Chapter 19
Research Techniques Used in the Study
of Social Wasps
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Robert L. Jeanne and Benjamin J. Taylor

Abstract This overview describes and evaluates research methods used in the
study of Neotropical social wasps. The emphasis is on field techniques; laboratory
and museum procedures and detailed analytical methods can be found elsewhere.
The first part of the chapter addresses techniques for working with collected materi-
als. Topics include studies of biodiversity (wasp species richness and abundance),
locating colonies in the field, collecting and preserving individuals and whole colo-
nies, and a look at data obtainable from collected colonies. The second part covers
procedures for working with live individuals and colonies in the field, including
anesthetization, marking adults for individual recognition, uses of video recording,
how to study foraging behavior and nesting behavior, and the bioassaying of phero-
mones. A section follows on manipulating active colonies for special purposes,
which covers how to measure age polyethism, colony productivity, egg-to-adult
development time, suggestions for working with epiponine swarms, and a look at
the pros and cons of working with artificially housed colonies. The final section is a
brief assessment of what to expect in the coming years by way of improvements in
hardware and software relevant to the field.
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19.1 Introduction

In many fields of science, major advances are often enabled by the application of
new methods or approaches. This may come about either via new technological
advances (e.g., the development of the electron microscope led to major advances in
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cell biology) or in the application of theory developed in one field to facilitate gains
in another (e.g., application of economic theory to ecology). Although perhaps more
modest in scope and scale than these examples, the same can be said for the study
of the behavior and ecology of the social wasps. Technological innovations of many
kinds have led to advances in our understanding of this group. The use of video
recording and digital photography, for example, has enabled analysis of behavior at
levels of accuracy and detail that are impossible with direct observation. The size
and cost of camcorders continue to decline, while the quality of output has advanced
to the point where high-definition recording is now the norm.

It is with this in mind that we believe a review of methods and technology used by
wasp researchers will be of use, especially to students just entering the field. It is often
the case that an innovation developed and applied by an author may remain obscure,
despite having the potential to facilitate the work of others. Our aim here is to assem-
ble in an organized way the techniques that have been found useful by those working
with Neotropical social wasps. Some of these are high-tech, but others are simply
shortcuts or practical solutions that we, and others, have found useful. Our hope is that
such a compilation will not only serve as a useful reference, but will stimulate a more
conscious attention to methods, which may in itself lead to new and useful techniques.

Although some earlier authors have described methods for taking nests (Rau
1933; Richards and Richards 1951), to our knowledge there has been no comprehen-
sive review of research techniques useful in the study of tropical wasps. Spradbery
(1973) and Edwards (1980) provide detailed methods applicable to the study of
vespine biology, some of which are adaptable for use with polistines. Here we limit
our coverage to methods useful in the study of tropical social wasps. Techniques
used in studies of temperate-zone species are included if they may be of use for
tropical species. Our focus is on field techniques; specialized laboratory methodol-
ogy, such as chemical analyses and genomics and proteomics, which can be found
elsewhere, are not included. The same goes for methods of controlling wasps as
pests. We rely heavily on our own experience with what we have found to work, and
readily acknowledge that others would likely put together a different account. Thus,
we apologize in advance for any expectation that this compilation is complete.

The account below starts with conducting surveys, moves on to the collection of
individuals and whole colonies, then to what can be learned from collected colonies.
We next focus on how to work with active colonies in the field, including experi-
mentation as well as observation. Finally, we discuss the manipulation of colonies
to achieve special aims.

19.2 Survey Methods

19.2.1 Biodiversity Studies

Studies on social wasp diversity and abundance have appeared at an accelerating rate
over recent decades, with 78 cited for Brazil alone from 1982 to 2015 (see Barbosa
et al. 2016 for a meta analysis; see also Jacques et al. 2018). When the primary



19 Research Techniques Used in the Study of Social Wasps 339

purpose is to determine the species occurring in a region or habitat, a combination of
methods will lead to the most complete inventory (De Souza et al. 2011). These may
include line censuses—visual searches for individuals and nests along forest edges,
roadsides, trails, streams, or an artificial transect (Corbara et al. 2009), malaise trap-
ping (Silveira 2002), light trapping (Aragdo and Andena 2016), and sampling of
foragers feeding at flowers (Silva-Pereira and Santos 2006), ripe fruit (Dvoidk and
Landolt 2006), or carrion (Silveira et al. 2005). Of the 11 methods used in such sur-
veys (Barbosa et al. 2016), intensive active searching for individuals in all microhabi-
tats typically yields the greatest number of species, with traps baited with sugar
solutions coming in second (De Souza et al. 2011; Jacques et al. 2018). In some
studies, malaise and bait traps have taken species not obtained by the other methods
used (Barbosa et al. 2016; Jacques et al. 2018). Baited traps tend to be more effective
at sampling swarm-founding than independent-founding species (Jacques et al.
2018). Sugary baits, especially sugarcane molasses, are more effective than fruit
juices and much more effective than protein baits, with the latter attracting primarily
the carrion-feeding species (Jacques et al. 2018). Baiting by spraying a solution of
sugar and salt on vegetation and checking those sites frequently is a relatively easy
means of enhancing the numbers caught by active searching (Noll and Gomes 2009).
The nocturnal genus Apoica is best sampled with light traps (Aragdo and Andena
2016). For as complete a list of species as possible, a combination of sampling tech-
niques, including active search for nests, sweep netting of foragers, baiting and trap-
ping (De Souza et al. 2011), and canopy sampling by fogging with a knockdown
insecticide (Bliithgen and Stork 2007) is recommended. Not surprisingly, the number
of species taken by sampling, as a fraction of the total species occurring in the sam-
pled area, rises with the number of person-hours spent searching and the number of
months of the year sampled (Somavilla et al. 2014; Barbosa et al. 2016).

A usual final step in reporting species-richness surveys is to apply some estimate
of how close the sample comes to being a complete list of all the species occurring
in the sampled area. The software EstimateS (Colwell 2013) has been used in a
number of recent surveys of Neotropical wasp species diversity (e.g., Corbara et al.
2009; Barbosa et al. 2016). However, EstimateS is no longer being updated and the
most recent version (9) does not run fully under current versions of Mac and
Windows operating systems (Colwell 2013). More recently developed tools for esti-
mating species richness include SpadeR and others that use the powerful R lan-
guage (Chao and Colwell 2017). These are available for download from Anne
Chao’s website (Chao 2019). Other estimators abound, and have been used by other
authors (e.g., Silva-Pereira and Santos 2006; Gomes and Noll 2009; Melo et al.
2015; Jacques et al. 2018).

19.2.2 Avoiding Bias

If the goal is more than just a species list, but an accurate estimate of the relative
abundance of each wasp species in a habitat or region, the potential for bias using
each of the above methods must be carefully considered. Care must be taken to
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sample the range of habitats occurring in the region (e.g., ground level, understory,
canopy, undisturbed vs. disturbed, primary vs. secondary forest, urban vs. natural).
Sampling should be done over a wide area. Active searches for nests are likely to
have a higher success rate with species whose nests are large and conspicuous than
with those with small and/or cryptic nests. Searches and bait trapping close to large
colonies may bias numbers in favor of those species.

19.3 Finding Colonies

Other than surveys, most studies of social wasps begin with locating colonies. If the
goal is simply to find enough colonies of a target species to work with, several tech-
niques are appropriate, varying from the haphazard to highly structured/organized
searches. Active visual search in the species’ preferred habitat is the most practical
method and can work for most species. Polybia occidentalis nests are readily found
in low shrubs and trees in pastures and along fencerows and roadsides (O'Donnell
and Jeanne 1992; Schueller et al. 2010). For species that utilize narrowly specific
nesting substrates or sites, searches can focus on such places. For example,
Angiopolybia pallens frequently nests under the broad leaves of low plants in the
forest understory, and Polybia rejecta, Synoeca virginea, and Agelaia myrmecophila
typically nest in close association with the large carton nests of the ant Azteca spp.
(Jeanne 1991). For species that are specialists nesting on myrmecophilous plants,
the most efficient approach is to search for those plants. Other species are synan-
thropic, nesting on human constructions (e.g., Jeanne 1972). Metapolybia, for
example, nests on flat surfaces and can often be found on buildings.

For species that form large colonies but are rare, or nest in cavities or high in
trees, the lining technique may be useful. Lining has long been used to locate colo-
nies of honey bees (Visscher and Seeley 1989). To locate a colony using this tech-
nique, one or more bees foraging at flowers are first captured in a box and allowed
to feed on a rich, anise-scented sugar syrup inside the box. As the bee exits, the
bearing of its departure toward the nest—the “beeline”—is noted. Repeating this
step after moving along the beeline can eventually lead to the nest. Triangulation—
plotting (e.g., on a Google Earth map) the intersection of bee lines taken from two
or more capture points—can help pinpoint the nest location. Applied to wasps, this
technique can take advantage of the attraction of many species to fermenting fruit
and to carrion (Fig. 19.1). If foragers feeding on a fruit patch depart to the north,
some of the fruits, with foragers on them, can be moved some distance in that direc-
tion, perhaps in a box. After they depart, the bearing is adjusted based on the new
flight path and the process is repeated. With luck, one or more such steps will bring
the observer within sight of the nest. If the surroundings are in low light (e.g., forest
understory), chilling the wasp on ice, then tying a few centimeters of white thread
around the wasp’s petiole can extend the distance of visual contact. As the wasp
regains mobility and flies toward the nest, the trailing thread provides a visual cue
that can be seen for a greater distance than the wasp alone. It also reduces the wasp’s
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Fig. 19.1 Synoeca
septentrionalis foraging on
guava fruit. (Photo: R. L.
Jeanne. Costa Rica)

flight speed so that the observer can run along with it for a distance, thereby getting
closer to the location of the colony. A modified version of this technique is tradition-
ally used in Japan to locate vespine wasp nests (Saga 2019). Instead of flagging the
wasp itself, thread is tied to pieces of carrion small enough to be carried by a for-
ager. When a wasp picks up the flagged carrion, the thread provides the extra visual
cue, as above. To our knowledge, this technique has not been tried for tropical
wasps, but it could be useful for Agelaia, Angiopolybia, and Polybia that feed on
carrion (Jeanne and Taylor 2009).

A useful strategy for locating colonies in urban areas is to place advertisements
in local newspapers or online classifieds offering free removal of colonies from
homeowners’ properties (Hastings et al. 1998). If a particular species is being
sought, including a picture and description of the wasp and nest structure with the
advertisement can improve success. However, the researcher must be ready to deal
with a potentially large volume of responses and to take on the time and travel
needed to follow up on each. It is good practice to provide the homeowners with an
information sheet describing the methods they can use to remove a nest, in the event
that their wasps are not the species needed.

19.4 Collecting Wasps

19.4.1 Collecting Individuals from the Nest

If only one or a few individuals from a nest are required for identification, foragers
can be captured as they leave or approach the nest, provided enough nearby open
space is available to swing a net. If not, the rim of the net can be placed gently
against the nest until a wasp crawls onto it to inspect it. The net is then slowly pulled
away from the nest and into an open area, and when the wasp eventually flies to
return to the nest, it is swept into the net. It can be moved to the tip of the net by
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exploiting the tendency of a trapped wasp to move upward and toward light. Once
there, it can be captured by forcing it into an open vial pushed up inside the net.
When it is knocked into the vial, the vial is stoppered.

19.4.2 Collecting Whole Colonies

If the goal is to capture the entire adult population, the nest must be taken at night,
when most or all of the foragers are inside (except, of course, for the nocturnal
genus Apoica).

For species nesting on leaves or twigs, it is often possible to collect the entire
nest and its adults by enclosing it in a sturdy transparent plastic bag. If dense vegeta-
tion surrounds the nest, this can be clipped away a few hours in advance of collec-
tion to provide unhindered access. Without disturbing the colony, the opening of the
plastic bag is brought up around the nest and sealed tightly around the supporting
twig proximal to the nest with a wire tie. The twig is then clipped. Following collec-
tion, care must be taken to prevent the formation of water droplets due to condensa-
tion inside the bag, lest wasps be lost to drowning. A few sheets of crumpled paper
toweling inside the bag will help. If the adults need to be killed, a wad of cotton
soaked in ethyl acetate or chloroform can be dropped into the bag. Colonies so cap-
tured can be stored in a refrigerator and the adults will remain fresh enough for
dissection for about a day. If the wasps need only be anesthetized, a plastic snap-cap
vial with holes in the top and containing ether-soaked cotton can be placed in the
bag (wasps are killed by direct contact with ether-soaked cotton).

Species nesting on solid substrates present a different challenge. If the nest car-
ton is sturdy (Synoeca, Chartergus, Epipona), the entrance can be plugged with a
tight wad of cotton, which is then soaked with chloroform or diethyl ether. After the
buzzing stops, the bottom of the carton can be carefully opened and the anesthetized
adults dropped into a plastic bag. For more fragile nests (Metapolybia, Clypearia),
the opening of a plastic bag can be tacked tightly around the nest at night. A small
amount of anesthetic is then injected via hypodermic through the bag and the nest
carton to subdue the adults. (Extreme care must be taken when storing and working
with these chemicals. Ether is flammable and the fumes are explosive. Inhaling
chloroform can cause fatigue, dizziness, and headache; elevated doses may damage
the liver and kidneys.)

Colonies nesting in cavities can be anesthetized by stuffing a wad of cotton
tightly into the entrance at night, then soaking it with diethyl ether or chloroform.
After activity ceases, the nest can be excavated.

Collecting nests high in trees requires ingenuity. One of us collected a large nest
of Agelaia areata from a height of ~20 m in a tree in Mexico (Jeanne 1975b). The
large branch bearing the nest was carefully cut during the day and left suspended
from a rope. By late afternoon, the adults had settled down and were on or inside the
nest. After dark, the branch was slowly lowered on the rope to a point 1 m above the
ground, where the nest was collected in a plastic bag.
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One of us used a specially rigged net to collect a nest of Chartergus artifex and
its adults from a height of about 7 m (R. L. Jeanne, unpublished). The metal rim of
a standard insect net was removed and replaced with an elastic band (a chain of
sturdy rubber bands) that constricted the net opening to about 10 cm; 3-cm loops of
string were tied around the elastic at four points around the net, and each was passed
through a hole in the side of a 50-cm square frame made of light wood. Each loop
was held in place by a nail, stretching the net open. At night, the frame, mounted on
a bamboo pole, was brought up around the nest and the nails were simultaneously
pulled via a lanyard, releasing the string loops and allowing the net to snap tight
around the middle of the nest. The branch bearing the nest was cut the next morning
and lowered to the ground.

19.4.3 Preservation

The preservation of collected material falls into several categories, depending on its
end use. Wasps collected for museum specimens or taxonomic studies, such as
those used to study morphological variation within a colony, can be collected and
preserved according to standard entomological techniques (i.e., dry-pinning, or
preservation in Kahle’s or Dietrich’s solution and storage in 70% alcohol). These
methods are described in a variety of entomological texts (e.g., Arnett Jr. 2000;
Johnson and Triplehorn 2004).

Preservation for molecular analyses requires special procedures in order to main-
tain the integrity of the molecules to be analyzed. Generally, this means storage at
—20°C or lower for DNA analysis and —80°C for RNA and protein work. Roskens
et al. (2010) studied the proteins and enzymatic activity of adult and larval wasp
saliva and found that placing samples on dry ice and storing them at —80°C pro-
tected the integrity of their material. They also developed desiccation methods
wherein the samples were dried via silica beads or Drierite (W.A. Hammond
Drierite, Xenia, OH), with SDS or protease inhibitors added. They were able to suc-
cessfully preserve the proteins and enzymatic activity of these desiccated samples
for up to 3 weeks at 37°C (Roskens et al. 2010). These techniques facilitate the
study of proteomics in non-model species, which typically are not kept in labs and
must be collected in the field.

19.5 Working with Collected Colonies

In a series of landmark monographs, O. W. Richards (Fig. 19.2) showed how much
could be learned about the biology of Neotropical wasps by quantitative analyses of
the adults, brood, and nests of collected colonies (Richards 1945; Richards and
Richards 1951; Richards 1978). These works generated questions that stimulated a
great deal of new work over subsequent decades. They remain useful references today.
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Fig. 19.2 O. W. Richards with his wife, Maude J. (Norris) Richards, holding a nest of Chartergus
artifex on the grounds of the Museu Paraense Emilio Goeldi, Belém, Para, Brazil, 1968. (Photo:
R. L. Jeanne)

19.5.1 Adults

The most basic information that can be taken from a collected colony is the size of
the adult population, broken down into males and females. If the colony is collected
at night with no escapees, the totals are especially valuable. Dissection of all the
females (or a large random sample) can yield a wide range of data, including the
number of queens, their degree of ovary development, and the presence of
endoparasites.

Dissection to detect insemination, a marker of queens, is most quickly done with
fresh material. The terminal gastral segment is grasped with watchmaker’s forceps
and pulled out, bringing the gut, ovaries, sting apparatus, and spermatheca with it.
Care must be taken not to confuse the spermatheca with the venom sac; the sperma-
thecal duct opens dorsally into the common oviduct, whereas the larger and visibly
muscular venom sac ducts to the base of the sting. Under low magnification (dissec-
tion microscope or strong hand lens), an opaque, pearly mass in the center of the
otherwise clear spermatheca indicates a sperm load; an empty spermatheca is clear
throughout (Murakami et al. 2009). In preserved material, the tissues of the sperma-
theca become opaque and the sac must be crushed on a microscope slide and exam-
ined with a compound microscope to detect the presence of sperm, a more
time-consuming process (Reed et al. 1988).

Degree of ovary development can be assessed with the same dissection. For the
epiponines, if the colony is in an early stage of development, it is likely to have
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many queens, each with slight ovary development. Presence of one or more mature
eggs (i.e., at or close to the size of a laid egg) is good evidence that the female is an
active egg-layer. A number of authors have quantified the degree of ovary develop-
ment among females; excellent recent examples include Murakami et al. (2009) and
Desuo et al. (2011).

Unless the species is one with clear queen—worker dimorphism, queens will be
reliably recognizable only through dissection to check for insemination and devel-
oped ovaries. In later stages of colony development, when the number of queens has
been reduced, their greater ovary development may be recognizable by a gaster that
is visibly swollen and, in at least some species (e.g., Polybia occidentalis, P. seri-
cea), chocolate-brown in color as opposed to the jet black of workers and young
queens. A caveat: a heavy load of gregarine gametocysts can swell the gaster of a
worker to a deceptive, queen-like size (Bouwma et al. 2005); only dissection will
determine whether queens can be reliably recognized externally.

Presence of endoparasites can also be revealed via dissection of the gaster.
Gregarine parasites in the gametocyst stage are sometimes found in the gasters of
infected adults, where they appear as one or more (sometimes >100) white spheres
in the body cavity. Heavy infestations can reduce the productivity of a colony
(Bouwma et al. 2005). The range of polistine wasp species subject to infection by
these protozoan parasites is poorly known. Nothing is known about how the wasps
become infected or how the parasites disperse from their hosts.

Body size is a descriptive species statistic of considerable value to ecological and
sociobiological studies of social wasps, but has unfortunately been underappreci-
ated. Among the measures used are full body length, various measures of the thorax,
and length of the forewing or part of it. In the interest of facilitating cross-species
comparisons, we advocate adoption of a standard measure. For the following rea-
sons, we strongly recommend the full length of the forewing: (1) it is unambigu-
ously measured, unlike full body length that can vary depending on the degree of
flexure of the gaster in preserved specimens; (2) because it is a two-dimensional
structure it is not subject to potential errors introduced when the two ends of a three-
dimensional structure are in different planes of focus under a dissection microscope;
(3) it is the longest nonarticulated part of the body, thereby minimizing measure-
ment imprecision; (4) it is a part of the thorax, the tagma that varies least among
female castes (Jeanne 2003); (5) it is the most widely used measure of body size in
the social wasp literature (see chapter 2, this volume). Richards (1978), for exam-
ple, reported full wing length, measured from the center of the tegula to the tip of
the wing, for 86 Neotropical polistine species. In contrast, in a number of other
studies, some subdivision of the wing is measured. We can think of no advantage of
this over the full wing. While it is true that in older workers the wingtip may be
frayed, in our experience this is a rare occurrence.

A number of morphometric studies of caste differences have appeared in recent
years (e.g., Noll and Zucchi 2002). Most of these make use of ten or so measure-
ments of the head, thorax, and abdomen, but often differ in the details. Again, for the
sake of enabling cross-species comparisons, it would make sense to standardize
these measures.
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Body weight, fresh or dried, is an alternative measure of body size that is more
useful in certain kinds of studies, such as measures of colony productivity (e.g.,
Bouwma et al. 2006).

19.5.2 Brood

To a greater extent than the adults, the brood in the nest embodies a record of the
colony’s developmental history. The age of the colony in number of generations of
brood, measured as the egg-to-adult development time in days, can be estimated
from the distribution of brood stages in the combs (Richards and Richards 1951). In
a recently founded nest, if the oldest comb has a central mass of pupae, with one or
two central (oldest) cells having recently produced an adult, the nest is just over one
developmental period (or “generation”) old. If the central mass of pupae is sur-
rounded by open cells of eggs and larvae, and beyond these by a ring of pupae, the
nest is just over two periods old (Fig. 19.3). By examining in this way the distribu-
tion pattern of eggs, larvae, and pupae across all the combs of the nest, it is possible
to estimate age for up to about three periods. Beyond that, the distribution pattern
becomes increasingly irregular, and therefore unreliable as an indicator of age, due
to the accumulating effects of brood mortality and interindividual variation in devel-
opment time. For such older colonies, careful inspection of the oldest cells in the
nest can reveal how many times those cells have been used to rear an immature to
the pupal stage. Prepupae spin a silken cocoon before they pupate, then void their
hindgut contents (meconia) into the bottom of the cell. In some species the silk
network at the bottom of the cell is substantial enough that longitudinal sections
through the cell bottom will reveal, under magnification, how many layers of
meconium-on-silk layers there are. Because meconia are often pasted off-center at
the bottom of the cell and thus some may be missed by the cut through the cell, it is
critical that a sample of cells be sectioned. An alternative approach is to peel away
the cell’s carton from around the stacked meconia, then carefully tease them apart
to determine their number. If ten cells are sampled and found to contain 6, 6, 6, 6, 6,
6, 6, 5, 5, 4 meconia, the nest is at least six brood generations old. Cells with fewer
than six housed one or more brood that failed to survive to pupation.

The number of larval instars characterizing a species can be determined by mea-
suring the maximum width of the head capsule of a sample of larvae (e.g., Rocha
and Giannotti 2016). For epiponines it is most convenient to do this under a dissec-
tion microscope with fresh-killed larvae still in their cells. If the sample is large
enough, the number of peaks in the plotted size-frequency distribution will clearly
indicate the number of instars.

For some studies it is useful to report the population of brood in a nest. The
amount of brood can be quantified either by counts (numbers of eggs, larvae, pupae)
or by biomass. For colony productivity studies, total dry mass of brood is the most
direct measure of total colony output. All brood are removed from their cells, stored
in a preservative, then dried and weighed (Jeanne and Nordheim 1996).
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Fig. 19.3 Polistes instabilis. The nest grows downward from its attachment at the top, so the age
of the brood decreases downward. Thus, the cells in the larger mass of pupae and below contain
brood of the first generation (i.e., first use of those cells for rearing brood). Cells above that contain
brood of the second generation (second use). The few opens cells at the very top contain young
brood of the third generation. Thus, this nest is slightly greater than two egg-to-adult developmen-
tal periods old. (On the twig to the left of the nest is a katydid (Ancistrocercus sp.), with the anten-
nae of a second one visible top right. These tettigoniids presumably gain some protection from
predators by roosting near wasp nests during the day.) (Photo: R. L. Jeanne. Costa Rica)

19.6 Working with Active Colonies

It is our experience that techniques developed for working with active colonies of
one species often do not work well for others, even congeners, and have to be modi-
fied. It is our hope that the procedures described below will nevertheless provide
useful starting points for those wishing to apply them to little-studied species.

19.6.1 Gaining Access

Other than mating behavior and work with foragers at food sources, investigations
into the social behavior of wasps require close access to active colonies. If the nest
is in an inconvenient location—too high, over water, etc.—it can often be moved.
Over many years of working with Polybia occidentalis, we have routinely trans-
planted nests to shaded positions in low vegetation about 1.5 m above the ground,
where they can be observed close-up at eye level by an observer sitting in a field
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Fig. 19.4 R. L. Jeanne observing behavior of Polybia occidentalis at the nest (visible just under
the black spring-clip holding the sunshade). Paint pens are visible in the toolbox next to the chair.
Guanacaste, Costa Rica, 2006. (Photo: K. J. Loope)

chair (Fig. 19.4). The nest is prepared for moving by clipping vegetation around it,
then the twig bearing the nest is clipped at night and carried (typically over several
tens of meters) carefully to its new location and wired, zip-tied, or spring-clipped
into place on a twig previously prepared to receive it. We have found for this species
that enclosure in a plastic bag is unnecessary during the move, as long as care is
taken not to excessively jar the nest or bash it against passing vegetation during
transport (exception: if the nest is moved a long distance or in a vehicle, bagging it
is prudent). Even gentle jarring of the nest may cause some adults to emerge onto
the envelope and the supporting twig, but they will not fly at night (Schueller et al.
2010). However, because wasps will fly up a flashlight beam in the dark, artificial
white light must be kept away from the nest until it is at its new site. Wasps do not
see into the red portion of the spectrum (Peitsch et al. 1992), so a flashlight or head-
lamp that produces red light allows the collector to see, yet prevents the wasps from
flying. After the nest is attached to the twig, Tanglefoot® can be applied to the base
of the twig to prevent predation by ants (Schueller et al. 2010).

For nests that cannot be moved—e.g., Synoeca and others built high and/or on
solid surfaces—the observer must be moved to the nest. Naumann’s use of free-
standing scaffolding platforms allowed him to reach the high nests of Protopolybia
acutiscutis that typically were constructed at the tips of flexible branches or palm
fronds (Naumann 1970). One of us (RLJ) used the same system to reach similarly
situated nests of Ropalidia romandi in Queensland, Australia.

Once close access to the nest is in place, care must be taken to avoid disturbances
that might alarm the colony. Three stimuli cause alarm: mechanical disturbance,
human breath, and alarm pheromone (a component of venom). Alarmed workers
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will fly at and attempt to sting nearby moving objects, especially dark-colored ones
(Jeanne 1981a). Jarring the nest can be avoided by taking care to eliminate any
contact by the observer with the substrate bearing the nest. The risk of the second is
reduced by placing oneself downwind of the nest, or otherwise being careful not to
exhale on it. The third can be a problem if one is working with alarm pheromones
or handling wasps (e.g., for marking—see below) in ways that cause them to release
venom. When a mishandled wasp returns to the nest, venom residue on its gaster
may trigger an alarm response in nearby individuals. Depending on the aggressive-
ness of the species, protective clothing—a beekeeper’s suit with helmet and veil—
may be prudent. In our experience, such protective gear is usually unnecessary
when working with the relatively docile Polybia occidentalis. Nitrile gloves are
effective in preventing the sting from penetrating to the skin. It goes without saying
that use of mosquito repellent by the observer must be avoided.

19.6.2 Anesthetization

Anesthetization may be necessary in some cases in order to mark individuals or to
collect whole, active colonies. Three methods are typically used to anesthetize:
chilling on ice or in a refrigerator, exposure to diethyl ether, and exposure to carbon
dioxide (CO,). Of these, chilling typically requires the greatest amount of time to
make wasps immobile, and wasps typically recover most rapidly from it provided
the ambient temperature is sufficient. It is likely that it is also the most benign of the
three methods, but some studies on honey bees suggest that immobilization by chill-
ing affects hoarding behavior (Mardan and Rinderer 1980). Chilling may also be
used as a means of temporary immobilization of an entire colony before transferring
it to a new container or observation nest box (see Sect. 19.8 below). Colonies of
Vespula germanica have successfully been kept overnight in a ~4°C refrigerator
with very little loss of individuals (Taylor and Jeanne 2018)

Diethyl ether is a useful anesthetic for handling whole, active colonies. Sealing
the nest or other container holding the wasps maximizes its effectiveness as an anes-
thetizing agent. The duration of anesthesia is lessened when wasps are exposed to
sunlight or other forms of UV radiation (Ishay et al. 1994). Repeated uses over a
short time period also seem to lessen its effects (B. J. Taylor pers. obs.). Because
ether fumes are heavier than air, anesthetization will be more effective if it is placed
at a level above where most wasps are located. Care must also be taken when using
ether, as prolonged exposure can be lethal to insects. In studies on Vespula ger-
manica, Taylor (pers. obs.) found that the queen seemed especially susceptible to its
effects. Diethyl ether’s effects on other aspects of the biology of wasps are not well-
known. Plath (1924) found that ether anesthetization of bumble bees did not cause
the bees to lose their memory of nest location. However, nest location may be a
particularly well-learned memory and not as readily subject to loss as other memo-
ries, such as a recently learned food odor (Alloway 1972).
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Carbon dioxide is a commonly used anesthetic for entomological studies. Unlike
diethyl ether, the risk of wasp mortality when using CO, seems to be low. Indeed,
Owen (1962) found that CO, never caused death when used to anesthetize Polistes
Jfuscatus. Its effects on behavior and physiology have long been reported to be minor
and short-lived (Nicolas and Sillans 1989). However, CO,-induced anesthesia has
been found to accelerate age polyethism in Apis mellifera (Nicolas and Sillans
1989), reduce pollen gathering (Ribbands 1950), and modify hoarding behavior
(Mardan and Rinderer 1980). Prolonged exposure also affects memory and foraging
behavior (Nicolas and Sillans 1989). Even more extreme are reports that it increases
brood cannibalism in ants (Sorensen et al. 1983) and ejection of larvae in bumble
bees (Pomeroy and Plowright 1979). Warwick Kerr once informed the senior author
that ether has less effect on the behavior of stingless bees than does CO, (Jeanne
1972). Finally, CO, has the added disadvantage of requiring that a portable CO,
container be carried into the field.

So, which method is best? All have their drawbacks, but it largely depends on the
study being conducted. When rapid anesthetization is required, CO, and ether are
the best bet. Ether is easier to use if rapid anesthetization is required in the field,
especially when collecting whole colonies. If rapid anesthetization is not required,
chilling can be done with little fear that it will cause harm to the wasps. In contrast,
ether has the potential to kill if exposure is too long. In addition, as mentioned under
“Collecting whole colonies” (below), ether fumes are highly combustible. Ashburner
and Thompson Jr (1978) reviewed all three methods and recommended both CO,
and chilling over ether.

19.6.3 Marking Individuals

Most studies of behavior require the marking of at least some of the adults of a
colony for individual recognition. For small colonies, one can get away with a small
number of unique color combinations. West-Eberhard was able to mark Polistes
without capture or anesthetization by daubing one or more colors of paint haphaz-
ardly onto the wings and bodies of workers on the nest (West-Eberhard 1969). This
is workable only for marking small numbers of wasps; beyond a few tens of indi-
viduals, relying on randomly placed marks becomes too cumbersome and prone to
errors of identification.

For larger colonies, a code that translates to numbers is essential. Karl von Frisch,
working with honey bees, was apparently the first to do this, beginning in the 1920s.
Using a color- and position-coded system of paint dots on the thorax and abdomen,
he was able to uniquely mark up to several thousand individuals (von Frisch 1967).
The numbered disks (Opalithpléttchen), developed later for use on honey bees, are
the wrong size for most wasp species and have rarely been used by wasp researchers.
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19.6.3.1 Color Codes

For many years, we have used a coding system combining five colors of paint with
positions on the thorax (Fig. 19.5). The colors are arranged alphabetically and code
for numbers as follows: blue = 1 and 6, green =2 and 7, red = 3 and 8, white =4 and
9, yellow = 5. Position on the thorax determines the range: left side = 1-5, right
side = 6-9. Positions from front to back represent ones, tens, hundreds, thousands.
Thus, blue in the upper-left quadrant of the mesoscutum = 1, lower-left = 10, right
half of the postscutum = 600, and so on (Fig. 19.6). Although von Frisch applied
paint spots to the gaster as well as the thorax of his bees, we found that spots on the
gaster are obscured by the folded wings when the wasp is on the nest. Hence, our
system uses the thorax exclusively.

Others have developed different systems. Gadagkar uses ten colors (plus a blank)
in four positions (thorax, abdomen, left wing, right wing) to achieve over 14,000
unique combinations; adding a fifth (unspecified) position increases the number to
over 161,000 (Gadagkar 2001 and personal communication). Unlike the system
described above, each wasp is identified by its unique combination of the color and
position of its spots, rather than with a number. Another option is to use ten colors
to represent digits 1-10, and assigning three different positions on the body to rep-
resent ones, tens, and hundreds (Brenner and Patterson 1988). Other marking sys-
tems are reviewed by Southwood (1978) and Walker and Wineriter (1981).

We have found that for field studies, using more than five colors is unworkable.
Under low-light field conditions (early morning/late afternoon; forest understory) it
becomes impossible to distinguish gray from silver, or dark blue from light blue, for
example. We advise against marking the wings, as it risks fouling the wing-folding
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Fig. 19.5 Dorsal view of a wasp thorax showing the placement of spots. (Mesoscutum: top two
quadrants = single digits; bottom two quadrants = tens. Scutellum = hundreds.
Postscutellum = thousands)
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Fig. 19.6 Examples of the color-coded numbering system used by the authors

mechanism. Furthermore, especially for smaller wasp species, a paint spot is a sub-
stantial addition to the mass of the wing and could potentially hinder flight by alter-
ing wingbeat frequency.

19.6.3.2 Media

A wide variety of substances have been used to mark insects for individual or group
recognition (reviewed by Hagler and Jackson 2001). Paints are an inexpensive solu-
tion. A number of wasp workers have used model airplane dope (e.g., Testors™
enamel). A droplet is applied to the wasp with a toothpick, insect pin, paper clip, or
fine brush. In our experience, these paints are less than satisfactory. The dope comes
in small screw-cap bottles, which are hard to handle under field conditions. If the
bottles are left open for quick access, the solvent evaporates and the paint thickens
and forms a skin; thick paint applied to cuticle will fail to make firm contact upon
drying and will be at risk of flaking off. While this can be corrected by adding thin-
ner, if too much is added, the paint risks running by capillarity into the wing articu-
lations, potentially hindering flight or even proving fatal (Owen 1962). Opening and
closing the bottles at each use requires two hands, risks spillage, and interrupts
behavioral observation. Over time, the threads on cap and bottle become clogged
with dried paint and have to be scraped clean.

All these difficulties are much reduced with the use of paint pens. These are
available in both oil-based paint and water-based acrylic. Both dry quickly and are
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Fig. 19.7 One brand of acrylic paint pens

Fig. 19.8 P occidentalis
worker held gently for
marking in vise-like
reverse-action bent-tip
forceps. This individual’s
colors code for the number
64. (Photo: R. L. Jeanne)

opaque and waterproof, although oil-based paints were found to be more durable
than water-based ones (Wineriter and Walker 1984). We have marked thousands of
Polybia occidentalis individuals using a brand of oil-based paints (Fig. 19.7). The
fine or extra-fine points make it quick and easy to apply spots precisely in the desired
quadrant of the mesothorax (Fig. 19.8), despite the 1.6 mm width of this part of the
body. Loss of spots due to flaking is rare. What works well for fieldwork is to drill
five holes into the edge of a wood block, one for each color and sized to allow the
paint pens to be inserted, cap down, tightly into them. With each pen resting lightly
in its cap, it can quickly be picked up with one hand and used, with only a few sec-
onds of exposure of the open pen before it is replaced loosely into its cap. RLJ
fastens such a block inside the front wall of the plastic fishing tackle box he uses to
carry forceps, mirrors, stopwatches, and other tools and supplies into the field (see
Fig. 19.4).

Tests of the effects of these paints on the behavior and longevity of bees and
wasps have shown mixed results. In a lab study, Testors PLA™ enamel applied to
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the heads of two species of halictine bee was shown to increase cooperative behav-
ior in one and increase aggression and decrease cooperation in the other (Packer
2005). De Souza and coworkers tested Acrilex®, an acrylic paint, for its effect on
behavior and survival of Polistes wasps (Souza et al. 2012). Wasps that had paint
spots applied to them groomed at higher rates than controls for 5-7 min after mark-
ing; thereafter, the rate of grooming was indistinguishable from controls. There was
no effect on longevity. The authors conclude that use of acrylics on social wasps is
unlikely to influence social behavior in any measurable way. Although oil-based
paints have not been tested on wasps, our use of them over many years gives us
confidence that they have no effect on behavior or survival.

Another method is to paint the mesothorax with liquid-paper correction fluid and
then write a number on it with indelible ink (McIntosh 1999). Different colors of
correction fluid can be used as an additional variable. Our experience with this tech-
nique is that after a few days the correction fluid abrades and picks up stray dark
streaks, making it increasingly hard to read the number as the wasp ages.

19.6.3.3 Handling Wasps for Marking

When it comes to paint marking, honey bees differ from many social vespids in at
least two respects. Honey bee foragers can be marked without capture by applying
the paint as they feed at a dish; pressure from the applicator, even if heavy enough
to push their faces into their food solution, typically does not disturb them. Ropalidia
marginata and Polistes spp., especially if newly eclosed, can be marked in this way
on the nest (West-Eberhard 1969; Gadagkar 2001). In our experience this is not pos-
sible with vespines and many polistine wasps, which are extremely sensitive to
movement nearby and will fly in response to contact with (or even to the approach
of) a marking pen. Finally, smaller wasps, such as Polybia occidentalis, will not
tolerate the kind of pressure from a paint applicator required to apply a spot.

The alternative is to capture the wasp on the nest and hold it for marking. Owen
(1962) removed individual P. fuscatus from the nest with forceps, anesthetized them
(with CO,), marked them, and then returned them to the nest as they recovered.
Naumann (1970), working with the much smaller Protopolybia acutiscutis, used the
same method. In our work with Polybia occidentalis, capture enables the precise
placement of the multiple dots required by the coding system described above
(Figs. 19.5 and 19.6). Over many years of working with colonies of this wasp, we
have found that the best method is to remove the selected individual directly from
the nest surface using curved-tip reverse-action forceps (e.g., from SRA Soldering
Products). These open when squeezed; when released they grip the wasp with a
constant pressure that can be adjusted by bending the two arms at the base so that it
is just sufficient to hold the wasp without injuring it; larger species require more
pressure than smaller ones. The wasp is grasped from above around the thorax or the
waist by releasing pressure on the forceps. The bent tips allow the wasp to be
approached unnoticed from behind (rather than from above, as with straight tips).
The opened bent tips can also be more precisely positioned around the wasp before
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closing, requiring only minute finger movements rather than whole wrist. To posi-
tion the wasp for marking, it is transferred to a second pair of reverse-action bent-tip
forceps, closed dorsoventrally over the posterior of the thorax (Fig. 19.8). This
holds the wings out of the way while paint spots are applied to the thorax. Released
after the paint dries (a few seconds), the wasp typically flies off and then returns to
the nest after a few minutes. There is no evidence that this treatment affects the
subsequent behavior of the marked wasps; rates of injury, fatal or otherwise, are
negligible.

If a large random sample of a colony’s adults must be marked, it may become
expedient to capture them in bulk and chill them on ice to immobilize them before
marking.

19.6.4 Uses of Video Recording

In the old days, 8- and 16-mm movie film was too expensive to be practical as a
research tool, and was used primarily to document behavior for archiving, e.g., via
Encyclopaedia Cinematographica. The advent of analog and now digital video has
changed that. Digital camcorders have excellent macro-capabilities and are now
cheap and compact enough to be used routinely in the field, and through repeated
playbacks can enhance data collection in a variety of ways. The advantages are
numerous: (1) obtaining precise counts and interarrival times of foragers in and out
of a nest; (2) recording of interindividual interactions on the nest for detailed behav-
ioral analysis; (3) analyzing the behavior of numerous simultaneously interacting
individuals; (4) sharing of video with other scientists through the internet, as part of
a publication, and/or through social media. In a recent study on gastral drumming in
Vespula germanica, the use of recording made it possible to obtain rates of movement
and trophallaxis for large samples of workers in a short amount of real time (Taylor
and Jeanne 2018). Gathering such data would have been impossible without the use
of video. Furthermore, by going backward through a video record, the behavior of
an individual leading up to an event (e.g., its departure from the nest or from a
swarm cluster) can be documented in detail (Sonnentag and Jeanne 2009) (see also
Sect. 19.7.4)

On the downside, extracting data from videotapes can be very time-consuming.
However, technology exists for streamlining the process. JWatcher, for example, is
a free program that can be used as an event recorder to log the time at which keys
are pressed while the observer follows the behavior of a focal insect as the video is
played back (Blumstein and Daniel 2007). Its analysis routines can calculate time
budgets, the duration of behavioral states, intervals between them, and run sequen-
tial analyses. Mignini and Lorenzi (2015) recently used the software in an analysis
of the role of vibratory signals in Polistes biglumis. Image-based tracking technol-
ogy can automate the collection of data on movement of individuals in video record-
ings (see Sect. 19.9).
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19.6.5 Behavior-Sampling Techniques

Depending on the purpose of one’s study, one or more behavioral sampling tech-
niques will come into play, including ad libitum, focal-animal, and all-occurrences
of a behavior pattern of interest. Altmann (1974) provides an excellent guide to
these and other observational methods. Other useful resources include Martin and
Bateson (1993) and, for analyzing sequential data, Bakeman and Gottman (1986).

19.6.6 Foraging
19.6.6.1 Collecting Foraged Loads

Prey loads brought to the nest by foragers can be collected and weighed and/or exam-
ined to determine the species. Polistes and Mischocyttarus foragers macerate the
prey in the field before returning to the nest, so the identification of what was taken
must rely on determining taxa based on fragments of cuticle. In contrast, Polybia
occidentalis, P. emaciata, and others bring virtually intact prey to the nest, making it
easy to identify large numbers of prey quickly (Hernandez et al. 2009; Yeison et al.
2013). Using reverse-action bent-tip forceps makes it easy to grasp returned prey
foragers from the nest and make them drop their loads into vials of preservative. The
same technique can be used to collect pulp loads from foragers (Jeanne 1986).

Water loads can be quantified by similarly restraining newly returned foragers
and touching the tip of a microcapillary tube to their mouthparts. Lightly squeezing
the gaster can encourage complete emptying of the crop (Roskens et al. 2010). If a
regurgitated load fills a 10 pl capillary to 75% of its length, the load is 7.5 mg.
Lightly tapping the tip of a capillary against the mouthparts of a larva will stimulate
the release of larval saliva into the tube, where its volume can similarly be mea-
sured. Crop capacity of a wasp can be determined by letting a forager imbibe a
sugar solution from a graduated capillary tube (Jeanne 1986). The same technique
can be applied to nectar foragers (Fig. 19.9).

19.6.6.2 Foraging Distance

Especially for studies involving the use of social wasps in the biological control of
agricultural pests, it is useful to know the distance to which wasps of a particular
species will forage for prey. One approach is to determine the rates of return to the
nest of workers released at a range of distances from the nest. This assumes that
homing ability is based on knowledge of the territory surrounding the nest, which in
turn is based on foraging experience. Clearly, older individuals, those likely to have
gained such experience, will be able to home over greater distances than younger
ones that have not yet begun to forage (Prezoto and Gobbi 2005) (for the use of
harmonic radar tracking, see Sect. 19.9).
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Fig. 19.9 Vespula hi
germanica nectar forager
imbibing sugar solution
from a known-volume
capillary tube. The ruler
enables direct reading of
amount imbibed (Photo:
B. J. Taylor. Wisconsin,
USA)

19.6.6.3 Recruitment to Food

A first step in determining whether a species has the ability to recruit nestmates to a
food source is to train foragers to an artificial feeder. This can be difficult to accom-
plish for some species. Setting out feeders at some distance from the nest may or
may not attract foragers from a nearby focal colony. It worked well for carrion-
feeding species of Agelaia (Jeanne et al. 1995). In contrast, Polybia occidentalis
foragers will rarely come to a sugar solution placed a few meters from a nest, and
will readily abandon a feeder in the initial stages of training. Training this species to
an artificial feeder was best accomplished by placing a dish of highly concentrated
sucrose solution directly against the nest envelope below the entrance (Schueller
et al. 2010; Taylor et al. 2010) (Fig. 19.10). Before long, several wasps will crawl
onto the dish and feed from it, then return to the nest. We often found that as soon as
the dish was moved away from the nest so that workers had to fly to it, they stopped
coming (Schueller et al. 2010). Repeating the process several times, however, even-
tually resulted in some wasps learning to fly to and from the dish. Once trained to
the dish, they typically continued to feed from it for several days (Taylor et al. 2011).

Wasps can learn to associate scents with food (Jandt and Jeanne 2005; Schueller
etal. 2010; Taylor et al. 2011; Schueller 2012). Some studies have shown that wasps
tend to be attracted to anise extract (Schueller et al. 2010; Taylor et al. 2010). Thus,
if simple training to a single food source is required for an experiment, anise may be
the best choice. However, if the aim is to test associative learning of a scent, anise
should be avoided as its attractiveness could skew the results (Schueller et al. 2010).
A feeder may consist simply of an open dish placed atop a tripod (Hrncir et al. 2007,
Schueller et al. 2010; Taylor et al. 2010) (Fig. 19.10), or it may be more elaborate.
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Fig. 19.10 The initial step
in training wasps to a
feeding dish. Also a
method for catching a
number of individuals at
once for marking. (Photo:
B. J. Taylor. Costa Rica)

Hrncir et al. (2007) inverted a glass cup filled with sugar solution onto a small
acrylic plate cut with radial grooves. As the liquid in the grooves is drained by feed-
ing wasps, they are kept filled from the reservoir in the glass cup.

Some wasp species are attracted to resources by “local enhancement,” the visual
cue of others feeding there (Raveret Richter 2000; Hrncir et al. 2007; Jeanne and
Taylor 2009). To control for local enhancement, specialized feeders can eliminate
its effect (Jandt and Jeanne 2005; Taylor et al. 2011). One type consists of a Syracuse
dish covered with a metal tin with a rectangular hole cut into one side. A microscope
slide inserted into the hole rests on the rim and slopes down into the sugar solution.
To access the food, wasps have to walk down the slide and under the opaque cover.
Thus, while feeding they are out of view of any wasps flying near the feeder.

In instances where nests are closely spaced, confirming the nest affiliation of wasps
arriving at feeders can be accomplished in several ways. The most expedient is to
mark all visitors to the feeder for individual recognition, then confirm their affiliation
by observing each at the focal nest (Taylor et al. 2010). Another approach is to take
advantage of the effect of colony odor. Schueller et al. (2010) marked foragers coming
to the feeder, then presented each (held lightly in forceps) to wasps on the envelope of
the focal colony or placed them inside the nest entrance. If the resident wasps attacked
the introduced wasp, it was evidence that it did not belong to that colony. With this
method, care must be taken to avoid disturbing the colony during the introduction.
The greatest risk is that the handling of the wasp may cause it to release venom that
could give a false negative with regard to membership. In addition, depending on the
species, some colonies may accept non-nestmates (Sumner et al. 2007).

19.6.7 Testing Pheromones

19.6.7.1 Alarm

Although venom is the source of the alarm pheromone in all polistines so far tested,
it is possible that in some species alarm substances are produced by other glands,
either instead of the venom gland or in addition. Vespula squamosa, for example,
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produces an alarm pheromone in the head as well as in the venom (Landolt et al.
1999). The simplest approach to narrowing down the source(s) of alarm pheromone
is to present crushed body parts—head, thorax, gaster, legs—of fresh-killed workers
to other workers on the nest and scoring whether an alarm reaction is elicited. Once
the tagma(ta) with activity are identified, the search can move to bioassaying spe-
cific glands in that body region by crushing and presenting them to nest workers in
the same way. Because alarm pheromones are highly volatile and evaporate within
seconds, each preparation must be presented to responders as soon after crushing as
possible. Similarly, if the chemical components of a particular glandular secretion
have been analyzed and likely active chemical components purchased or synthe-
sized, they can be spotted on filter paper and tested in the same way.

For a more sophisticated approach to testing for alarm activity, it may be desired
to quantify the responses of colony members to a candidate chemical. For example,
Dani et al. (2000) showed that (2S,6R,8S)-2,8-dimethyl-1,7-dioxaspiro[5.5]undec-
ane, a venom component of Polybia occidentalis, had alarm-releasing activity by
spotting fixed amounts of it (in a solution of methanol) on filter paper and present-
ing it 1-3 cm upwind of an active nest. Behavioral responses were quantified and
compared with controls (methanol only) in two ways. First, the number of wasps
exiting the nest was determined from playbacks of video recordings of the nest.
Second, the number of wasps attacking a nearby target (a plastic bottle wrapped in
black paper) was determined from audible hits picked up by the camcorder’s exter-
nal microphone hung inside the bottle.

19.6.7.2 Emigration Trail

At least some Epiponini spot chemical trails that guide swarm members to a new
nest site. An exception is Apoica pallens, which instead uses in-flight chemical call-
ing (Howard et al. 2002). Circumstantial evidence for scent-marking can be obtained
by observing the comings and goings of scouts a few meters from the swarm to see
if they appear to be applying a glandular secretion to leaves. Gaster-dragging is a
common scent-marking behavior seen in many epiponines (see Landolt et al. 1998
for a review), but it is possible that some may use glands other than sternal glands.
To confirm that a chemical trail is produced and followed requires an experimental
demonstration that swarm members can be led down an artificial trail (Jeanne
1981b). It would be worthwhile to investigate whether any independent-founding
polistines engage in such marking, even if only around the new nest, as has been
reported for Mischocyttarus labiatus by Litte (1981).

19.6.8 Nesting Behavior

A relatively neglected aspect of the biology of the Epiponini, in particular, concerns
the details of nesting behavior. Much has been written about the final product, the
architecture of the nest (Jeanne 1975a; Wenzel 1991), but relatively little about the
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behavioral sequences and stigmergic cues involved in building it (but see Downing
and Jeanne 1988). Learning more about such details across species by mapping
them onto a cladogram could very well provide new insights into how various nest
types evolved. Moreover, there are tantalizing mysteries about how some species
accomplish certain feats. For example, Polybia occidentalis constructs each new
curved envelope so as to exactly parallel the curved surface of the comb being cov-
ered, but 2 cm out. How they maintain that distance without physically measuring
the gap has not been answered. Careful observation at the nest can lead to hypoth-
eses that can be tested with well-designed experiments.

19.7 Manipulating Colonies for Special Purposes

19.7.1 Age Polyethism

Studies of age polyethism require knowing the age of marked individuals. Various
attempts have been made to estimate the ages of adult wasps based on morphologi-
cal indicators. For example, the degree of pigmentation of the transverse apodeme
of the first gastral sternite increases with age (Forsyth 1981). Unfortunately, this
measure can at best indicate relative, not absolute, age and so is not of much use.

A better procedure is to introduce individually marked one-day-old adults into
the observation colony and track their behavioral repertories as they age. Because
newly eclosed adults take about a day to acquire their colony’s odor from the nest,
day-old individuals eclosing from colony A will be accepted and become part of the
workforce of colony B. Jeanne and coworkers separated and incubated the combs of
donor colonies of P. occidentalis (Jeanne et al. 1988). A source comb, kept dry and
away from ants, will produce newly eclosing adults for a week or more. Each day
the newly eclosed adult females were lightly anesthetized, marked for individual
recognition (or merely for their day of eclosion), and dropped into the entrance of
the observation nest. The tasks performed by these workers were then followed as
they aged (Jeanne et al. 1988; O'Donnell and Jeanne 1992). In a slight variation,
Simdes and Zucchi (1980) used the lowermost of three combs of a nest of
Protopolybia exigua as a daily source of newly eclosed individuals, which they
marked and reintroduced to the same colony.

19.7.2 Colony Productivity

Michener (1964) argued that per-capita productivity decreases as colony size
increases. Because of the wide range of size among founding swarms within a spe-
cies, swarm-founders are ideal for testing the hypothesis. Including only founding
swarms in the data set controls for the effect of stage of development on per-capita
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productivity. Colonies can be reset to the founding stage by dismantling the nest,
then following the swarm to its new site (see next section). The colony is allowed to
develop for n days, where n is just short of the egg-to-adult development time,
and is then collected. All the adults will have been members of the founding swarm,
and thus provide a measure of input, whereas the total brood biomass is a clean
measure of output. Output/input gives a measure of per-capita productivity.
Additional measures of output can include the number of brood cells and/or mass of
the nest itself. Plotting per-capita productivity against colony size for a large sample
of colonies provides a test of Michener’s hypothesis. Only two species have been
tested so far (Polybia occidentalis, Parachartergus fraternus); neither supports the
hypothesis of decreasing per-capita output with increasing swarm size (Jeanne and
Nordheim 1996; Bouwma et al. 2005; Bouwma et al. 2006).

19.7.3 Egg-to-Adult Development Time

Newly founded colonies can also be used to determine the egg-to-adult (E-A) devel-
opment time, a fundamental life-history trait. For independent founders on their
exposed combs, the data are easily obtained by keeping accurate daily records of the
stage of brood in each cell, through cell-maps, tracking each newly laid egg until it
gives rise to an adult. On the other hand, the multiple covered combs of most swarm
founders make this difficult, if not impossible, so it is not surprising that brood-
development times are known for less than a handful of species of epiponines. The
scant data available suggest that E-A of swarm founders is significantly less than for
independent-founding polistines (Jeanne in press), so data for more species would
be welcome. For species whose nests are a single comb it is possible to keep track
of brood development by periodically opening a flap of the envelope, as West-
Eberhard (1978) did for Metapolybia. For species with multiple combs, this is
impractical because the oldest brood will be in the upper comb, which is likely to be
inaccessible without seriously damaging the nest. The alternative is to follow
swarms from founding, then collecting them after x days, where the starting value
of x is close to E-A for known species, around 30 days (Jeanne in press). The age of
the oldest brood in the nest is determined and x is adjusted accordingly for subse-
quent trials until x = E-A by successive approximation. If the first colony in the
series is collected a few days ahead of 30—25, for example—and the oldest comb
is found to contain pupae, the comb can be incubated until the first adult ecloses.
Adding the number of days of incubation to 25 will give a close approximation to
the value of E-A, making it possible to close in on the value of x more quickly with
subsequent colonies. It is important to keep in mind a complicating factor: as swarm
size increases within a species, development time decreases (Howard and
Jeanne 2004).
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19.7.4 Working with Swarms

Although reproductive swarming characterizes all of the 200+ species of Epiponini,
the details of behavior during this dispersal phase have been little studied. For some
studies it is useful to know the population of the founding swarm. Working with
Polybia occidentalis, Bouwma et al. (2003b) developed a method of obtaining pre-
cise counts. The swarm, either naturally occurring or induced, is captured at night
by enclosing it and its twig in a plastic bag and refrigerating it overnight. Before
daylight the next morning, the wasps are transferred to a capped 2 L plastic soda
bottle via the removed bottom; after all are in the bottle, the bottom is sealed. The
bottle is then clamped in an upright position to a tripod in the field and a 5 x 22-mm
slit in the cap is untaped. With daybreak, the wasps become active and move up in
the bottle. A camcorder zoomed in on the cap records the wasps as they exit through
the slit. On video playback, a counter is used to tally the total number in the swarm,
with repeated playbacks to confirm accuracy if necessary. Within an hour or two
after leaving the bottle, all the wasps will again coalesce into a single cluster on a
nearby leaf or twig.

For most studies involving swarming it is necessary to locate the new nesting site
of a swarm. The first step is to mark some in the group so it can be recognized when
found. A single spot of one color on the thorax for 3—5% of the population is suffi-
cient (Bouwma et al. 2003a). If the swarm is lost during emigration, but a young
nest is found a day or more later, its identity can be confirmed by the presence of
marked individuals.

With some experience, it is possible to follow swarms as they emigrate to a new
site. P. occidentalis takes several hours to a day to select a new site and move to it.
Close observation of the swarm cluster can reveal when the activity level of swarm
members increases, often a precursor to departure. Frequent inspections of vegeta-
tion a few meters in all directions from the swarm will often reveal where scouts are
scent-marking vegetation on the way to a site they have found suitable. As time goes
on, the concentration of scent marking will converge on a single direction from the
swarm, and at that point, searching farther in that direction will reveal the scent-
marked line leading to the selected new site. In the case of P. occidentalis, we have
often been able in this way to find the chosen site—indicated by heavy scent mark-
ing by 10-20 scouts—long before the majority of the wasps arrive.

Our understanding of the behavior of the swarm up to the time it begins to emi-
grate is rudimentary. The typically dense packing of wasps in the swarm cluster
makes it impossible to see any behavior except what little occurs on the surface
facing the observer. Sonnentag and Jeanne (2009) got around this limitation by
coaxing swarms of P. occidentalis onto a vertically mounted rectangle of plywood
(Fig. 19.11). On this surface the wasps dispersed into numerous small clusters,
exposing much of the interaction among swarm members to view and to videotap-
ing, making it possible to work out much of the behavior leading up to the collective
decision to make the move.
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Fig. 19.11 Observation of behavior in a swarm. A swarm of Polybia occidentalis has been moved
from its twig onto the board, where they disperse into smaller groups one or two wasps deep. Costa
Rica. (Photo by Peter Sonnentag)

19.8 Studying Behavior in Artificially Housed Colonies

Housing colonies in nest boxes can be helpful if lab colonies need to be kept, or if
predation on the colony is a concern. Also, while some groups of wasps build nests
with open combs that allow observers to see colony activities, others nest in cavities
and/or build an envelope that encloses the combs of the nest. This makes the use of
an observation box necessary in order to study the inner workings of a colony. The
use of such boxes to keep captive colonies became prominent in the 1970s for work
on vespines (Greene 1991) and has enabled research in areas such as worker—queen
interactions, worker—larva interactions, competition during colony founding, col-
ony demographics, task partitioning, polyethism, communication, and the organiza-
tion of foraging. The majority of studies using captive colonies have been conducted
on two groups, Polistes and the vespine wasps.

Nest box design varies. Polistes have long been reared in captive or semi-captive
conditions. Colonies can be kept in simple enclosures such as cardboard boxes
(Reeve 1991) and provisioned with honey, water, and a source of protein (e.g., wax-
worms). If visual observations need to be performed, screen or plexiglass panels can
be included in the nest box design (Post and Jeanne 1982; Jandt and Toth 2015).
Boxes used in the field have a weather-tight roof and sides with a bottom of coarse
wire mesh that allows wasps to pass through, but restricts access by predators (Judd
and Carpenter 1996; Jandt and Toth 2015). Young colonies can be transplanted into
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such boxes. In areas with high densities of Polistes, foundresses often start nests in
them (Rossi and Hunt 1988; Judd and Carpenter 1996; Hunt et al. 2007). These can
then be moved to the lab, if needed.

Two main types of nest boxes have been used for studying vespine wasps. One
style is an upright “vertical design” (Loope 2015). Here, the diameter of each comb
is restricted to a width of approximately 3.75 cm by panes of glass on both sides.
Because the nest is so narrow, it allows the observer to see what is happening
between the nest combs. Furthermore, it allows the wasps to vertically expand the
nest by adding additional combs below the existing ones as they would in a typical
field nest (Loope 2015). The other type of nest box is a “horizontal design” origi-
nally described by Akre et al. (1976). In this type, the combs are separated and laid
out next to one another in a single plane within the box. This design allows the
colony to expand combs horizontally, but prevents vertical expansion. This type of
box has undergone several improvements since the original design. Later iterations
found that if the height of the box was reduced to 3 cm, wasps were discouraged
from building envelope between the nest and the glass bottom, which would other-
wise obstruct the view of the observer (Jandt and Jeanne 2005). Other improve-
ments have included changes in the materials of the nest box itself. Originally, the
box was constructed of wood, but Taylor et al. (2010) replaced it with nylon plastic
because wooden nest boxes exposed to rain or high humidity warped. Further, they
added slots for feeding the colony different types of food (Taylor et al. 2010; Taylor
et al. 2012). Later versions of this same design replaced the Masonite ceiling with
Plexiglas, which allowed the colony to be viewed from above and below the combs
(Taylor and Jeanne 2018).

There are two options for providing access to food for artificially housed colo-
nies. One is to allow the colony to forage outside via a short tube leading through a
wall or window. This is all but mandatory for large colonies (i.e., the Vespinae and
some Epiponini). The other is to limit the colony to foraging entirely indoors, by
providing food either in the box housing the nest or via access to an adjacent forag-
ing arena where food resources are provided by the experimenter. Completely
enclosing colonies has been used with considerable success for Polistes, and both
techniques have been successfully used with Ropalidia marginata (Gadagkar 2001).

There are some disadvantages to working with captive colonies. For one, most of
the studies have been conducted with independent-founding species (Polistes,
Ropalidia, Vespula), which do not readily adapt to changed nesting location unless
they have already invested a considerable amount in the brood in the nest. Very few,
if any, studies have been conducted on swarm-founding wasps held in enclosures,
and it is unknown if colonies would find nest boxes desirable enough to remain
within them. Secondly, if foraging is constrained to an enclosed arena in the lab, the
artificial provision of an adequate diet may be an issue. Thirdly, a nest box restricts
nest growth, since the colony cannot expand beyond the size of the box (Greene
1991). In addition, for subterranean-nesting species (e.g., Vespula) the entire task of
cavity excavation is eliminated and therefore cannot be studied. It is unclear what
effect this may have in an artificially housed colony, but it undoubtedly skews the
allocation of worker effort away from what is experienced in the natural environ-
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ment. Finally, rearing indoors may have effects on the colony that do not allow the
results to be extended to natural colonies. For example, Jandt and coworkers found
that for Polistes reared in a lab setting, some traits were skewed to be more gyne-
like, possibly due to excess food. However, gene-expression analysis revealed that
more worker-like genes were expressed. In addition, nest construction and male
production were affected by rearing location (Jandt and Toth 2015). These results
advise caution when extrapolating the results from lab-reared colonies to those in
the field.

Use of nest boxes may provide some advantages for the study of behavior of
Neotropical polistines. Cavity-nesters, such as many species of Agelaia, may adapt
well to the “cavity” of a horizontal nest box, making possible close-up and detailed
observation of behavior on the combs. For many of the species that construct
envelopes, a narrow vertical design that constricts the width of the combs enough
that in-nest behavior can be seen may be the best solution.

19.9 The Future

We foresee several ways that the development of new technology and methodolo-
gies will increase our understanding of Neotropical social wasp behavior and ecol-
ogy. For one, the tools to study animal behavior and ecology will continue to
increase in sophistication, allowing for ever-higher-throughput monitoring of indi-
vidual behavior. Radio-frequency identification (RFID) tags, for example, attached
to each individual are automatically read each time they pass by an RFID reader,
such as when entering or leaving the nest. The tags are already small enough to
attach to Temnothorax ants, and thus are likely suitable for most, if not all species of
social wasps, provided the weight does not impede flight. This technology has
already been used for several years on ants, bees, and a small number of social
wasps to study behavior such as house-hunting during swarming, foraging, nest-
drifting, shifts from nest work to foraging, adult life span, and reproductive parasit-
ism (Sumner et al. 2007; Robinson et al. 2009; Van Oystaeyen et al. 2013;
Nunes-Silva et al. 2018; Santoro et al. 2019). Future developments will likely
include further miniaturization and longer reading distances.

Harmonic radar tracking has been utilized to track insects, including bees, over
large spatial scales, and it was recently used to track the flight paths of bumble bee
(Bombus terrestris) workers over their entire lifetimes (Woodgate et al. 2016). As
transponders are further reduced in size, they will become available for use on
smaller species of social wasps. The use of this technology, along with Geographic
Information System (GIS) mapping techniques could allow us to understand how
wasps explore their environment, how far they forage from the nest, the ontogeny of
foraging behavior, and how foraging behavior changes with spatial heterogeneity of
the environment.

Advances have also occurred in the area of image-based tracking technology
(Mersch et al. 2013; Dell et al. 2014; Crall et al. 2015; Wario et al. 2015). The soft-
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ware tracks movement in video recordings and extracts information related to spa-
tial use, activity patterns, and, increasingly, the characterization of specific
behavioral acts. If individual identification is necessary, tags with unique barcodes
or quick-response (QR) codes can be attached to each individual (Crall et al. 2015).

The advantages of these technologies are many. Perhaps most obvious is the
amount of data that can be collected. In pre-tech days, a trained ethologist would be
limited to the individuals they could readily observe or record with a camcorder.
Current technologies allow for constant monitoring of multiple individuals, some-
times for months, and during a timeframe that can encompass millions of interac-
tions (Mersch et al. 2013; Wario et al. 2015). Furthermore, the effort required to
extract data from videotapes by hand is lengthy and labor-intensive. Now, the col-
lection and compiling of data sets on behavior requires much less time, and in some
cases is instantaneous, giving researchers access to the data in a fraction of the time.
The data collected is also highly accurate, avoids observer bias, and precludes the
need to correct for individual biases when multiple observers are working on the
same study.

The methods are not without limitations. For example, RFID technology can
only register particular individuals when they are within a few millimeters of the
RFID reader. Similarly, image-based tracking technology is limited by what can be
recorded via video. This is especially relevant to Neotropical social wasps, largely
because the technology of housing colonies in observation nest boxes for most spe-
cies is not developed. While it is certainly possible to video-record individuals on
the outside of the nest or at a foraging site, it leaves out the richness of the behav-
ioral interactions inside the nest for all species whose nests are covered by an enve-
lope. If most Neotropical social wasps cannot be housed in observation boxes, the
use of image-based tracking techniques to record internal interactions may be lim-
ited. All of the methods mentioned above are limited by the sophistication of the
software that can be used to recognize individuals, track them, and categorize
behavior into particular types. They are also limited by the statistical techniques that
can be used to mine the extensive data sets that are produced. Fortunately, programs
for tracking individuals, such as Track-a-Forager, BEEtag, and ToxTrac (pro-
grammed in Java, MATLAB ®, or R) are available for all platforms, have come a
long way toward solving these issues, and will continue to improve (Crall et al.
2015; Van Geystelen et al. 2016; Rodriguez et al. 2018).
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