in my 
mouth and also deep into my side along the line from my mouth to the root of my 
pectoral fin). The cut is so deep that I can see blood in the water sometimes, and the 
pain is very, very severe—I can feel the thing against my insides and feel a grating 
feeling as it moves against my bones around my fin. The swelling and infection 
around the thing are sapping my strength and endurance.

Day 90. The thing has been with me for three moon cycles now. I’m very tired, I 
fin slowly—and sometimes I am lucky enough to sense a school of fish or a cloud 
of small crustacea and to summon enough energy to open my sore and damaged 
mouth and to envelop them—but my mouth does not work well, the thing has 
formed a tight band across the middle of the inside of my jaw, and even the mass of 
soft fish and krill bodies hurt me when I close my mouth against them. I have lost a 
lot of weight, and the cold water is beginning to really affect me, so I have turned 
north, back toward warmer water—and I have reached a place now where I can just 
about tolerate the temperature—but the feeding is bad, and I am very alone. I feel 
very sick; the infection around the thing is causing me to feel emptied of energy, 
confused, and sometimes disoriented. I have tried scraping myself along a pebble 
seabed to try and relieve myself of the thing, but now it is so deeply sunk into my 
skin, blubber, muscle, and the bone of my jaw and pectoral fin that I know it cannot 
be released—unless it chooses to let go of me itself. I used to send out distress sig-
nals when other whales came within hearing distance—but I have stopped now, as 
this simply caused whales to come to see what was happening, but they could do 
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nothing. I know that I am dying, but I fight on with the small hope that the thing will 
break off, let go, or decide to leave me.

Day 115. I am lying silent in shallow water. I have no strength left. I can feel 
seabirds landing on me to peck at the open wound caused by the thing. I have not 
been able to feed for 20 days and nights, and my blubber is very thin and my skin is 
damaged and sore in places where the trailing part of the thing has touched and cut 
into me again and again. I feel my life sliding away; at least the constant pain, the 
deep burning constant pain of the thing will be finished.
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salinity patterns, 16, 17
temperature effects, 11–16
temperature stratification, 11

Antisubmarine mid-frequency active sonar
acute gas and fat embolic lesions, 590, 593
behavioural, acoustic and physiological 

responses, 588–589
Cuvier’s beaked whales beaching,  

589–590
decompression sickness, 591
haemorrhages, 590, 593
on heart, effect of, 590, 592
in vivo bubble formation, 590–591
mathematical models, 592
sound, 588
subcutaneous tissue, 590, 592
temporary auditory damage, 592
theoretical models, 592

Aonyx capensis, 533
Aonyx cinereus, 533
Aquaculture, marine, 249–250
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Aquatic mammals
cetaceans, 3
sea lions, 3
seals, 3
sirenia, 3

Archipelago Ecoregion (AE), 399, 422, 432
Arctic sea ice, 401
Arctocephalus galapagoensis, 33, 230, 234
Asphyxiation, 46
Association of Fish and Wildlife Agencies 

(AFWA), 565
Association of Zoos and Aquariums (AZA), 

490, 491
Ataxic myoglobinuric syndrome, 595
Australian sea lions, 228–229

B
Balaenidae, 3
Balaenopteridae, 3

Balaenoptera acutorostrata, 42, 72, 73, 75
Balaenoptera bonaerensis, 72
Balaenoptera borealis, 72
Balaenoptera physalus, 73, 74

Beaked whales, mass stranding
acute gas and fat embolic lesions, 590, 593
behavioural, acoustic and physiological 

responses, 588–589
Cuvier’s beaked whales beaching, 589–590
decompression sickness, 591
haemorrhages, 590, 593
heart, 590, 592
in vivo bubble formation, 590–591
mathematical models, 592
NATO exercises, 589
sound, 588
subcutaneous tissue, 590, 592
temporary auditory damage, 592
theoretical models, 592

Beaufort Sea Planning Area (BSPA), 451
Beluga captures, 161, 172
Bioaccumulation, heavy metals and organic 

compounds, 535
Bioelectrical impedance analysis (BIA), 511
Black bears, 405
Blainville’s population demographics, 116
Boat propeller injuries, 2
Body condition index (BCI), 510, 511
Body condition scoring (BCS), 194, 195, 282
Bone piles, 403–404
Bottlenose dolphins, 92
Bowhead whales, 72
Bowhead whales (Balaena mysticetus),  

447, 455

Brain heat shock proteins (HSP70), 602–603
Brucella, 536
Bycatch and entanglements, cetaceans, 42–43

asphyxiation, 46
causes, 44–45
decompression sickness, 57–58
deep incised lesion, 47, 55
Eubalaena glacialis, 47, 51, 52
external injuries, 46, 47
gill nets, 47, 48
human-caused mortality, 57
Humpback whale, 47, 53, 54
internal injuries, 46, 47
mitigation, 60, 61
North Atlantic right whale, 47, 51
pathological data, 46
physiological and behavioural  

differences, 45
quantitative metrics, 60
with rope, 47, 50
sleep, 45
social implications, 58
stress and injuries, 56
sublethal effects, 61
whales, 47, 49

C
Cage traps, 547
Cage-type traps, 554, 555
Callorhinus ursinus, 33
Canada’s Accredited Zoos and Aquariums 

(CAZA), 490
Canadian Ice Service (CIS), 514
Canis lupus, 555
Captive welfare

animal welfare assessment, 581–582
assessment guidelines, 390–392
cetaceans

aggression, pods and  
ecotypes, 165, 166

behavioural measures, 192–194
behavioural restrictions, 168–169
behaviour types, 162
Beluga captures, 161, 172
bottlenose dolphins, 161
early mortality, 170–171
early pregnancy and calf separation, 

166–167
environmental quality and complexity, 

167–168
finless porpoises, 161
Georgia Aquarium applications, 

172–173
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harbour porpoises, 161
health-related measures, 194–196
Indo-Pacific humpbacked dolphins, 161
Irrawaddy dolphins, 161
Japanese drive hunts, 173–174
killer whales, 161
noise, 168
orca captures, 161, 174
Pacific white-sided dolphins, 161
psychotropic drugs, 170
public display and entertainment, 162
resource based, 190, 191
restrictive space, 162–163
Risso’s dolphins, 161
short-finned pilot whales, 161
social environment limitations, 

164–165
stress, 169–170
tranquilisers usage, 170
welfare science, 162
wild populations, live capture 

operations, 171
facility level, 386–388
individual level, 389
pinnipeds

affiliative behaviours, 279–280
agonistic behaviour, 279
anticipatory behaviour, 279
BCS, 282
cataracts and lens luxation, 281
cognitive bias, 283–284
disease/pathology incidence, 280
eye pathologies, 281
inappetence, 278
interspecific aggression, 282
mortality rates and reproduction, 280
Northern elephant seals, 282
physiological welfare measures, 283
risk factors, stress, 283
stereotypic behaviours, 278–279

polar bears
behavioral husbandry needs, 493
EAZA experts, 493
EEP and SSP program, 499
enrichment component, 496
ex situ and in situ collaboration, 

491–493
positive outcomes, 497–499
public appeal, 490, 491
training, 496, 497
USFWS Polar Bear Oil Spill Response 

Plan, 500
population demography, 482
rehabilitation programs, 581

research, 389–390
zoos and aquariums

appropriate exhibit size, 577
Asian small-clawed otters, 579–581
Eurasian otter, 576
gene pool management, 574
holding and enclosure areas, 577–579
large crowds, 576
latrine management, 577
loud noises/inappropriate light cycles, 576
median life expectancy, 574
otter enclosure, 576, 577
scent, 577
sea otters, 574–575
variable substrates, 577
wild spotted-necked otter/speckle-

throated otter, 580
Capture myopathy (CM), 595–597
Capture shock syndrome, 595
Cervus elaphus, 104
Cetaceans (whales and dolphins), 3, 33

bycatch and entanglements (see Bycatch 
and entanglements, cetaceans)

in captivity (see Captive welfare, 
cetaceans)

climate change (see Climate change, 
cetaceans)

culls, 81
economic value, 84
food source, 126
group coordination, 112
habitat requirements, 126
and hunts, 81
Japan, 80–81
management, 79
marine pollution, 81–82
mating, 112
natural behaviours, 82
navigation, 112
ocean noise, 112, 113
ocean temperature, 126
orientation, 112
Peru, 80
predator/hazard avoidance, 112
tourism, 82–85
welfare

anthropogenic threats, 205
behavioural monitoring, 203
in captivity, 186–187
cognitive abilities, 183
criteria and measures, 184–185, 

188–189
feeding events, 204
of wild animal species, 190
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Cetotheriidae, 3
Chase encirclement stress studies (CHESS), 104
Chukchi sea planning area (CSPA), 450–451
Circumpolar Action Plan, 505
Climate change, 10, 11, 539–540

cetaceans
biological (prey availability)  

features, 126
bisymmetrical vertebrates, 133
chemical (salinity) features, 126
human behaviour, 130–131
observed and predicted effects, 128
physical (temperature) features, 126
prey availability, 131
primary mechanisms, 129
river systems, 129
sea ice habitat, 130
welfare concern, 131–133

global models, 466–467, 539–540
humane slaughter techniques, ice, 269
loss rates, 266
monitoring delays, 268–269
open water shootings, 265–266
pinnipeds, habitat loss, 242–244
and polar bears

precautionary approach, 483
reductions/elimination, 483

sirenians
algal blooms, 344–347
Amazonian manatee feeding  

ecology, 344
anthropogenic responses, 347, 351
coastal ecosystems, 349–350
coastal flooding, 349–350
fishing and hunting pressure, 348–349
food insecurity, 348
habitat loss and change, 342–344
host-parasite dynamics, 347
hydroelectric damming, Amazonian 

manatees, 350
industrial warm-water refuge,  

Florida, 350, 351
land management, 350
morphological and physiological 

capacity, 336
natural and industrial sources, 350
ocean chemistry, 337–338
ocean stratification, 335
precipitation patterns, 340–341
rainfall patterns, 340–341
sea-level rise, 336–337
severe storms, 343
shoreline erosion, 349–350
surface salinity, 335

temperature increase, 335–336
water management, 350
water pollution, 349–350
weather intensity, 338–340

wounding rates, 265
Clubbing methods, commercial sealing, 

259–260
Coccidioides immitis, 536
Commercial seal hunt, Canada, 254–257
Conservation of Antarctic Marine Living 

Resources (CCAMLR), 226
Controlled exposure experiments (CEEs), 120
Convergent Ice Ecoregion, 423, 432
Coordinated incident management system 

(CIMS) model, 138
Culture and group welfare, 151–152
Cystophora cristata, 470

D
Dall’s porpoises, 92
Decompression sickness (DCS), 591
Defense of life and property (DLP), 478
Delayed peracute syndrome, 595
Delphinidae, 3
Divergent Ice Ecoregion, 422–423, 432
Dolphin Protection Consumer Information 

Act, 104
Dolphins, 42
Drive hunts/fishery

bottlenose dolphins, 92
Globicephala melas, 92
Risso’s dolphins, 92
short-finned pilot whales, 92
striped dolphins, 92

Drowning (submersion) traps/sets, 550, 562
Dugongidae, 3
Dugongs. See also Sirenia (sea cows)

boat strike, 305, 323
captive care, 372–374
in captivity, 309
capture-mark-recapture study, 383, 385
enclosures, 370
environmental enrichment and 

conditioning, 373
external injuries, 322
fishery interactions, 327
habitats, 302–303, 335
hand rearing, 373
low metabolic rates, 336
necropsy and training, 301, 302
noise and human activities, 373
ocean chemistry, 338
physical impediments, 323
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population surveillance, 306
protection, 370
rescue and rehabilitation, 375–376
secondary infections, 323
Torres Strait Region, 303
water parameters, 370

Dynamic energy budget model, 436

E
Eared seals and sea lions, 3
Earth’s growing energy imbalance, 12
Eastern Tropical Pacific Tuna-Dolphin Fishery, 

58–59
El Niño-Southern Oscillation (ENSO),  

341, 342
Endangered Species Act (ESA), 575
Energy budget models, 468
Enhydra lutris, 532, 575
Eschrichtiidae, 3
Eubalaena australis, 42
Eubalaena glacialis, 42, 47, 51, 52
European Association of Zoos and Aquaria 

(EAZA), 490, 491
European College of Veterinary Pathologists 

(ECVP), 586
European Endangered Species Programme 

(EEP), 499
Euthanasia, 101, 103, 107, 141, 254,  

258, 596
Exclusive economic zones (EEZ), 449

F
Faroe Islands, 80
Fatness indices (FI), 510, 511
Filter-feeding marine invertebrates, 34
Fin whale, 73, 74
Fisheries

boat strike, 322
coastal development and interactions, 2
drowning, 321
dugong carcass, 326
education and awareness, 321
fish abundance and location, 327
fishing and boating activities, 327
human use, 328
indirect effects, 323–324
types, fishing, 43–44
vessel injury, 322–323

Fishing gear, 536–537
Fixed fishing pot gear, 42
Food availability, 21
Foothold trap. See Leghold traps

Foot snare, 554
Forced asphyxiation, 101
Freshwater dolphins, 42

Cephalorhynchus hectori, 42
Cephalorhynchus hectori Maui, 42
Inia, 42
Lipotes vexillifer, 42
Phocoena sinus, 42
Platanista, 42

Fur seals
entanglement rates, 225, 226, 235–236
polypropylene packaging straps, 225

G
Galapagos fur seal, 33, 230, 234
General circulation models (GCMs), 426, 

430–432, 448, 464
Georgia Aquarium applications, 172–173
Giant otters, 539
Global greenhouse gas emissions  

(GHG), 401
Global warming, 9–10, 19
Globicephala macrorhynchus, 92
Greenhouse effect, 11–12, 430
Grey seals, 230–233
Grey whale, 3
Griseus grampus, 55
Grizzly bears, 447
Group living, 148–150

H
Habitat degradation

cetaceans, 85
pinnipeds

climate change, 242
coastal development, 248–249
energy exploration and  

development, 249
renewable energy development, 249

Halichoerus grypus, 230–233
Hancock live traps, 557
Harmful algal blooms (HABs), 307–308
Harp seal distribution, 22
Heat shock system, 603
Host-parasite dynamics, 347
Human–animal relationship (HAR), 289

anticipatory behaviour, 199
farm species studies, 197
negative and positive welfare, 198–199
welfare measures, 199

Humane slaughter guidelines, 258–259
Humane stunning method, 254
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Human-generated noise
area of impact, 114
sources of, 113

Human-induced rapid environmental change 
(HIREC), 148, 152

Human interactions, sirenian species. See 
Sirenia (sea cows)

Human medicine, 223
Human-polar bear interactions

access-controlled landfill, 403
adversely impacting animal fitness and 

wildlife populations, 400
area conversion, 399
bone piles, 403–404
conflict-related mortality, 400
conflicts, 403
diversionary feeding, 403–405
driving forces, 401–402
economic and social costs, 400
habituation, 402–403
high dietary protein/fat  

requirements =, 400
implications

anthropogenic contaminants, 411
marine debris and fisheries, 410
resource extraction, 406–407
tourism and recreation, 409–410
trans-arctic and local shipping, 408–409

proactive management, 406
terrestrial and marine ecosystems, 399
urban environments and climate-related 

factors, 401
Humpback whales, 47, 53, 54, 72

I
Ice-associated pinniped species, 242
Immobility (termination of movement), 

101–102
Interbirth interval (II), 512
Intergovernmental Panel on Climate Change 

(IPCC), 429–430, 465
International Dolphin Conservation Program 

Act (IDCPA), 104
Isotope dilution, 511

J
Japanese drive hunts, 92–94, 173–174
Juvenile survival, 510

K
Killing methods, dolphin/whale, 77–78

behavioural analysis, video  
documentation, 96

drowning (or submersion) traps/sets, 550

euthanasia drugs, 107
immobility, 101–102
penthrite grenade harpoon, 106
rotating-jaw traps, 549
snares, 549–550
spinal transection method, 95, 96
termination of breathing, 102
vertebral blood vessel damage, 102
video analysis, 96–100, 103–108

Kogiidae, 3

L
Leghold traps, 545–546, 552–553, 555–557
Live-trapping river otters. See Trapping river 

otters
Lontra canadensis, 533, 534, 544
Lontra felina, 532
Low adult survival rates, 510
Lutra lutra, 532, 534, 545, 576
Lutrogale perspicillata, 533

M
Manatees. See also Sirenia (sea cows)

boat strike, 305, 323
bottle feeding, 373, 374
calf nursing, Churami Aquarium, 373
captive care, 309, 361–362, 371–372
features, 305
habitats, 302–303, 335
health assessments captures, 383, 384
health challenges, 376, 377
management, 364, 369–370
ocean chemistry, 338
rescue and rehabilitation, 375

Marine-borne debris, 537–538
Marine debris, 3, 217, 218, 290

detrimental effects, 317
history, 219–221
human use, 328
litter, 32–35
pinniped interactions, severity scoring, 

223–224
plastic usage, 317
sirenians

awareness, 319
entanglement, 318–319
The Florida Aquarium, 319, 320
impacts, 319
ingestion, 317–318

social interactions, 317
Marine Mammal Protection Act (MMPA), 

104–106
Marine mammal strandings

causes of, 145
definition, 138
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in Golden Bay area, New Zealand
Bush End Point, 140–142
Farewell Spit, 142–145
genetic and spatial analysis, 144
Puponga, 139–140
purpose-designed wheeled gantry, 145
survival rates, 145

Marine otters (Lontra felina), 532
Mark-recapture (M-R) sampling design, 

506–507
Megaptera novaeangliae, 42, 47, 53, 54, 72
Mercy killing, 107
Microbead-Free Waters Act, 538
Microplastics, 34
Minke whale, 73, 75
Minland-island meta-population model, 452
Mirounga leonina, 228
Modified leghold traps, 546, 547
Monk seal, 229–230
Monodontidae, 3
Multi-year physical M-R methodology, 507
Mustelidae, 3
Myoglobin (Mb), 595

N
Narwhal and beluga, 3
National Ice Center (NIC), 514
National Snow and Ice Data Center  

(NSIDC), 424
Natural climate variability, 467
Naturally occurring events, 10
Neomonachus schauinslandi, 33
Neophoca cinerea, 228–229
North American Model of Wildlife 

Conservation (NAM), 564
North Atlantic right whales (NARW), 42, 50–52, 

56–58, 68, 69, 154, 194–195
North Atlantic Treaty Organization (NATO) 

exercises, 589
Northern whales, 72

O
Ocean

acidity, 19–21
chemistry, 11
dolphins, 3
noise

acute vs. chronic effects, 119
belugas, 119
decompression sickness, 115
diffuse congestion and  

hemorrhage, 114
fuel efficiency, 119
harbour porpoises, 117

hearing loss, 116
impaired development and body 

malformations, 119
Marine Vibroseis, 119
mid-frequency antisubmarine warfare 

sonar, 114
narwhals, 119
population measures, 116
porpoise biosonar activity, 117
shorter-term reactions, 118
solutions, 119–121
sound energy airguns, 120
stress, 117
technological developments, 120
temporary threshold shifts, 116

oxygen concentrations, 17–19
Odobenidae, 3
Odontocetes, 42
Oikomi method, 92
Ondatra zibethicus, 563
Optimal habitat

observed changes, 428–429
projected changes, 432–433

Orca captures, 161, 174
Otariidae, 3
Otter welfare effects, 3

bacterial and viral diseases, 535–536
distribution, 532
heavy metals and organic compounds, 535
human disturbances, 538–539
infection, 536
oil, 532–535
parasite, 536

P
Pagophilus groenlandicus, 22
Paris Climate Agreement, 466
Passive microwave (PMW), 424, 427
Persistent organic pollutants (POPs), 535

adult female harbour porpoises, 31
food chains, 29
global contamination, 30
health status, 30
organochlorine pollutants, 30
pathological findings, 30
polychlorinated biphenyl concentrations, 

29, 31, 32, 36
reproductive health, 29
sexual maturity, 30
tissue concentrations, health concerns, 29

Phoca hispida, 22
Phocidae, 3
Phocoena phocoena, 55
Phocoenoides dalli, 92
Physeteridae, 3
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Physeter macrocephalus, 587
Pinnipeds, 33

abundance, 244
animal-based welfare measures, 277–284
animal entanglement and ingestion  

rates, 219
behavioural ecology, species-specific 

knowledge, 275
captivity (see Captive welfare)
climate change-induced habitat loss, 

243–244
disease and contaminants, 247
distribution and migration, 244
entangled debris, 217
fishing equipment, 215
habitat loss

climate change, 242–244
coastal development, 248–249
energy exploration and development, 

249
renewable energy development, 249

harp seal, 244, 245
human activity, 253
human development and traffic, 248
input/resource-based measures, 276–277
live juvenile grey seal, 216
marine debris, 217, 218
marine plastic, 217, 219–223
mating systems, 276
nutritional stress, prey availability, 

246–247
plastic waste impacts, animal welfare, 

222–223
population control practices, 275
sea levels, 247
sea lion welfare, 275
severity scoring, 223–224
storm activity, 247
walruses, terrestrial haulouts, 246
welfare assessment (see Animal welfare 

science)
Plastic revolution, 32
Polar Basin Convergent Ecoregion  

(PBCE), 398
Polar Basin Divergent Ecoregion (PBDE), 

398–399
Polar bears, 3, 22

Archipelago Ecoregion, 422
biologically productive continental shelf 

waters, 398
and climate change

aboriginal harvest, 483
conservation hunting, 484
cultural harvest, 483
precautionary approach, 483

reductions/elimination, 483
sea ice habitat, 482
sustainable harvest, 483

conservation and cultural icon, Arctic, 398
ecoregions, 398–399
habitat loss, 433–438
harvesting

DLP kills, 478
drying, in Resolute Bay, 478, 479
exporting, 478
historical context, 476–477
human-caused removals, 478
legal international trade, 478, 480
science-based management, 480–482
sport, 478

hunting modes, 420, 421
sea ice selection

anomalies, 427–428
broad-scale spatial and temporal 

characteristics, 423
climate models, 430
IPCC, 429–430
observed changes, 428–429
projected changes, 432–433
RSFs, 423, 425
satellite radiotelemetry, 423, 424
SIC, 424, 426–427

Seasonal Ice Ecoregion, 420
subpopulations, 420, 422

Pollution issues
agricultural and industrial wastes, 28
marine debris/litter, 32
marine noise, 28
mosquito vectors, malaria, 28
oil spills, 28
pesticides, 28
radioactive substances, 28
sewage, 28

Porpoises, 3, 42
Procyon lotor, 563
Pseudo-nitzschia, 536
Pteronura brasiliensis, 539
Public Trust Doctrine (PTD), 564, 566
Pygmy and dwarf sperm whales, 3
Pygmy right whale, 3

Q
Queensland Shark Control Program, 321

R
Red deer, 104
Regional and international studbook  

databases, 497
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Representative concentration pathways (RCPs), 
14, 23, 24, 430, 431, 464–469

Resource selection functions (RSFs), 422, 
425–427

Restraining traps, 560–561
cage traps, 547
leghold traps, 545–546
modified leghold traps, 546, 547
snares, 547
suitcase-type traps, 547–549

Revised management system (RMS), 77
Rhabdomyolysis, 595
Right and bowhead whales, 3
Risso’s dolphins, 92
Rorquals, 3
Rotating-jaw traps, 549, 561

S
Salinity patterns, 16, 17
Satellite radiotelemetry, 423, 424
Seabirds, 33
Sea ice concentration (SIC), 424, 426–427
Sea lions, 3
Seals, 3, 33
Sea otters, 532
Seasonal Ice Ecoregion (SIE), 399, 420
Sea surface salinity (SSS), 16, 17
Sea surface temperatures (SSTs)

aggressive mitigation, 16
centennial sea surface warming, 13
chronic warming, 15
climate models, 15
earth’s growing energy imbalance, 12
greenhouse effect, 11–12
mitigation pathway, 16
ocean warming rates, 12
RCPs, 14
seasonal and interannual variation, 14

Sei whales, 72
Semiaquatic mammals

otters, 3
polar bear, 3

Sex-and age-specific survival (and mortality) 
rates, 509

Shooting methods, commercial sealing, 
260–264

Short-finned pilot whales, 92
Shortwave radiation, 10
Sirenia (sea cows), 3

captive populations, 309
care management, 363, 378, 379
contaminants, 308
cultural significance, 324
Dugongidae (see Dugongs (Dugong dugon))

dugongs and manatees management, 
362–363

evolutionary history, 302
fisheries impacts (see Fisheries)
flood control structures, 306–307
food source, 300
gillnets and fishing traps, 326
global climate change, 309
global facilities, 363–368
habitat loss and climate change

algal blooms, 344–347
Amazonian manatee feeding  

ecology, 344
anthropogenic responses, 347, 351
coastal ecosystems, 349–350
coastal flooding, 349–350
fishing and hunting pressure, 348–349
food insecurity, 348
habitat loss and change, 342–344
host-parasite dynamics, 347
hydroelectric damming, Amazonian 

manatees, 350
industrial warm-water refuge, Florida, 

350, 351
land management, 350
morphological and physiological 

capacity, 336
natural and industrial sources, 350
ocean chemistry, 337–338
ocean stratification, 335
precipitation patterns, 340–341
rainfall patterns, 340–341
sea-level rise, 336–337
severe storms, 343
shoreline erosion, 349–350
surface salinity, 335
temperature increase, 335–336
waste and ecosystem, 350
water management, 350
water pollution, 349–350
weather intensity, 338–340

health care, conservation concern, 360–361
housing and habitats, 363–364
human interactions

animal welfare concerns, 303
fishing operations, 303–304
hunting and commercial exploitation, 

302–303
manatee enforcement zone, 310
positive influences, 310
watercraft strikes, 304–306

illegal hunting and poaching, 325
infectious anthropogenic diseases, 

307–308
lock gates, 307
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Sirenia (sea cows) (cont.)
manatee-associated deaths, 306
marine debris impacts (see  

Marine debris)
metric systems, 378
necropsies, carcasses, 301–302
pollution and toxins, 308
protection and conservation, 311–312
Singapore Zoo manatee, 363, 368–369
social structure, population, 309–310
species specific needs, 377
Trichechidae (see Manatees)
water salinity, 369
welfare principles, 376
wild populations

captive animals, 386–388
environmental enrichment, 388
global climate impacts, 383
habitat and human impact, 382
indirect assessment, 382–383
live stranding of animals, 386
natural dominance behaviors, 388
natural environment, 390
rehabilitation, 386
research, 389–390
welfare assessment, 383–386

Small cetaceans management, 79
Small toothed whale hunt

behavioural analysis, 96
dolphin skeletal and soft tissue, 96, 99
mirror self-recognition, 108
vertebral blood vessel damage, 100
video analysis, 96–98, 100, 103–108
welfare analysis, 100–103
wooden plug, killing process, 96, 99

Snares, 547, 549–550
Sociality, cetacean welfare

anthropo-dependence, 154
behavioural traits, 151
cognitive processes, 156–157
disturbance from vessel activity, 154
extrinsic and intrinsic factors, 148
human influences and welfare, 156–157
learning and information, 151
morality and welfare, 155–156
and ocean noise, 152–153
play behaviour, 154–155
pollution, 153–154
tail-walking behaviour, bottlenose  

dolphin, 155
welfare issues, hunting and by-catch, 153

Southern Beaufort (SB) sea, 402
Southern elephant seals, 228
Species Survival Plan (SSP) program, 499
Sperm whale, 3

Spinal cord transection technique, 95, 96, 102
Stenella coeruleoalba, 92, 587
Stenella frontalis, 587
Stress response, 586
Striped dolphins, 92
Suitcase-type traps, 547–549

T
Termination of breathing, 102
Thermal stratification, 22
Time-dependent stress response, 603
Toxic algal blooms, 536
Toxoplasmosis, 536
Trapping river otters

and animal welfare standards, 545, 550–551
captured otters

hancock live traps, 557
leghold traps, 555–557

for fur
AFWA, 565
BMP, 565–566
bodygrip traps, 561
conservation-industrial complex, 564
drowning traps/sets, 562
Iron Triangle, 563
killing captured animals, 561, 562
NAM, 564–565
restraining traps, 560–561
TWS, 565
unintended captures, 562–563

outcomes, 558
for research and conservation

cage-type traps, 554, 555
foot snare, 554
Hancock trap, 548, 553–554
leghold traps, 546, 552–553
standard carnivore traps, 555

Trichechidae family, 3
Trichechus inunguis, 300
Trichechus manatus, 300
Trichechus senegalensis, 300

True seals, 3
Turtles, 33

U
Ubiquitin, 602
Uncertainty

Arctic sea ice extent, 464
ecological and behavioral uncertainties, 

469–471
forecasting, 468–469
models, 466–467
primary sources, 467–468
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Ursidae, 3
Ursus americanus, 405, 519
Ursus maritimus. See Polar bears
USFWS Polar Bear Oil Spill Response Plan, 500

V
Veterinary pathology

animal welfare
active strandings, 593, 594
capture myopathy, 595–597
demand for adaptation, 593
homeostasis, 593
myoglobin, 595
passive strandings, 593
stress/adaptive response, 594–595

anthropogenic causes, 587–588
beaked whales mass stranding and MFAS

acute gas and fat embolic lesions,  
590, 593

behavioural, acoustic and physiological 
responses, 588–589

Cuvier’s beaked whales beaching, 
589–590

decompression sickness, 591
haemorrhages, 590, 593
heart, 590, 592
in vivo bubble formation, 590–591
mathematical models, 592
sound, 588
subcutaneous tissue, 590, 592
temporary auditory damage, 592
theoretical models, 592

cetacean neuroanatomy
brain, 597–598
brain heat shock proteins, 602–603
c-fos gene expression, 602
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