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INTRODUCTION

ISBN 0-12-558330-3

Many animals look up and scan the environment while they are eating.
This scanning and alert behavior is called vigilance and can serve many
functions (e.g., Lima 1990), the best understood one being predator detec-
tion (Caraco et al. 1980; Gliick 1987; Lendrem 1983). A widely studied
phenomenon is the “group-size effect,” whereby vigilant behavior, oper-
ationalized as the frequency and/or duration of scans, decreases as the
group size increases. Such a pattern has been observed in many nonhuman
animals, including birds, mammals, and fish—species in which individuals
associate with two or more conspecifics and thereby constitute a group (e.g.,
Bertram 1980; Caraco 1979; Godin et al. 1988; Holmes 1984; Roberts
1996; Studd et al. 1983; Sullivan 1984; but also see Treves 2000). The group-
size effect has also been observed in humans (Barash 1972; Wawra 1988;
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Wirtz & Wawra 1986), despite the virtual absence of predation in modern
human societies. Thus the group-size effect in humans may be a relic of
selection in the evolutionary environment of our ancestors.

The group-size effect has generally been attributed to the influence of
predation risk on the behavior of individuals. For example, because every
group member benefits when a predator is detected, individuals can reduce
their own scanning rate, without decreasing the probability of predator
detection, if all group members do some scanning for predators (Pulliam
1973). This is called the many-eyes hypothesis. An alternative, called
the dilution hypothesis, states that an individual’s chance of being caught
by a predator during a given predator attack decreases as the group size
increases (Hamilton 1971). Thus an individual’s predation risk is depen-
dent not on the vigilance of its foraging partners, as in the many-eyes
hypothesis, but merely on their presence. As a result, an individual’s
scanning rate should decline as group size increases. There are at least
two other factors, however, that could explain the group-size effect in
the absence of predation risk (or at least are not relevant to predation risk).
The first suggests that vigilance is related to competition for food within
the group. As foraging group size increases, so does the competition for
food within a foraging patch. Thus the observed decrease in vigilance
with increasing group size may be a result of the need to spend more
time foraging in the face of competition with other individuals (the food
competition hypothesis; Bertram 1978). The final hypothesis suggests
that the vigilance of group members may be directed toward detection
of conspecifics rather than of predators. In social groups, the detection
of conspecifics might be important, for example, for signaling status,
avoiding dominant individuals, attracting potential mates, or guarding
current mates. To the best of our knowledge, this conspecific detection
hypothesis has never been tested, even though it may be particularly
applicable to humans.

You will need 1-2 of each of the following items per group of observers:
pencil and eraser, clipboard, scanning data sheets (enough for each record-
ing period), and stopwatch or wristwatch with a timer.

HYPOTHESES AND PREDICTIONS

Do exercise (i) and your choice of any one of exercises (i1}, (iii), and (iv).
Exercises (ii) through (iv) will give you an opportunity to examine the
function of the group-size effect in humans.
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Exercises

(i) Examining the Effect of Group Size
on Vigilant Behavior

The size of a group is hypothesized to influence vigilant behavior in
humans. As group size increases, an individual’s scanning frequency and
duration are expected to decrease. To test this, you will need to observe
the behavior of focal subjects in groups of different sizes. First identify
the sizes of groups you will observe, and then determine how you will
operationalize scanning behavior. What do you predict will happen if the
group-size effect is observed? What do you predict will happen if the effect
is not observed? Further details on how to test the group-size effect are
provided in the “Procedure” section.

{ii) Testing between the Dilution
and Many-Eyes Hypotheses

The group-size effect has generally been attributed to the influence of
predation risk on the behavior of individuals. The dilution and many-eyes
hypotheses may help explain how this effect happens. The dilution hypoth-
esis states that an individual’s chance of being caught by a predator during
a given predator attack decreases as the group size increases. Thus an indi-
viduals predation risk depends simply on the presence of its foraging
partners. Alternatively, according to the many-eyes hypothesis, an individ-
vals predation risk is dependent not on the mere presence of foraging
partners but on their vigilance. If all group members do some scanming
for predators, each individual is hypothesized to be able to reduce her or
his own amount of scanning as the size of the group increases. One way
to test between these alternative hypotheses is to measure how occupied
the group members are (e.g., the amount of conversation). In this case,
you would not need to vary the group size but would instead do all your
observations on focal subjects in the same-size groups. What do you predict
will occur if the dilution hypothesis is correct? What do you predict will
occur if the many-eyes hypothesis is correct? Details on how to test these
hypotheses are provided in the “Procedure” section.

(iii) Testing between the Predation Risk
and Food Competition Hypotheses L

Although the group-size effect has genenally been attributed to the
influence of predation risk, competiion with foraging partners may also
or may instead explain this effect. A general predation risk hypothesis states
that as group size increases, an individual will decrease the amount and
duration of her or his scanning for predators [this can be due to dilution or
to many-eyes cffects; see exercise (i1}]. Alternatively, the food competition
hypothesis states that an individual will decrease scanning as group size
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increases, not because of reduced predation risk but because of the need
to spend more time foraging in the face of competition with other
individuals. One way to test between these alternative hypotheses 15 g
compare the vigilance of focal subjects in groups who are sharing their
food to that in groups who are not sharing. In this case, you would not
need to vary the group size but would instead do all your observations on
focal subjects in the same-size groups. What do you predict will occur 1if
the predation risk hypothesis is correct? What do you predict will occur
if the food competition hypothesis is correct? Further details on how to
test these hypotheses are provided in the “Procedure” section.

(iv) Testing between the Predation Risk
and Conspecific Detection Hypotheses

The conspecific detection hypothesis is another alternative explanation
of the group-size effect that is not related to the influence of predation risk.
This hypothesis states that an individual will decrease scanning behavior as
group size increases, not in response to predation risk but because of the
possibility of detecting conspecifics who might be passing by. One way to
test between the predation risk and conspecific detection hypotheses is to
compare the vigilance of focal subjects in groups who are exposed to high
and low amounts of people traffic {e.g., how many people are walking
within sight of the focal group or how crowded the eatery 1s). In this case,
you would not need to vary the group size but would instead do all your
observations on focal subjects in the same-size groups. What do you predict
will oceur if the predation risk hypothesis is correct? What do you predict
will occur if the conspecific detection hypothesis is correct? Further details
on how to test these hypotheses are provided in the “Procedure” section.

(i) Examining the Effect of Group Size
on Vigilant Behavior

Work in pairs. For cach pair of observers, one person will watch the scanning
behavior of focal subjects eating in groups of 1-5 individuals; the other
observer will record the data on the data sheet. To avoid possible confounds,
we recommend that you focus on foraging groups that are entirely women
or men and that the watcher be the same sex as your subjects (a woman
observes women, and a man observes men). Select one kind of eating place
in which you will observe your subjects, and focus on places where people
are either sharing or not sharing food. To mimmize potential confounds,
make sure you record the time of day and location of your observations and
keep these the same for each trial, because scanning behavior and group
dynamics may differ among the various locations and with the ime of day.
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It will take approximately ¢ hours to conduct the observations for this
lab. Spend the first hour collecting pilot data so that you will be confident
of how best to record your data and can assess what the problems and
pitfalls might be. Collect pilot data for at least two individuals from groups
of three different sizes {e.g., individuals alone, with one other person, and
with two or more people). Think about what time of day it would be best
for you to collect your data, bearing in mind not only your schedule but
also when the probability will be highest of collecting good data. For
example, you are more likely to see people eating, both alone and in
groups, around common mealtimes—a somewhat obvious but nonetheless
important consideration. Once you have a well-designed protocol, you
can use the other 5 hours for collecting your data.

In each group that you study, you will be collecting vigilance data from
only one member of the group. This individual is called the focal subject
and is chosen randomly. Select your observation site carefully so that you
can easily watch your focal subject and he or she is not aware of being
watched. For this reason, we suggest that you sit at least 3 meters away, in
a position where you can see your focal subject clearly. To test for the
group-size effect, observe the scanning behavior of focal subjects (1) cating
alone, (2) eating with another individual, and (3) eating in a group of
either 3, 4, or 5 individuals (choose one of group size 3, 4, or 5). You will
need to observe one focal subject for 5 minutes in at least 10 different
groups per group size studied (not including pilot data).

Key variables to record for each foraging group include the number and
sex of people cating at the table, the sex of the focal subject, the facial
orientation of the focal subject with respect to you {(head on, side on, etc.),
the number of times the focal subject looked up and scanned (with head
or eyes only), and the length of time spent scanning. Make sure that for
each scanning bout recorded during a trial, you record the time at which
the subject first looked up and the time at which the subject resumed
looking down. Looking directly at another person at the same table should
not be counted as scanning behavior. Use your pilot observations to decide
how vou will measure scanning behavior, and what criteria you will use.
One consideration might be how much the looking-down gaze has to
change to be recorded as the end of a scan. Another consideration will be
how to record scans that are very short. If scans are less than 2 seconds in
length, the recording durations can become very imprecise. How will you
overcome this problem? Be consistent and use the same criteria and
definition of scanning for every trial. You might also want to think about
the order of testing and to ensure that you do not make all your observations
of one group size during a single block of time.

Once you have determined how you will measure scanning behavior,
each pair should perform an interobserver reliability test (do this while
collecting pilot data). This test ensures that both observers measure and



264

Exploring Animal Behavior in Laboratory and Field

record behavior in the same way. To perform this test, both members of
a pair measure and record the scanning behavior of focal individuals
during the same 5-minute sample for each of the three group sizes.
Members of each pair then compare results to ensure 90-95% agreement.
Pairs should continue relizbility tests until this level of agreement is
achieved.

Plan to make use of partial sample periods only if they are at Jeast 3 minutes
long (sample periods may be shorter than 5 minutes as a result of changes
in group-size, the departure of your focal subject during observation, etc.).
Calculating the scanning rate (scans per minute) helps to control for
variation in length of sample periods. Also, if a 5-minute sample interval
ends while your focal subject is engaged in a scanning bout, you may
include this bout in calculating the focal subject’s scanning rate, but you
should not include it in your calculation of the mean scanning bout
duration for that subject.

Things to Think About

In this lab, you will need to decide how you are going to watch the
subjects, when and where, and what factors you should try to control for.
Please consider the privacy and welfare of your subjects and be as nonin-
trusive as possible, for their sakes and yours! Be prepared to deal with
people who question you about why they are being observed. Your
instructor may provide suggestions on how to do this.

(i} Testing between the Dilution
and Many-Eyes Hypotheses

Follow procedure (i), with the following modifications. (1) One person
will observe and record the scanning behavior of the focal subject, while
the second will observe and record the amount of conversation in the
group. (2) Study only one group size between 2 and 5 individuals. You
will still need to observe 30 focal subjects for a period of 5 minutes per
subject, but this time make sure that at least 15 of the subjects belong to
groups in which the members are talking, because you will need to
compare the scanning behavior of subjects in groups exhibiting low vs
high amounts of conversation. You can define low vs high amounts of
conversation by categorizing the groups that fall below the median con-
versation time as the low-conversation groups and those that fall above the
median as the high-conversation groups. As in procedure (i), do all your
observations at the same time of day, focus on places where people are
either sharing or not sharing food, and collect data on one focal subject
per group. (3) Conversation time needs to be measured and then is calculated
as the total time that group members spent talking in the 5-minute sample
interval. Remember that looking directly at another person at the table
does not count as scanning behavior.
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(iii} Testing hetween the Predation Risk
and Food Competition Hypotheses

Follow procedure (1), with the following modifications. Study only one
group size between 2 and 5 individuals. You will still need to observe 30
focal subjects for 2 period of 5 minutes per subject, but this time make
sure that 15 of the subjects belong to groups in which the members are
sharing food, because you will need to compare the scanning behavior of
subjects who are sharing food to that of those who are not. Be sure to do
all your observations in the same eating place and where people are likely
to be sharing food (e.g., pizza, fondue, or Chinese food). As n procedure
(1), do all your observations at the same time of day and collect data on
one focal subject per group.

(iv) Testing between the Predation Risk
and Conspecific Detection Hypotheses

Follow procedure (i), with the following modifications. (1) Study only
one group size between 2 and 5 individuals. You will still need to observe
30 focal subjects for a period of 5 minutes per subject, but this time make
sure that 15 of the focal groups are in crowded (high-traffic) eateries and
the other 15 are fairly isolated (low-traffic places where there are few other
groups). As with procedure (i), do all your observations at the same time
of day, focus on places where people are either sharing or not sharing
food, and collect data on one focal subject per group. Also record the
number of actual interactions (talking, waving, nodding, smiling) with
passersby. (2) For each focal group, record the number of passersby as an
index of the amount of traffic during your observation period (e.g., number
of people walking within 5 meters of the focal group).

DATA RECORDING AND ANALYSES

Sample data sheets for each exercise are provided at the end of this chapter.
Once you have recorded all your data, you can calculate the mean frequency
of scanning per minute (rate) and the mean scanning bout duration for all
focal subjects.

(i) Examining the Effect of Group Size
on Vigilant Behavior

Calculate the mean scanning rate and the mean scanning bout duration
for each experimental condition {e.g., for group sizes 1, 2, and 4 people).
Because you are using mean scores to summarize the data, also calculate
a measure of variance, such as the standard error, for each of the two mean
scores in each condition. These means and measures of variance will help



Exploring Animal Behavior in Laboratory and Field

you compare behavior across the three conditions and will give you an
tdea whether your data support your experimental hypothesis (vigilance
decreases with increasing group size) or the null hypothesis (vigilance does
not differ across conditions). To test whether there 1s a statistical difference
in the subjects’ vigilance across the three conditions, use one-way analysis

of variance (ANQVA).

(i) Testing between the Dilution
and Many-Eyes Hypotheses

Calculate the mean scanning rate and the mean scanning bout duration
for each experimental condition (that is, for the high-conversation groups
and for the low-conversation groups). Because you are using mean scores
to summarize the data, also calculate a measure of variance, such as the
standard error, for each of the two mean scores in each condition. These
measures will help you compare behavior in the two conditions and will
give you an idea whether your data support the many-eyes hypothesis (less
vigilance is observed among the high-conversation groups than among the
low-conversation groups) or the dilution hypothesis, which in this case is
also the null hypothesis (vigilance does not differ between conditions). To
test whether there is a statistical difference in the subjects’ vigilance in the
low- vs high-conversation groups, use independent-samples ¢ tests.

(i) Testing between the Predation Risk
and Food Competition Hypotheses

Calculate the mean scanning rate and the mean scanning bout duration
tor each condition (that is, for groups who share food and for those who
do not}. Because you are using mean scores to summarize the data, also
calculate a measure of variance, such as the standard error, for each of the
two mean scores 1n each condition. These measures will help you compare
behavior in the two conditions and will give you an idea whether your
data support the food competition hypothesis (less vigilance is observed in
groups who are sharing food than in those who are not) or the predation
risk hypothesis, which in this case is also the null hypothesis (vigilance
does not differ between conditions). Use independent-samples ¢ tests to
determine whether there is a statistical difference between the scanning
behavior of subjects who share food and that of those who do not.

(iv) Testing between the Predation Risk
and Conspecific Detection Hypotheses

Calculate the mean scanning rate, the mean scanning bout duration,
and the mean number of interactions per passersby for each condition (that
15, for groups in high-traffic and low-traffic areas). Because you are using
mean scores to summarize the data, also calculate a measure of variance, such
as the standard error, for each of the two mean scores in each condition.
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These measures will help you compare behavior in the two conditions and
will give you an idea whether your data support the conspecific detection
hypothesis (more vigilance is observed in groups located in high-traffic
areas than in groups located in low-traffic arcas) or the predation risk
hypothesis, which in this case is also the null hypothesis (vigilance does
not differ between conditions). Use independent-samples ¢ tests to test
whether thete is a statistical difference between the subjects’ vigilance in
low- and high-traffic areas.

For All Exercises

Provide graphical representation(s) (such as a table or figure) of your
results. Please remember to label the axes and to include standard error
bars in your figure. Note that you will need to do a separate test for each
of your dependent measures (scanning rate and bout duration). Please see
your instructor if you need help analyzing your data.

QUESTIONS FOR DISCUSSION

If you do not find an effect of group size on vigilant behavior in humans,
what implication does this hold for proceeding with exercises (11), (i),
and (wv)?

Are the dilution and many-eyes hypotheses necessarily mutually exclu-
sive? Justify your answer,

Why did you use only one group size when testing between (1) the
dilution and many-eyes hypotheses, (2) the predation risk and food com-
petition hypotheses, and (3) the predation risk and conspecific detection
hypotheses?

What do we assume when we use the amount of conversation as a
method of testing between the dilution and many-eyes hypotheses?

What do we assume when we use sharing food vs not sharing food as
a way to test between the predation risk and food competition hypotheses?

What do we assume when we use high-traffic vs low-traffic areas as a
way to test between the predation risk and conspecific detection hypotheses?

Why is it important to examine the behavior of individuals in single-
sex groups? Why should the observer be the same sex as the focal subject?

Aside from the hypotheses used in the exercises, what alternative expla-
nation(s) could account for the group-size effect in humans? Might these
hypotheses be applicable to other animals?

What further experiments would you conduct to better understand the
group-size effect in humans?

Interpret your results in an evolutionary framework.

Do you think results obtained in these exercises, with modern humans,
reflect the behavior of humans throughout their evolution?
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Which of the hypotheses and results do you think are unique to humans?
Which of the hypotheses and results would you expect to find in non-
human animals?
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sample Data Sheet, Exercise (i)

Sample data sheet for (1), vigilance and group size |

Copy 10 sheets for each group size, Use 1 sheet per focal subject.

Behavioral codes:

Subject’s facial orientation relative to cbserver = (H) head on, (8) side on

Use military time for scanning durations (¢.g., 8:30:45 a.m. = 08:30:45, 5:25:23 pm. = 17:25:23).

Length of focal sample will either be 5 minutes or somewhere between 3 and 5 minutes.

Group 1: One individual

Subject: Sex: Orientation: Focal length:
Day: Location: Appr. dist. from subject (m}:

Seans Start Stop

1

2

3

4

5

6

7

8

9

10
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Sample Data Sheet, Exercise (i)

Group 2:

Individuals

f = focal, o = other (Make observations only for the focal)

Subject:

Sex(f, o):

QOrientation:

Focal length:

Day:

Locaton:

Appr. dist. from subject {(m):

Scans

Start

Stop

10
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sample Data Sheet, Exercise (i)

Group 3: Individuals f = focal, o = other (Make observations only for the focal.)

Subject: Sex(f, others): Orientation: Focal length:

Day: Location: Appr. dist. from subject (m):

Scars Start Stap

10
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sample Data Sheet, Exercise (ii)

27%

Sample data sheet for (ii), testing dilution vs many-cyes hypotheses

Measuring scanning

l

Copy enough sheets for 30 subjects.

Behavioral codes:

Subject’s facial orientation relative to observer = (H) head on, (8) side on

Use military time for scanning durations (e.g., 8:30:45 am. = 08:30:45, 5:25:23 pm. = 17:25:23).

Length of focal sample will either be 5 minutes or somewhere between 3 and 5 minutes.

l

f = focal, o = other

Subject:

Sex {f, o):

Orientation:

focal length.

Day:

Location:

Appr. dist. from subject (m):

Scans

Start

Stop

Subject:

Sex (f, 0):

Orientation:

Focal length:

Day:

Location:

Appr. dist. fom subject {in):

¢

Start

Stop

| 1| on| wn| | b —

e

—
=

—
—

—
(=]

-
[

—
S

—
un
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sample Data Sheet, Exercise (ii)

Sample data sheet for (i), testing dilution vs many-eyes hypotheses
Measuring Conversation l
These data are collected simultaneously with scanning behavior, so Subject 1 here
is the saine as Subject 1 on the scanning data sheet.
Copy enough sheets for 30 subjects.
Subject: . f = focal, o = other
Conversation Bout Start Stop Duration {s) fo?
1
2
3
B 4
5
6
\ 7
8
9
10
11
12
13
14
15
Total duraton (s) =
Subject: f = focal, o other
Conversation Bout Start Stop Duration (s) fo?
1
2
| 3
4
5
6
7
8
9
10
o 11
12
13
14
15
D Tota! duration () =
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Sample Data Sheet, Exercise (iii)

275

I Sample data sheet for (1ib), testing predation risk vs food competition hypotheses

Copy enough shects for 30 subjects.

Behavioral codes:

Subject’s facial orientation relative to observer = {H) head on, (5} side on

Use military time for scanning durations (e.g., 8:30:45 am. = 08:30:45, 5:25:23 pan. = 17:25:23).

Length of focal sample will either be 5 minutes or somewhere between 3 and 5 nunutes.

Group size =  individuals f = focal, o = other

Subject; Sex (f, o): Orientation: Sharing food (y/n): Focal length:

Day: Location: Appr. dist. from subject (m):

Start Stop

—
O\Dmuo«mhum-?
&

—
—_

—
oS

—
(%)

-
R

—
w

Subject: Sex (f, o): Orientation: Sharing food (y/n): Focal length:

Day: Location: Appr. dist. trom subject (m):

Seans Start Stop

i

2 ool s o Lnf ] W] b

—
]

e
o

—
3]

—
)

—
-+

—_
w
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sample Data Sheet, Exercise (iv)

Sampie data sheet for (iv), testing predation risk vs consp

ecilic detection hypotheses

Measuring scanning

Copy enough sheets for 30 subjects.

Behavioral codes:

Subject’s facial orientation relative o observer = (H) head ou, {S) side on

Tratemactions with passersby may be scored as {T = talked, S = smiled,

N = nodded toward, W = waved at, P = physical contact)

Use military fime for scanning durations (¢.g., 8:30:45 a.m.

= 083045, 5:25:23 p.m. = 17:25:23).

Length of focal sample will either be 5 minutes ot somcwhere between 3 and 5 minutes,

f = focal, 0 = other

Subject: Sex (f, o): Orientation: Focal length:
Day: Location: Appr. dist. from subject {m}:
Scans Start Stop Interactions
1
2
3
4
5
6
7
8
9
10
11
12
13
14
i5
Subject: Sex (f, 0): Qrientation: Focal length:
Bl Day: Locaton: Appr. dist. from subject (my):
Start Stop Interactions
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Vigilance and the Group-size Effect

Sample Data Sheet, Exercise (iv)

2r7

Sample data sheet for (iv), testing predation risk vs conspecific detection hypotheses

Measuring traffic ’ I I

These data are collected simultancously with scanning behavior, so Subject 1 here

is the same as Subjcct 1 on the scanning data shect.

Copy enough shects for 30 subjects.
Subject:
Interval (Every 30 s) Number of People Walking within 5 m of Group

1

2

3

3

5

6

7

8

9

10
Average number of people =

Subject:
Interval (Every 30 s) Number of People Walking within 5 m of Group

1

2

3

4

5

6

7

8

9

10
Average number of peopie =
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ON THE COVER: An adult great egret (Ardea alba) in breeding condition preens its feathers. Preening not only removes feather lice but also
repairs small tears in feathers that interfere with their acrodynamic properties. Preening and other types of grooming behzvior are useful for learn-
ing to describe behavior (chapter 1) because such behaviar is frequent, easy to see, and consists of repeatable clements that are often fairly easy to
sketch and describe. In a variety of birds, including egrets, some courtship displays probably evolved from preentng movements. Possible evolu-
tionary sequences of such displays can be explored by mapping the displays of related species onto a phylogenetic mee {chapter 35). Photograph
by Boanie Ploger.

Given a choice of large and srmall nuts of various nutritive values and differing shell thickness, this female Eastern gray squirrel (Sciurus caro-
linensis} seems to be thwarting the experiment by tzking twa different types of nut simultaneously! Her attempt ultimately failed because, unlike
some ground squirrels such as chipmunks, gray squireels do not have cheek pouches sufficiently large to carry multiple nuts of the sizes shown,
Squirrels are excellent subjecss for studying the economics of foraging (chapter 19}. While foraging, squirrels are vulnerable to predators, but may
reduce such risks by responding ro alarm calls given by couspecifics or even other species that have detected predators (chapter 26). Photograph
by Bonnie Ploger.

This male strawberry poison frog {Dendrobates pumilio} was photographed while climbing onto its display perch. Males display by giving loud
clicking calls while perching conspicuously on slighty elevated sites near the ground that chey may defend for 2 week or more. After attracting a
female, 3 male cares for the fertilized eggs uptl they hatch and the female returns to carry cach tadpole to a separate, tiny poal formed by leaves
of bromeliad plants. The vocal displays of frogs and toads provide good opportunities for investigating variaton in male couttship in the field
(chapter 30). Tadpoles make interesting subjects for investigations of behavicral thermaregulation (chapter 6), aggregation and kin recognition
{chapter 7). Photograph by Bonnie Ploger.

In many fish, it is the male that builds the nest, as this male dwarf gourami (Colisa lalia) is doing by blowing bubbles to form 2 foamy mass in
the duckweeds at the surface of the water. With its thread-like pelvic fins extended forward, this male is also displaying to attract females and
defend his nest from rival males, Male characteristics such as size, color and behavior can influence the outcome of territorial disputes between
nales, and male ability to attract females. In many common aquarium fish, these characteristics are easily manipulated to study mate cheice (chap-
ter 31}. Photograph by Emory Maus.
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