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Summary. Belding’s ground squirrels (Spermophi-
lus beldingi) give acoustically distinct alarm calls
to aerial and terrestrial predators. The animals
typically give multiple-note trills to predatory
mammals, and single-note whistles to flying hawks.
During a 9-year study of free-living S. beldingi at
Tioga Pass, California, the adaptive significance
of the whistle call was investigated. Data were
gathered on 664 ground squirrel-hawk interac-
tions, most of which were induced by flying trained
raptors over individually marked study animals of
known sex and age. The sight of a flying hawk
and the sound of whistles stimulated widespread
calling and running to shelter by the ground
squirrels (Fig. 1). Wild raptors were rarely success-
ful at capturing the rodents once a whistle had
been given, and fewer callers than noncallers were
killed (Table 1). Individuals of both sexes and all
ages whistled equally often (Fig. 4), and females’
tendencies to whistle were not affected by the pres-
ence of relatives, including offspring (Fig. 5). The
most frequent callers were animals in exposed posi-
tions: far from cover and close to the predatory
bird (Table 2). Taken together the data suggest
that unlike trills, which increase vulnerability to
terrestrial predators (Table1) and function to
warn relatives, whistles directly benefit callers by
increasing their chances of escaping from hawks.

Introduction

Alarm calls, vocalizations given when predators
are detected, appear to be altruistic because they
alert other animals to impending danger. Recently
considerable interest has focused on determining
the adaptive significance of alarm calling among
mammals generally (e.g. Cheney and Seyfarth

1981; Ivins and Smith 1983) and ground-dwelling
sciurids particularly. Field studies of ground
squirrels (Spermophilus: Sherman 1977; Dunford
1977; Leger and Owings 1978 ; Schwagmeyer 1980;
Davis 1984), chipmunks (Eutamias: Smith 1978),
prairie dogs (Cynomys: Hoogland 1983), and mar-
mots (Marmota: Barash 1975, 1976) have revealed
sexual and seasonal differences in tendencies to
give alarm calls to terrestrial predators. In general,
the likelihood of calling is greatest when offspring
or siblings are nearby, suggesting that warning rel-
atives is a common function of such calls and im-
plicating kin selection in their evolution.

Belding’s ground squirrels (S. beldingi) typi-
cally give multiple-note alarm trills when predatory
mammals approach. The function of these calls
has been investigated in a free-living population
located near Tioga Pass, in the central Sierra
Nevada of California (Sherman 1977, 1980a).
Data from 102 predator appearances that occurred
naturally during 1974-77 were used to test among
six hypothetical advantages of giving alarm calls;
the disadvantages of calling were also investigated.
It was found that calling was dangerous, that
females called more frequently than males, and
that females’ calling tendencies were highest in the
presence of descendant and collateral kin. These
results, coupled with the ground squirrels’ matrilo-
cal population structure, suggested that alarm trills
warn relatives and thus are expressions of nepotism
(Sherman 1980b; but see Shields 1980).

Belding’s ground squirrels also vocalize when
aerial predators appear. The calls are usually sin-
gle-note whistles, acoustically quite distinct from
trills (Turner 1973; Robinson 1980, 1981; Leger
et al. 1984). The adaptive significance of whistling
was studied from 1974 to 1982 at Tioga Pass. Data
were gathered during 664 ground squirrel-hawk in-
teractions, some of which occurred naturally but
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most of which were induced by flying trained rap-
tors over the study area. The use of semi-tame
hawks allowed for control over the timing of the
birds’ appearances and flight trajectories, and for
the preselection of ground squirrels to observe
closely. Two main questions were addressed with
the data that were gathered: (1) does giving
whistles increase or decrease the vulnerability of
callers?, and (2) is alerting relatives a primary func-
tion of whistling?

Methods

Study animals. Belding’s ground squirrels are diurnal, social
rodents that inhabit the Sierra Nevada and southern Cascade
mountain ranges in the western United States (Jenkins and
Eshelman 1983). For 14 years (1969-82) Martin L. Morton
and I and our students studied a population of 200-250 S.
beldingi near Tioga Pass, California (38° N, 119° W; elevation:
3,040 m). The study area is a gently sloping subalpine meadow,
1.1 km long by 0.5 km wide. It is bordered on three sides by
stands of pine trees (Pinus contorta and P. albicaulis) and on
the fourth by Tioga Lake. Rock outcrops and 0.5-1.0 m tall
willow bushes (Salix exigua and S. planifolia) are interspersed
among the study meadow’s grassy areas.

At this study site, Belding’s ground squirrels are typically
surface-active from mid-May until early-October; the rest of
the year they hibernate (Morton 1975; Morton and Sherman
1978; also French 1982). In the spring adult (=2 year) males
emerge from hibernation 1-2 weeks before females begin emerg-
ing. A female becomes sexually receptive 4-8 days after emer-
gence, and behavioral estrus lasts 1-5 h on a single afternoon.
Both males and females mate polygamously (Sherman 1976)
and as a result the majority of litters are multiply sired (Hanken
and Sherman 1981). Each female rears a single litter of 3-5
pups per season (range 1-11) in a solitary, multiple-entrance
burrow that she digs herself. Gestation generally lasts 23-25
days, and the pups are nursed for an equivalent length of time.

Several weeks after they are weaned, juvenile male S. beld-
ingi begin dispersing (Holekamp 1983, 1984 a); they will never
return to their natal area. Adult males are also nomadic, emi-
grating between seasons. Females, by contrast, seldom disperse
and they spend their lives in the areca where they were bomn
(Sherman 1977, 1980a). In addition to the sexual dimorphism
in dispersal, there is also a marked difference between the sexes
in age-specific survival. Males apparently live only about half
as long as females on average and at the maximum (Sherman
and Morton 1984). Males disappear from the population more
rapidly due to both the dangers of dispersal and to the serious
physical injuries they inflict on each other during fights over
estrus females. As a result of sexual asymmetries in dispersal
and longevity males seldom interact with either descendant or
collateral kin, and they do not behave parentally. On the other
hand, females interact frequently with near and distant matrilin-
eal relatives throughout life, and nepotism has been highly cla-
borated among females (Sherman 1980a, 1981a, 1981b;
Holmes and Sherman 1982). Female philopatry, male dispersal,
and the formation and persistence of female kin groups are
typical of mammals generally (Greenwood 1980) and ground-
dwelling sciurids particularly (Dobson 1982; Michener 1983;
Holekamp 1984b).

Marking. Ground squirrels were captured in single-door live-
traps and handled without anesthesia, using gloves. They were

permanently marked by attaching uniquely numbered metal
(fish fingerling) tags to both ears or, when an eartag was lost,
by clipping off unique combinations of toes. To facilitate indi-
vidual identification at a distance, each study animal was also
marked with black hair dye. In the course of the research de-
scribed here, more than 3,500 S. beldingi were permanently
marked, including ca. 2,000 pups in 400 litters. Juveniles were
captured and marked within five days (usually two days) of
their first emergence above ground and because females nested
alone, assignment of young to sibling groups was unambiguous.
As a result of our consistent marking efforts, the exact ages
and maternal ancestries of most of the study animals were
known.

Staged hawk encounters. During 1974-82 1 often observed wild
raptors attempting to capture the ground squirrels, especially
in mid- to late-summer. However, because the hawks appeared
suddenly and moved rapidly, my observations of their behavior
and that of the ground squirrels were often fragmentary. In
1977 1 attempted to increase the predictability of interactions
between ground squirrels and aerial predators by sailing various
hawk-like objects over the study area. Hawk-shaped kites, sil-
houette models (e.g. Miiller-Schwarze and Miiller-Schwarze
1971), and model heliopters were used, as well as frisbees (e.g.
Davis 1984), boomerangs, and gliders (e.g. Noyes and Holmes
1979). All these attempts failed because the ersatz hawks did
not consistently elicit either alarm calls or evasive behaviors
that were similar to the animals’ responses to wild raptors.
Therefore this approach was abandoned in favor of staging
encounters with live hawks.

During 1978-81 my assistants and I conducted field experi-
ments with two different trained Harris’s hawks (Parabuteo
unicinctus). These are large buteos which are native to the south-
western United States. Although in the wild Harris’s hawks
prey heavily on diurnal mammals, particularly ground squirrels
(e.g. Table 7 in Mader 1975), in my studies they attacked only
edible lures (and not S. beldingi). My experiments consisted
of inducing a hawk to fly in a straight line over Tioga Pass
Meadow while the behavior of focal ground squirrels was being
observed. A total of 141 such raptor experiments were con-
ducted, on 26-27 July 1978 (n=26 flights), 12-13 August 1978
(n=19), 30 June-1 July 1979 (n=31), 28-29 July 1979 (n=32),
27 June 1981 (n==6), and 25-26 July 1981 (n=27). In the course
of these trials, 583 ground squirrel-hawk interactions were ob-
served, involving 306 different marked S. beldingi.

To begin a trial, 2—6 field assistants and I stationed our-
selves in widely separated observation posts on boulders, 2 m
tall tripods, or in trees. Then two handlers slowly entered the
study area, one carrying a (hooded) hawk and the other a lure.
The falconers stayed 100-200 m apart and I positioned them,
using walkie-talkies and hand signals, so that a number of active
ground squirrels were between them. Once everyone was in
place, we all remained still for at least 10 min to allow the
animals to resume their activities. During this period, each ob-
server located a ground squirrel to watch closely during the
ensuing trial. I then signalled the falconers to start the experi-
ment, and they slowly stood up and simultaneously unhooded
the hawk and held the out the lure.

Upon noticing the lure the bird typically took off and flew
toward it, at heights of 1-5 m above the ground. A trial ended
when the bird landed on or near the lure. Then the hawk was
rehooded and carried back to its original location via a circui-
tous route, to avoid disturbing the ground squirrels further.
Three precautions were taken against habituating the ground
squirrels to the hawks. First, when a set of four trials had
been completed, the observers and falconers moved to a distant
part of the study meadow before repeating the procedures. Sec-



ond, at least 15 min were allowed to elapse between the end
of one trial and the start of the next; the mean inter-trial inter-
val within a set of four was 27 min4 13 min (#=11 days of
trials). Third, no more than four sets of trials (i.e. 16 flights)
were conducted on a given day, and usually half that day’s
experiments took place in the early morning, and the other
half late in the afternoon.

Data were gathered on the behavior of as many different
ground squirrels as possible during every trial. Just before an
experiment began, each observer recorded his location on a
gridded map of the study meadow, the time and trial number,
the identity of the chosen focal animal, and its location, body
position, and distance from the nearest known burrow or bush.
At the signal to begin a trial, observers directed their attention
solely to the behavior of their focal animal and recorded the
following information in a notebook or ou tape: (1} whether
or not the focal animal moved and, if so, the distance and
direction of its movements relative to the hawk’s flight path,
(2) whether the focal animal ran to cover (e.g. bushes or bur-
rows), to promontories (rocks), or to conspecifics, (3) whether
or not the focal animal called and, if so, at what point relative
to its movement, and (4) whether the hawk was visible to the
observer and thus conceivably to the focal animal either before
or during its flight, or was instead hidden by a hill or rock
ontcrop from the observer’s view and thus presumably the
ground squirrel’s. In addition, I recorded the bird’s exact flight
path and distance, and estimated its maximum and minimum
height. If the hawk failed to fly within 5 min of being unhooded,
if it soared higher than 10 m, or if it did not fly toward the
lure, the trial was stopped. Data from such aborted trials were
not included in any of the analyses.

Data analyses, Data obtained during encounters with wild and
semi-tame hawks were combined because I observed no differ-
ences in the ground squirrels” behavior in these contexts. Fur-
thermore, neither the fraction of animals that gave alarm
whistles (y?>=1.7; P>0.1) nor the proportion of them running
to promontories versus to burrows or bushes differed signifi-
cantly (°=1.0; P>0.3) between natural and experimental cir-
cumstances. Data from all 11 days of experimental trials were
also combined after testing for habituation. To do this I exam-
ined the relationship between trial order and both the fraction
of animals that whistled and the proportion that ran to pronon-
tories versus to burrows or bushes on each of the trial days.
No correlations were found for either measure of the animals’
responses on ten of the days (i.e. all >0.05); on the eleventh,
the proportion of animals that called actually increased slightly
(P=0.03) as the day wore on. These data suggest that the pre-
cautions taken to avoid habituation were reasonably effective,
and justify combining the data from the different trials across
days.

Information on the frequency of S. beldingi alarm calling
and evasive behaviors was summarized with regard to each
animal’s age, sex, relatedness to conspecifics, and stage in the
breeding cycle. No ground squirrel was observed in more than
3 trials on one day, or more than 7 trials in a year. The ground
squirrels’ responses to aerial predators were tested for similari-
ties with their behavior toward terrestrial predators and for
differences from randomness using the G-test statistic corrected
for continuity (Sokal and Rohlf 1981, pp. 704-716). Under
the null hypothesis, ground squirrels should have called in pro-
portion to the number of times they were above ground when
predators appeared. Thus the expected frequency of random
response was calculated by counting the total number of focal
animals in each age/scx/relatedness category observed during
censuses taken immediately prior to each raptor appearance.

The ground squirrels’ directional movements relative to
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the hawk’s flight path were plotted on a scale map of the study
area. For analysis of these data, a perpendicular line was drawn
between each animal’s position at the moment the hawk took
off and the bird’s eventual flight line. Then the minimum angle
between this line and the ground squirrel’s escape path was
measured. The directional movements of animals that called
and those that did not call to the hawk were analyzed separate-
ly. First each distribution was tested for orientation using Ray-
leigh’s statistic (Batschelet 1981, pp. 54-58), and then the two
distributions were compared directly using Watson’s U?-test
(Batschelet 1981, pp. 114-118).

Results

Alarm calling

Belding’s ground squirrels are known to give sin-
gle-note whistles in the 4-6 kHz frequency range
when raptors fly into view, and multiple-note
4-6 kHz trills to predatory mammals. Sonagrams
of both these calls have been multiply published
and analyzed (e.g. Robinson 1980, p. 841; 1981,
pp. 153-154; Leger et al. 1984, p. 756).

During the present study, at least one alarm
call was given on 172 of the 199 occasions (86%)
when a wild or semi-tame hawk flew low (<50 m)
over Tioga Pass Meadow ; typically several individ-
uals whistled during each hawk appearance.
Whistles were given by 240 of the 664 focal ground
squirrels (36%), and trills were given by 31 (5%).
In other words, 240 of the 271 callers (89%) gave
whistles, demonstrating that whistles are indeed
the predominant vocalization to flying raptors. In
comparison, alarm trills were heard on 133 of 198
occasions (67%) when terrestrial predators ap-
peared during 1974-82. Trills were given by 139
of 402 focal individuals (35%) and whistles by 14
(3%); s0, 139 of 153 calls (91%) to terrestrial pre-
dators were trills. There is thus a highly significant
difference (y*=57; P<0.001) in the vocal re-
sponses of S. beldingi to predators on the ground
and in the air, in agreement with the aforemen-
tioned prior reports. Occasionally the ground
squirrels also gave acoustically distinctive single-
note calls to stationary predators; such vocaliza-
tions, called “chirps” by Leger et al. (1984), were
not heard in response to flying raptors.

Of 473 ground squirrels that apparently had
a clear view of an approaching hawk, 222 (47%)
whistled. By contrast only 15 of 158 individuals
(9%) whose view of the hawk was blocked by hills
or rock outcrops (but who could hear conspecifics’
calls) whistled. This suggests that vocal responses
of S. beldingi are stimulated mainly by the sight
of the predatory bird (Leger et al. 1979 made simi-
lar observations on California ground squirrels, S.
beecheyi). Interestingly, on 21 of the 31 occasions
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Table 1. Alarm calling and survival in Belding’s ground squir-
rels at Tioga Pass, California. All data are from observations
made during attacks by hawks (= 58) and predatory mammals
(n=198) that occurred naturally during 1974-82

Category No. of ground squirrels
Captured Escaped  Percent P (3 test)
captured
Aerial Predators
Callers 1 41 2%
Non-callers 11 28 28% <0.01
Total 12 69 15%
Terrestrial Predators
Callers 12 141 8%
Non-callers 6 143 4% <0.05
Total 18 284 6%

(68%) when ground squirrels gave trills to a hawk,
the bird was either perched or walking along the
ground and in 3 other cases (10%) the hawk was
>100 m away from the caller. Conversely, 12 of
the 14 (86%) whistles to terrestrial predators were
given when the caller was being closely pursued.
These observations suggest that the dichotomy in
S. beldingi alarm vocalizations relates more to the
imminence of danger than to predator taxonomy.

Natural hawk encounters

During 1974-82 detailed data were gathered on
the behavior of 81 S. beldingi during 58 naturally
occurring attacks by wild raptors. Goshawks (A4c-
cipiter gentilis) swooped down on the ground squir-
rels most frequently (n=27 times), followed by
Cooper’s hawks (4. cooperi; n=17), prairie falcons
(Falco mexicanus; n=38), peregrine falcons (F. pere-
grinus; n=4), and golden eagles (Aquila chrysae-
tos; n=2). On these occasions 12 ground squirrels
(10 adults and 2 juveniles) were killed: 6 by gos-
hawks, 4 by Cooper’s hawks, and 1 each by prairie
and peregrine falcons. Thus the known hunting
success of wild raptors at Tioga Pass (12 kills/58
hunts=21%) was similar to that reported in other
studies of aerial predation on ground squirrels (e.g.
Pfeifer 1980).

Interestingly, there was a positive association
between giving an alarm whistle and escaping from
wild raptors (Table 1). A far smaller fraction of
callers than non-callers were captured, and only
one of the 12 ground squirrels that were killed
had whistled. Was escape related to calling per se
or simply to being alerted? Of the 42 callers that
exhibited escape behavior, only 1 (2%) was

Females’ Responses to:

Aertal Predators
(n=358)

Terrestrial Predators
{n=169}

Behavior R

Freeze or No Response
Sit Up

Run to a Conspecific
Run te a Rock

Run to a Bush

Run to a Burrow

6= 309, p<0.001

Males’ Responses to:

Aerial Predators Terrestrial Predators
{n=77} (n=7}
.60 40 .20 00 .20 .40 .60

L 1 L 1 L

Freeze or No Response
Sit Up

Run to a Conspecific
Run to a Rock

Run te a Bush

Run to a Burrow

G=423, p<0.001

Fig. 1. Behavior of female (upper) and male (lower) Belding’s
ground squirrels at Tioga Pass, California toward aerial preda-
tors or conspecifics’ alarm whistles versus terrestrial predators
or alarm trills. The number of responses observed (1) and the
results of G-tests comparing responses to aerial and terrestrial
predators are shown. The data on responses to hawks are pre-
sented for the first time here; data on responses to predatory
mammals are from Sherman 1977 (Table 3, p. 1251)

caught; in contrast, of 23 non-callers that exhibited
escape behavior, 5 (22%) were killed (y*>=6.6; P<
0.01). These data indicate that wild raptors were
rarely able to capture alerted ground squirrels,
especially if they whistled. In contrast, terrestrial
predators attacked (Sherman 1977) and killed (Ta-
ble 1) a greater proportion of callers than non-
callers. Giving alarm trills to predatory mammals
is apparently more dangerous than whistling in the
presence of hawks.

Evasive behavior

When wild or trained raptors flew low over Tioga
Pass Meadow, the ground squirrels quickly sought
cover (Fig. 1). Males and females behaved similar-
ly, and usually they scurried to burrows or bushes.



Timing of Alarm Calls to:

Aerial Predators
(n=203)

Behavior .6‘0 , .AIO | .ZIO | .OIO .20

Call Without
Running

Call Befare
Running

Call While
Running

Calt After
Running

G=242, p<0.001

Upon reaching safety they occasionally sat up and
looked toward the predator with only their head
and shoulders exposed. The ground squirrels’ re-
sponses to mammalian predators were quite differ-
ent (Fig. 1). When coyotes (Canis latrans), badgers
(Taxidea taxus), long-tailed weasels (Mustela fren-
ata), or dogs appeared, both males and females
typically ran to a rock or else sat up in place. Thus
the ground squirrels behaved in ways that en-
hanced their view of terrestrial predators and, inci-
dentally, their visibility to human observers.

Most S. beldingi that whistled to flying hawks
vocalized while running to safety, rather than prior
to movement or subsequent to reaching refugia
(Fig. 2). By contrast, relatively few individuals
trilled to terrestrial predators when they were on
the run; instead they generally called after reaching
a vantage point and standing up. Because whistles
were unmodulated, of short duration (see Fig. 2C
in Leger et al. 1984), and were usually given only
once or twice by a moving ground squirrel, callers
were exceedingly difficult for humans and perhaps
predators to locate (e.g. Marler 1955, 1956).

When hawks were seen or alarm calls were
heard, ground squirrels typically ran to the shelter
nearest them. Of 57 animals that entered a burrow
after a raptor appeared, 49 (86%) went to the near-
est hole and did not pass up hiding in any other
known burrow or any bush during their dash for
safety; in 18 of these cases (32%) the nearest hole
was the animal’s own burrow. Likewise, of 40
ground squirrels that entered bushes as refugia,
36 (90%) did not pass by any other bushes or any
known burrow. Turner (1973) also observed that
when hawks appeared, S. beldingi dove into the
nearest burrow, regardless of its number of surface
openings; additionally, he found that the animals
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Terrestrial Predators
(n=110)

.60

Fig. 2. Timing of alarm calling to predators by
Belding’s ground squirrels relative to their
escape behaviors. Calling responses to aerial
(left) and terrestrial predators (right) are shown,
along with the number of individual responses
observed (1) and the results of a G-test
comparing the animals’ behavior toward the
two types of predators

Escape Directions of Ground Squirrels that :

Whistled Did Not Whistle

(n=24)

r=0.08, z=0.27
p=0.77

r=0.11, z=0.30
p=0.74

uZ-0.01, p>0.30

Fig. 3. Directionality of Belding’s ground squirrels’ escape
movements relative to the hawk’s flight path (0°). The number
of responses observed (#) is indicated for ground squirrels that
called (left) or did not call (right). The latter animals could
not have seen the predatory bird (due to an intervening hill
or rock outcrop). Also shown are the results of Rayleigh’s tests
for orientation of each distribution, and a Watson’s U?-test
directly comparing the orientation of the two distributions

reacted to terrestrial predators by seeking out bur-
rows with =2 openings.

The escape movements of ground squirrels that
whistled to a flying raptor were similar to those
of animals that did not call (Fig. 3). Whether or
not they vocalized, individuals attempted to escape
by running to the nearest shelter, and their direc-
tional movements were random relative to the po-
sition of the bird. In this comparison (Fig. 3) the
41 callers were in the hawk’s path of flight (<50 m
away), while the 24 non-callers could not have seen
the predator because of their positions behind ob-
structing hills or rock outcrops. The implication
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Whistles to Aerial Predators

Expected to Call Observed to Call
Category 80 60 40 20 0 20 40 60 80

! S S T S S T S

Adult Females L

Adult Males J; A
L

1 -Year Females A{

(n=210)
G= 4.8, p>0.50

1 -Year Males
Juvenile Females

Juvenile Males

Trills to Terrestrial Predators

Expected to Call QObserved to Call
80 80 40 20 0 20 40 60 80
1 i

- SN S S T |

Adult Females
Adult Males

1 -Year Females
1- Year Males
Juvenile Females

Juvenile Males

{n=127)
G= 735, p<0.00!

Fig. 4. Expected and observed frequencies of alarm calling to
aerial (upper) and terrestrial (lower) predators by various age/
sex classes of Belding’s ground squirrels. Expected values were

determined by assuming that animals called randomly; that*

is, in proportion to the frequency with which they were present
in censuses of all above ground animals taken just prior to
the appearances of predators. The number of individuals that
gave calls (n) is shown, along with the results of G-tests compar-
ing expected and observed calling frequencies. The data on
whistles are new; the comparative information on trills are red-
rawn from Sherman 1977 (Fig. 3, p. 1249)

is that alerted individuals behaved similarly, re-
gardless of whether or not the predatory bird was
visible to them (Turner 1973 and Robinson 1981
made similar observations).

Effects of sex and age

Belding’s ground squirrels of both sexes and all
ages gave alarm whistles to hawks (Fig. 4). Sur-
prisingly, there was no significant difference be-
tween the observed number of callers in various
age/sex categories and that expected under the null
hypothesis that calls were given randomly. Al-
though females called more often than males, this
difference was proportional to the greater number
of females in the population (Sherman and Morton
1984). The data indicate that the probability of
a ground squirrel giving an alarm whistle at the
approach of an aerial predator was independent
of its sex or age.

The pattern of calling to terrestrial predators
was considerably different from the vocal response
to hawks (Fig. 4). When predatory mammals ap-
peared, adult and yearling females called more of-
ten than random expectation, while adult and year-
ling males called less frequently than expected.
These asymmetries implied a nepotistic function
for the S. beldingi alarm trill (Sherman 1977). The
vastly different pattern of vocal response to aerial
predators at the same study site suggests that alarm
whistles may function in a different context.

Effects of kinship and season

The likelihood that female S. beldingi would give
alarm whistles to hawks did not vary significantly
with the time in the breeding season. Females
called equally frequently regardless of whether they
were pregnant (41 of 109 pregnant females called:
38%), lactating (35/101 called: 35%), or living
with weaned young (86/214 called: 40%). Kinship
also did not seem to affect calling tendencies
(Fig. 5), and females whistled equally frequently
regardless of whether offspring, sisters, or their
mother were alive. Reproductive “nonresident” fe-
males, known to be >100 m from their nest bur-
rows when the hawk flew over, called slightly more
often than reproductive residents.

In contrast, reproductive condition and the ex-
istence of both descendant and collateral kin
strongly affected females’ calling behavior to pred-
atory mammals (Fig. 5). Females trilled when rela-
tives were most likely to be alerted and remained
silent when no kin lived nearby. Furthermore, re-
productive residents called more frequently than
nonresidents. Again the data imply that different
factors affect the ground squirrels’ tendencies to
trill and to whistle.

Effects of vulnerability

The likelihood that a ground squirrel would give
an alarm whistle varied with its proximity to both
the predatory bird and to refugia (Table 2). Inter-
estingly, the most consistent callers were animals
who were farthest from a burrow or bush when
a low-flying raptor suddenly appeared close to
them. At the other extreme, ground squirrels near
safety rarely whistled at distant hawks. Between
these extremes the frequency of calling varied sys-
tematically: the closer an animal was to a hawk
and the farther it was from a hiding place the more
likely it was to whistle.

Proximity to conspecifics also appeared to af-
fect S. beldingi calling tendencies. During 1978-82
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Aerial Predators
Category of .80 40 .00 40
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Terrestrial Predators
.80
L.

Females L L L 1 I 1 1 1 1]

s,
2z

.

Reproductive « No Kin

Nonreproductive + No Kin

Reproductive + Descendants (n=28)

Reproductive + No Kin p>0.3

Reproductive + Mother or
Collateral Kin

Reproductive « No Kin

v
Reproductive Nonresidents p<005 777777}

Reproductive Residents (h=109)

Table 2. The effects of proximity to cover and to a hawk on
the frequency of alarm whistling. The proportion of ground
squirrels that whistled is shown as a function of the distance
between the animal’s position when the hawk took off and
both the bird’s flight line (rows) and the closest burrow or
bush (columns). Sample sizes are in parentheses

Distance Distance to nearest burrow or bush (m)
to the hawk
(m) 0.0* 0105 0.6-20 21-50 >5.0
>100 0% 0% 13% 25% 20%
® 13) (15) @ &)
81-100 0% 13% 1% 0% 50%
&) (8 ® 3 “)
61-80 0% 6% 25% 66% -
) amn (12) €) ©
41-60 6% 9% 32% 22% 75%
an 49 22 ) @
21-40 18% 9% 45% 50% 1%
amn (41) 42 (18) O]
6-20 18% 33% 58% 79% 100%
(22) 49 (52) 14 %
0-5° 28% 63% 88% 88% 100%

(18) (5D (26) ® M

* These animals were partially in a burrow or bush when the
hawk took off
 These animals were directly under the hawk’s flight path

nine different females nested on one of several
grassy hillocks that were surrounded by willows.
The burrows of these “island” nesting females
were relatively isolated, and their nearest neighbors
lived 108.7+17.4m away. By comparison, the
inter-burrow distance of females not living on these
habitat islands was 36.1+11.6m (n=52). The
alarm calling behavior of the nine isolated females
was compared with that of 17 others who nested

‘F,'L}fg; Fig. 5. The effects of kinship and residency on
the frequency of alarm calling to aerial (left)
and terrestrial (right) predators by female
Belding’s ground squirrels. The total number of

(n=23) . . .

p<0.p3 times that calls were given (n) by females in
each paired category is shown, along with the
results of G-tests comparing the distribution of
calling in each category with that expected if

{(n=16) . X

p<0.03 calls were given randomly (see Fig. 4).
“Reproductive” females were either pregnant,
lactating, or living with weaned young. The
data on whistles are new; the comparative

(F:o7:z))5 information on trills are from Sherman 1977

(Table 2, p. 1250)

<30 m from conspecifics. All 26 females were ei-
ther two or three years old, and were lactating
at the time their behavior was observed; none had
any living daughters or sisters. An “isolate” fe-
male was sitting <0.5 m from a burrow or bush
and <20m from the trained hawk’s flight path
on 28 occasions; five times (18%) such females
gave alarm whistles. In contrast, “social” females
were observed in the same proximity to safety and
to the hawk on 81 occasions, and 40 times (49%)
they whistled. Thus social females were significant-
ly more likely to give whistles than solitary females
(*=7.3; P<0.01).

Discussion

Research on the adaptive significance of sciurid
alarm calls to predatory mammals has proliferated,
and the evidence now indicates that warning kin
is a common function of such vocalizations (e.g.
Hoogland 1983; Davis 1984). Not surprisingly,
given the close genetic relationships and thus the
similar reproductive interests of callers and warned
individuals, considerable “honest” information
(Krebs and Dawkins 1984; Markl 1985) appears
to be encoded in sciurid alarm calls. For example,
California ground squirrels give acoustically discri-
minable calls to different predator species (Leger
et al. 1980; Owings and Leger 1980). In field play-
backs of these call variants the ground squirrels’
escape responses mimic those observed when the
various predators are actually present (Leger and
Owings 1978; Leger et al. 1979). Field playbacks
of recorded alarm vocalizations also stimulate ap-
propriate escape behavior in thirteen-lined (S. tri-
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decemlineatus: Schwagmeyer and Brown 1981) and
Columbian ground squirrels (S. columbianus: Har-
ris etal. 1983). Although the calls of Belding’s
ground squirrels are apparently not as predator-
specific as are those of S. beecheyi (Leger et al.
1984), S. beldingi do discriminate between danger-
ous and harmless animals, near and distant preda-
tors, and rapidly versus slowly moving predators
(Robinson 1980).

Several species of ground squirrels predictably
give alarm calls to aerial predators that are audibly
distinct from their calls to predatory mammals.
Asin S. beldingi the former are usually single-note
calls that are given once or twice, while the latter
are multiple-note trills given repetitively. Species
with dichotomous alarm vocalizations include
Uinta (S. armatus: Balph and Balph 1966), Arctic
(S. parryi: Melchior 1971), California (Fitch 1948;
Owings and Virginia 1978), and Richardson’s
ground squirrels (S. richardsonii: Davis 1984; also
Koeppl et al. 1978); on the other hand, thirteen-
lined (Matocha 1977; Schwagmeyer 1980) and
round-tailed ground squirrels (S. tereticaudus:
Drabek 1970, p. 44; Dunford 1977) trill at predato-
ry mammals but are typically silent when hawks
approach. Usually it is argued that as Robinson
(1981, p. 163) put it, “... trills and chirps [in S.
beldingi], and corresponding calls among other
ground squirrels, functionally label slow-develop-
ing, ‘low-risk’ and fast-developing, ‘high-risk’ sit-
uations, respectively” (see also Owings and Hen-
nessy 1984). In support of this hypothesis, Arctic
(Melchior 1971), California (Leger et al. 1980), and
Belding’s ground squirrels sometimes trill at
perched or distantly soaring hawks and whistle
when closely pursued by predatory mammals.

Until recently, the adaptive significance of
sciurid aerial predator (or ““high risk’’) alarm calls
had not been investigated. In the first of such ef-
forts Davis (1984) compared the vocal responses
of Richardson’s ground squirrels to predatory
mammals with their behavior toward real and arti-
ficial aerial predators (hand-thrown frisbees). He
reported that both sexes called equally often to
all types of “predators,” and that adult females
with young called significantly more often to fris-
bees than adult females without young. Because
in his study population both male and female S.
richardsonii lived near kin, Davis concluded that
warning close relatives was the most likely function
of both the whistled and trilled alarm vocaliza-
tions. Interestingly, Davis’s data (Table 4 in Davis
1984) also reveal that during the artificial hawk
experiments, females with young (the callers) were
on average twice as far from their burrows (0.9 m

vs 0.4 m) when the frisbee passed directly over
them than were females without young (the non-
callers). This suggests that alarm whistling by fe-
male S. richardsonii may be affected by distance
from refugia in the same way as in S. beldingi (Ta-
ble 2; also Robinson 1980) and S. beecheyi (Leger
et al. 1980), and raises the possibility that warning
kin is not the sole function of the S. richardsonii
alarm whistle.

I began the present study to see if Belding’s
ground squirrels’ alarm whistles to flying hawks
warn relatives. To my surprise, the data indicated
that unlike trilling, whistling tendencies were not
affected by age, sex, or kinship (Figs. 4 and 5).
Furthermore, predatory mammals were attracted
to individuals who trilled, and they attacked (Sher-
man 1977) and killed (Table 1) more callers than
noncallers. In contrast, free-living hawks were
rarely successful at capturing callers, or indeed any
ground squirrels after an alarm whistle had been
given (Table 1). Taken together, these results sug-
gested the intriguing possibility that the whistled
and trilled alarm calls involve different costs and
benefits, and serve different purposes.

Two sorts of observations support the hypothe-
sis that alarm whistling directly benefits the caller.
First, the most frequent whistlers were individuals
who were apparently in the greatest danger: those
farthest from shelter and those closest to the hawk
(Table 2). Second, ground squirrels typically called
coincident with running toward shelter rather than
after reaching it (Fig. 2). In both cases, callers were
animals that had the most to lose if whistling were
dangerous and the most to gain if it increased their
chances of escape. Parallel observations and rea-
soning led Noyes and Holmes (1979) to conclude
that alarm calls of hoary marmots (M. caligata)
to aerial predators also involve minimal risk.

During their field study of alarm communica-
tion in California ground squirrels, Leger et al.
(1980, p. 242) saw “...several raptor attacks
aborted when alarm calls rang out and squirrels
ran in all directions.” They hypothesized that the
hawks may have been momentarily startled or con-
fused by the rapid appearance of numerous scurry-
ing, vocalizing animals. Presumably calling S. bee-
cheyi benefitted through both “pandemonium”
(Neill and Cullen 1974; Owens and Goss-Custard
1976) and “selfish herd” effects (Hamilton 1971).
It is possible that this mechanism also could ac-
count for the failure of hawks to capture alerted
Belding’s ground squirrels. At Tioga Pass, the ap-
pearance of hawks and/or the sound of whistles
stimulated an instantaneous, almost explosive ap-
pearance of many calling, dodging animals. To hu-



man observers, the scene suddenly became chaotic;
then, just as suddenly, the animals disappeared.
Although not conclusive, the behavior of female
S. beldingi who nested in relative isolation supports
the mechanism suggested by Leger et al. (1980).
Such females could not benefit from confusion or
selfish herd effects to the same extent as more
group-living conspecifics, and they gave alarm
whistles significantly less often. Carrying this argu-
ment a step farther, it is interesting that thirteen-
lined ground squirrels, which do not call when
hawks approach (Schwagmeyer 1980), habitually
live at considerably lower densities (Vestal and
McCarley 1984) and in deeper cover (Evans 1951)
than the five spermophiles with dichotomous
alarm calls.

Twenty-six years ago, before kin selection had
been implicated in the evolution of alarm calls (e.g.
Hamilton 1964; Maynard Smith 1965; Williams
1966, p. 207), Peter Marler suggested (1959, p. 177)
that the “calls given by various song birds, includ-
ing the chaffinch, when a hawk flies over, have
precisely the structure we have predicted, namely
a high-pitched pure tone, beginning and ending
gradually, sounding rather like the squeak of a
finger on glass. We must conclude that these small
birds have evolved a call for this particular situa-
tion that is capable of warning others of their peril
while at the same time exposing themselves to a
minimum of danger. Even though small birds must
also have difficulty in locating this call, this is no
disadvantage, for their immediate response is to
fly to the nearest cover, irrespective of the direction
of the call or of the hawk”.

The behavior of alerted Belding’s ground squir-
rels (Fig. 3) paralleled that of the songbirds de-
scribed by Marler. Furthermore, individual S.
beldingi whistled in moments of extreme danger,
thereby apparently increasing their own chances
of escape. By informing conspecifics that danger
was imminent, callers enabled listeners to rush for
shelter, thereby creating predator-confusing pan-
demonium and a group in which to hide. This scen-
ario forms the essence of the “manipulation” hy-
pothesis proposed by Charnov and Krebs (1975)
to explain the adaptive significance of alarm calls.
However in the ground squirrels there was no evi-
dence that the “manipulation” involved misinfor-
mation; indeed, the escape responses of callers
(Fig. 3) were indistinguishable from those of
alerted noncallers who could not see the hawk.

Why were there no sexual asymmetries in alarm
whistling, given the ground squirrels’ matrilocal
population structure? I hypothesize that if the first
individual who sees an attacking raptor flees with-
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out calling, it not only forgoes the potential bene-
fits of both predator confusion and selfish herd
effects, but also risks being singled out because
of its movement. On the other hand, any individual
who hears a whistle but fails to immediately seek
shelter risks being targeted as the only stationary
prey or the only animal left once the others have
departed. These hypothetical penalties for ““cheat-
ing” may explain why most hawk appearances eli-
cited whistles and why whistles typically caused
rapid escape behavior. Furthermore, they suggest
the reason why male ground squirrels called as fre-
quently as did females (Fig. 4). That is, the no-
madic, nonparental males gained the same sorts
of immediate benefits from calling as did the seden-
tary, highly parental females; conversely, males did
not benefit themselves or their kin by trilling at
terrestrial predators, and so they remained silent
unless closely pursued.

The foregoing considerations do not rule out
two other ways in which S. beldingi might benefit
themselves by giving an alarm whistle. First,
whistles might indicate to attacking raptors that
they have been seen, thus discouraging their pur-
suit (e.g. Smythe 1970; Woodland et al. 1980; Til-
son and Norton 1981). Second, whistles might star-
tle predators (e.g. Humphries and Driver 1970),
or misdirect their attacks due to the calls’ ventrilo-
quial characteristics (e.g. Perrins 1968; Brown
1982). Controlled studies of attacks by raptors on
S. beldingi and the details of their behavior toward
callers and noncallers are necessary to test these
alternatives.

Regardless of the outcome of such tests, it is
clear that both the form and function of Belding’s
ground squirrels’ alarm calls to terrestrial and aer-
ial predators differ: while trills are expressions of
nepotism, whistles involve self-preservation. Thus
alarm calls, like other aspects of the animals’ social
behavior, contain elements of both phenotypic al-
truism and selfishness. It will be interesting to see
if similar functional dichotomies characterize the
different alarm calls of other vertebrates.
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