Do yellow-bellied marmots respond to predator vocalisations?
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We designed an experiment to determine whether yellow-bellied marmots, Marmota
flaviventris, discriminate among predator vocalisations, and if so, whether the recognition
mechanism is learned or innate. We broadcast to marmots the social sounds of coyotes,
Canis latrans, wolves, Canis lupus, and golden eagles, Aquila chrysaetos, as well as
marmot alarm calls. Coyotes and eagles are extant predators at our study site, while
wolves have been absent since the mid-1930s. In a follow-up experiment, we reversed
the eagle call and presented marmots with forward and reverse calls to control for
response to structural characteristics of the call. Marmots suppressed foraging and
increased looking most after presentation of the alarm call and least after that of the
coyote, with moderate responses to wolf and eagle calls. Marmots foraged significantly
less and looked significantly more after hearing the forward eagle call as compared to the
reverse call. Our results show that marmots do differentiate between predators based on
acoustic stimuli. The response to currently novel wolf calls suggests that they have an
innate ability to identify predators acoustically. Marmots’ response to predator
vocalisations is not unexpected because 25 of 30 species in which this has been studied

have a demonstrated ability to respond to acoustic cues from their predators.



Individual animals use sensory cues in a variety of modalities (e.g. olfactory, visual, and
acoustic) to assess predation risk and make subsequent behavioural decisions (Lima &
Dill 1990). In some cases, individuals respond appropriately to these cues the first time
they encounter them (i.e., they are innate); in other cases animals must learn to respond to
stimuli (Berger et al. 2001; Griffin et al. 2001; Gil-da-Costa et al. 2003). Different
modalities may employ different mechanisms. Visual predator recognition is likely to be
innate, because it is a reliable predictor of predator presence, and because the evolution of
predator form is convergent (Blumstein et al. 2000b). Olfactory cues can be misleading
in that they remain once an animal is no longer in the area (Bouskila & Blumstein 1992).
Evidence from a variety of fish suggests that olfactory recognition typically involves
learning, whereas visual predator recognition skills are largely based on unlearned
predispositions (Kelley & Magurran 2003; Kristensen & Closs 2004). Although acoustic
cues reliably predict the presence of a predator, acoustic recognition may depend on
relatively specific cues, because predator vocalisations are structurally divergent
(Blumstein et al. 2000b). Thus, it seems likely that the mechanism involved is learned
rather than innate (Berger et al. 2001; Gil-da-Costa et al. 2003). Although predators are
usually quiet while hunting, a systematic literature review suggests that many species of
birds and mammals do respond to the sounds of their predators or to predator-related
sounds (see results). Given the general ability of a variety of species to recognize
predators acoustically, we aimed to determine whether yellow-bellied marmots, Marmota
flaviventris, are capable of acoustic predator recognition, and if so, to identify the

mechanisms involved.



This is theoretically interesting (Lima & Dill 1990), as well as having applied value
in conservation (Berger 1998; Jones et al. 2004). With the widespread contraction of
large carnivore ranges over the last century (Pyare et al. 2004), many former prey species
have fewer significant predators (Berger et al. 2001). Predator recognition capacities may
be lost or not, depending on the mechanism used. Some species retain effective
responses to predators after long periods of isolation (Blumstein et al. 2000b), while
others lose their responsiveness. If responding to non-predators as though they are
predators when no predators are present is costly, then recognition abilities may be lost
under relaxed selection. Once recognition abilities are lost, prey will be vulnerable to
former predators upon re-contact (Coss 1999). If the mechanism is learned, however,
prey should be able to adapt quickly to the presence of reintroduced predators (Griffin et
al. 2000). Berger et al. (2001) found that acoustic predator recognition in moose, Alces
alces, is learned; naive moose are capable of processing information about novel
predators within a single generation. Rapidly learning to avoid newly reintroduced
predators may be a key component to the survival of many endangered prey species over
the next several centuries.

We conducted a playback experiment designed to determine the degree to which
yellow-bellied marmots discriminate among and respond to the vocalisations of coyotes,
Canis latrans, wolves, Canis lupus, and golden eagles, Aquila chrysaetos. The ability of
marmots to respond to wolf calls is topical, because wolves have been reintroduced into
Wyoming, Idaho, Montana, New Mexico, and Arizona by the U.S. Fish and Wildlife
Service over the past decade, and may disperse into Colorado within the next few years

(Colorado Division of Wildlife 2004). A young wolf from Yellowstone was found dead



near Denver, Colorado in early June, 2004; a dispersal of nearly 500 miles, if she moved
on her own (Elliott 2004). The effect of wolf reintroduction on marmot populations
depends to some extent on the marmots’ ability to respond to wolves as threatening.
While wolf and coyote calls are somewhat similar in structure, wolves are currently
extinct while coyotes are extant. A response to wolves as well as to coyotes and eagles
might suggest that acoustic predator recognition is innate in marmots. Response to
coyotes and eagles, but not to wolves, could be interpreted as either loss of an innate

mechanism or existence of a learned mechanism.

METHODS

Literature Review

We used the 1969 — 2004 Biosis database to search the key phrases ‘acoustic predator
recognition,” ‘predator vocalizations,” ‘predator vocalisations’, ‘response to predators,’
and ‘playback experiments and predation.” We then used the Web of Science to find
additional papers that cited the initial set of articles. We determined relationships
between species using McKenna & Bell (1997) and Wilson & Reeder (1993), and then
created a partial phylogeny with MacClade 4.03 (Maddison & Maddison 2001) of the 30
species for which acoustic predator recognition had been studied. We then reconstructed,

using parsimony, the evolution of acoustic predator recognition.

Predator Playback Experiment
We conducted all experiments with free-living marmots in the East River Valley in

and around the Rocky Mountain Biological Laboratory (RMBL), in Gunnison County,



Colorado, USA during the summer of 2004 (May — July). Marmots were live-trapped
and individually marked with ear tags (for permanent identification) and non-toxic fur
dye (for identification from a distance, Armitage 1982) as part of a long-term study of the
East River Valley marmot population.

We observed the reaction of foraging marmots to playback of golden eagle, wolf,
and coyote social vocalisations, as well as to playback of marmot alarm calls. The
populations under observation are currently exposed to coyote and golden eagle predation
(Van Vuren 2001). Wolves were mostly eradicated in Colorado by the mid-1930s, with
five individuals reported for all Colorado National Forests in 1941 (Warren 1942).
Marmots are known to respond to conspecific alarm calls, which are associated with
potentially threatening stimuli; marmot alarm calls communicate risk, but not predator
type (Blumstein & Armitage 1997). Blumstein & Armitage (1997) found that marmots do
not respond to familiar non-predator avian contact calls. Thus, in order to minimize the
number of playbacks heard by subjects, we did not include a familiar, non-predator
control stimulus in this experiment. The structure of contact and social calls are often
systematically different from those of alarm and mobbing vocalizations (Marler 1955;
Johnson et al. 2003). Thus, to minimize the number of experimental presentations, and
thus reduce the risk of overall habituation to our experiment, we did not include a novel,
non-predator control stimulus. We interpreted any change from baseline time allocation
as a response to the acoustic stimulus.

We used two exemplars of each type of predator call (sample rate 44.1 kHz, 16-bit
amplitude encoding) to sample natural variation in acoustic structure (Fig. 1). Calls were

obtained from commercial sound archives and were not recorded locally. We recorded



alarm calls using Audix OM-3xb microphones (frequency response = 40 Hz — 20 kHz)
20-40 cm from calling subjects, onto digital audio tape decks (Sony PCM-M1 or Tascam
DA-P1) sampling at 44.1 kHz with 16 bit resolution from marmots contained in live
traps. Alarm calls were acquired or transferred through a MOTU 828 Firewire external
digital board (Mark of the Unicorn, Cambridge, Massachusetts), to a Macintosh
PowerBook G4 (Apple Computer, Cupertino, California), using Canary 1.2 (Charif et al.
1995). All stimuli were then edited and normalized to match peak amplitudes in
SoundEdit 16 (Macromedia 1995), and transferred for playback through an iPod (Apple
Computer, Cupertino, California). We used eight different alarm call exemplars, with all
marmots hearing alarm calls from unfamiliar animals from different social groups.
Marmots were baited with a handful of Omolene 300 horse feed (Ralston Purina Inc.,
St. Louis, Missouri) to a location 1-2 m from their burrow. For all experiments, we
broadcast calls to non-pups (i.e. yearlings and adults). We have no evidence to suggest
that systematic differences exist in how these different age-sex categories respond to
playbacks. Calls were broadcast to 28 subjects (six adult females, three adult males, nine
yearling females, ten yearling males) in six groups (River South Mound, River Spruce
Mound, Marmot Meadow Main Talus, Marmot Meadow Aspen Burrow, Bench, and
Gothic Townsite). Each animal was exposed to four calls, typically no more than one per
day. The order of call presentation was counterbalanced, to control for order effects.
Once animals were foraging at the bait, the three-minute playback was started.
Normalized calls were played back at 95 dB SPL from a speaker placed 10-12 m from the
bait. Each sound track started with 1 min of silence, in order to obtain baseline time

allocation for an individual. This was followed by an additional 2 min, with the playback



at the beginning of the second minute. We observed and video recorded foraging
marmots with a Cannon GL-1 mini-DV digital video recorder at distances that did not
obviously affect their behaviour (40 — 80 m, depending upon the individuals and the
terrain).

We aimed to have subjects hear only their ‘own’ playback stimuli, but sometimes,
more than a single individual was at the bait. On average, an individual heard 2.9 other
playbacks (SD = 2.6, median = 2) before each of their predator playbacks, including the
other playbacks directed to an individual. The average interval between playbacks was

51.1 h (SD = 81.5 h, median = 23 h).

Forward/Reverse Eagle Playback Experiment

Preliminary observations suggested that marmots responded more to eagle calls
compared to other predator vocalisations. We thought that marmots might be attending to
the acoustic features of the eagle call, rather than responding to the species per se; the
call’s pulse-like structure is reminiscent of marmot alarm calls (Fig. 1) and a previous
study demonstrated that marmots can respond to alarm calls from novel species
(Blumstein & Armitage 1997). Therefore, we conducted an additional playback
experiment where we reversed the eagle call and contrasted the response to the reversed
call with the response to an un-manipulated eagle call. No difference in response
between the two calls would suggest that marmots did not attend to the underlying
meaning of the call; rather, they reacted to an alarming pulse-like sound.

We reversed the call using SoundEdit 16 (Macromedia 1995, Fig. 1). Each foraging

marmot was exposed to a standard eagle call, and the same call in reverse on a



subsequent day. We used the same experimental technique as with the previous
experiment; the order of the calls was counterbalanced, as before. Calls were broadcast
to 16 subjects (six adult females, one adult male, three yearling females, and six yearling
males) in six groups (River South Mound, River Spruce Mound, Marmot Meadow Main
Talus, Marmot Meadow Aspen Burrow, Bench, and Gothic Townsite); all individuals had
been previously exposed to the predator playback sequence. On average, an individual
heard 0.67 other eagle playbacks (SD = 0.66, median = 1) before each of their eagle
playbacks, including the other playbacks directed to an individual in this experiment.

The average interval between playbacks was 100.0 h (SD = 109.9 h, median = 23.9).

Data Analysis

A single observer (L.B.C.) scored the videotapes for both experiments using
JWatcher (Blumstein et al. 2000a). We noted the onset of bouts of foraging, standing
quadrupedally and looking, rearing up and looking bipedally, walking, running, self
grooming, social interactions, time spent in burrow, and time spent out-of-sight. For each
playback, we subtracted time allocation following stimulus presentation from the 1 min
baseline period to control for differences in the amount of time allocated to foraging by
each individual at the start of an experiment. We calculated the difference from baseline
in the proportion of time allocated to foraging, heightened vigilance (rearing and
looking), total vigilance (stand looking and rear looking), locomotion (walking and
running), and time spent in the burrow. While we visually explored all the data, the
difference from baseline in time allocated by individuals to foraging was our primary

assay, because all subjects foraged before playback and responded to the playback by



decreasing foraging. Following playback, marmots primarily traded-off foraging with
vigilance, but they also spent some time in locomotion or inside their burrow. We
analysed time allocation in the first 15 s of playback because responses to acoustic
stimuli were brief and subjects resumed their initial behaviour.

For the first experiment, we fitted repeated-measures general linear models to explain
variation in the difference from baseline in the proportion of time spent foraging and the
difference from baseline in the proportion of time spent engaged in high vigilance
combined with the time spent in the burrow (hereafter high vigilance plus burrow) during
the first post-stimulus 15 s time bin of the playback. We used Mauchly’s test to test for
sphericity; in all cases we were unable to reject the hypothesis of sperhicity. We thus
report P-values that assume sphericity. We used a Bonferroni adjustment to control for
multiple comparisons after setting our experiment-wise significance level at 5%. We also
fitted repeated-measures general linear models examining the response of marmots over
the entire minute including and following the playback to look for any significant
interaction between stimulus and time. Specifically, we fitted a model that included
stimulus, time in the four 15 s time bins, and the interaction between stimulus and time.
We tested for order effects by fitting a repeated-measures general linear model focusing
on the first 15 s where the playback order, rather than the playback stimulus, was the
factor. Finally, we regressed the number of previous playbacks heard and the number of
other individuals above ground and in the vicinity of the focal subject (within earshot of
the speaker) during the playback against the difference from baseline in the proportion of

time spent foraging and difference in time spent in high vigilance plus burrow. We
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calculated 95% confidence intervals of the difference from baseline and interpreted those
significantly different from zero as indicating a response to the stimulus.

For the second experiment, we used paired #-tests to test for the effect of stimulus
direction as well as playback order. We regressed the number of previous playbacks
heard and the number of other individuals above ground and in the vicinity (within
earshot of the speaker) of the focal subject during the playback against difference from
baseline in the proportion of time spent foraging and difference from baseline in the
proportion of time spent in high vigilance. We also calculated 95% confidence intervals
of the difference from baseline and interpreted those significantly different from zero as
indicating a response to the stimulus.

We calculated partial n* as a measure of effect size for general linear models, and
Cohen’ d as a measure of effect size for pair-wise comparisons, using the pooled standard
deviation (Cohen 1988). For multiple comparisons we calculated the Bonferroni
correction by multiplying the observed P-value by the number of comparisons (six), and
interpreted P < 0.05 as significant. We report the Bonferroni-corrected P-value. We

calculated all statistics in SPSS 10.0 for the Macintosh (SPSS Inc. 2000).

RESULTS
Literature Review
Twenty-five of 30 species of birds and mammals for which playback experiments
have been conducted to study acoustic predator recognition responded to vocalisations
from their predators (Fig. 2, Table 1). A reconstruction using parsimony suggests that

this is an ancestral trait in birds and mammals. Moreover, because the clade including
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yellow-bellied marmots (i.e., the rodents Spermophilus, Jaculus and Eliomys) all had the
ability to respond to predator vocalisations, we predicted that yellow-bellied marmots

would be able to respond to the vocalisations of at least some of their predators.

Predator Playback Experiment

Marmots reduced foraging compared to baseline levels of foraging in response to all
playbacks. Confidence intervals for the difference from baseline in the proportion of
time spent foraging were significantly less than zero for all four stimuli: alarm call (95%
C.I. =-0.532 —-0.380), coyote (-0.229 —-0.101), eagle (-0.300 —-0.041) and wolf (-0.414
—-0.234). Marmots increased high vigilance plus burrow use in response to all but the
coyote playback. Confidence intervals for the difference from baseline in the proportion
of time engaged in high vigilance plus burrow were significantly greater than zero for
three of the four stimuli: alarm call (95% C.I. = 0.222 — 0.535), eagle (0.083 — 0.375) and
wolf (0.004 — 0.239). There was no change from baseline behaviour in high vigilance
plus burrow in response to the coyote playback (-0.024 — 0.165).

There was a significant effect of playback stimulus on the proportion of time
allocated to foraging (Fs5, = 11.118, P < 0.001, partial n*= 0.292, Fig. 3) and high
vigilance plus burrow (Fq = 5.106, P = 0.003, partial n’= 0.159, Fig. 3) in the 15 s time
bin that included the playback. Marmots suppressed foraging significantly more after
hearing alarm calls than after hearing coyote (P < 0.001, d = 1.611) or eagle calls (P =
0.004, d =0.754). They also suppressed foraging significantly more after hearing wolf
calls than after hearing coyote calls (P = 0.009, d = 0.790). There were no significant

pair-wise differences in the proportion of time spent foraging following playbacks of
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alarm calls and wolf calls (P =0.186, d = 0.616), wolf and eagle calls (P =0.121,d =
0.698) and eagle and coyote calls (P = 1.000, d = 0.107). Marmots spent a greater
proportion of time engaged in high vigilance plus burrow after hearing alarm calls than
after hearing coyote calls (P =0.029, d = 0.940). There were no significant pair-wise
differences in the proportion of time spent engaged in high vigilance plus burrow
following playbacks of alarm calls and eagle calls (P =0.391, d = 0.384), wolf and
coyote calls (P = 1.000, d = 0.184), alarm calls and wolf calls (P = 0.120, d = 0.735),
wolf and eagle calls (P =0.984, d =0.321) and eagle and coyote calls (P =0.368, d =
0.503).

There was no significant difference over the 1 min baseline period in the proportion
of time allocated to foraging (P = 0.116, observed power = 0.503) or high vigilance plus
burrow (P = 0.733, observed power = 0.132) across playback types.

While there were main effects of both stimulus (F;.s = 11.271, P < 0.001, partial n°=
0.311) and time (F,5 = 24.051, P < 0.001, partial n* = 0.490) for foraging over the 1 min
period including and following playback, there was no significant stimulus x time
interaction (Fy,,s = 0.683, P = 0.692, partial n*= 0.027). There were also main effects of
stimulus (F5,s = 4.444, P =0.011, partial 1°=0.151) and time (F3,5=4.048, P =0.029,
partial n*= 0.139) for high vigilance plus burrow, but there was no significant stimulus x
time interaction (Fy,,s = 1.104, P = 0.362, partial n*= 0.042).

There were no confounding effects of playback order (F,5, = 2.491, P = 0.066, partial
1’ = 0.084), the number of previous playbacks heard (P =0.167, R = 0.131) or the
number of other individuals out within earshot of the spealer (P = 0.628, R = -0.046) for

the difference from baseline in time spent foraging. Nor were there confounding effects
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for the difference from baseline in time spent in high vigilance plus burrow of playback
order (Fy5, = 1.760, P = 0.161, partial n)*= 0.061), the number of previous playbacks
heard (P =0.125, R = 0.146) or the number of other individuals out during the playback

(P = 0.346, R = 0.090).

Forward/Reverse Eagle Playback Experiment

Marmots reduced foraging compared to baseline levels in response to both the
forward and reversed eagle playback. Confidence intervals for the difference from
baseline in the proportion of time spent foraging were significantly less than zero,
although the reversed eagle’s interval approached zero: forward eagle (95% C.I. =-0.412
—-0.211), reversed eagle (-0.251 —-0.029). Marmots increased high vigilance in
response to hearing a forward eagle call (95% C.I. = 0.012 — 0.248), but they did not
substantially increase high vigilance in response to the reversed eagle call (95% C.I. = -
0.025 -0.123).

Marmots suppressed foraging more after hearing the forward than the backward eagle
call (r=-2.495, P=0.025,d =0.793, Fig. 4). No subjects retreated to their burrows
following playbacks. They did not engage in significantly higher vigilance following the
forward playback (r = 1.003, P = 0.332, d = 0.398). There was no significant difference in
the baseline period in the time allocated to foraging (¢ = 0.206, P = 0.839, d = 0.044) or in
the time allocated to high vigilance (# =-1.000, P = 0.333, d = 0.314) between forward
and reverse playbacks. There was no effect of playback order (# =-0.806, P =0.433,d =
0.277), the number of previous playbacks heard (P = 0.353, R =0.176) or the number of

other individuals out during the playback (P = 0.278, R = -0.198) on the difference from
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baseline in the proportion of time spent foraging. There was also no effect of playback
order (P =0.379, d = 0.341, t = 0.906), the number of previous playbacks heard (P =
0.063, R =-0.343), or the number of other individuals out during the playback (P =
0.089, R = 0.306) on the difference from baseline in the proportion of time engaged in

high vigilance.

DISCUSSION
Marmots responded most to conspecific alarm calls and least to coyote calls, with
moderate responses to eagle and wolf calls. Taken together, these results suggest that
yellow-bellied marmots respond to at least some predator vocalizations, and that they
discriminate among them. The ability of prey to respond to vocalisations of their
predators is an ancestral trait found in most of the species of birds and mammals in which
it has been studied. Our reconstruction predicted that yellow-bellied marmots would
respond to some predator vocalisations, and that is what we found. Alarm calls were
more evocative than predator calls, suggesting that they denoted a higher risk than the
social vocalisations of predators. Perhaps this is because predator vocalisations are not
typically associated with hunting predators, whereas alarm calls indicate that a potentially
threatening predator has been detected.

While golden eagles live around the RMBL, we have never heard a golden eagle
vocalise here during the marmot active season. It is possible that for the marmots this
was a novel vocalisation. However, the greater response to the forward than to the
reversed eagle calls suggests that marmots did associate the forward playbacks with

predators, rather than just responding to the rapidly paced and broad-band eagle call.
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Specifically, the fact that the entirely novel reversed call elicited no heightened vigilance
response, and did not substantially reduce foraging below baseline levels, implies that
novel sounds, per se, are not necessarily alarming. This is consistent with Macedonia &
Yount’s (1991) finding of greater antipredator response in ringtailed lemurs, Lemur catta,
upon hearing normally played-back hawk vocalisations compared to reversed hawk
vocalisations.

The greater response to wolf than to coyote playback may be because it lasted
more than twice as long as the second longest stimulus (Fig. 1), and thus elicited
sustained reactions. Alternatively, marmots may have responded more to wolf than
coyote calls because wolves are currently novel predators. Our experiment did not
specifically include a non-predator novel control because we aimed to limit the number
of stimuli any given subject was exposed to so as to reduce the likelihood of habituation
to the entire experimental protocol. Future experiments might examine the issue of
novelty directly; the greater response to wolf and eagle calls than to coyote calls may be
because both are novel sounds. However, the greater response to the forward than to the
reversed eagle call suggests that novelty, per se, is not necessarily alarming; thus, the
elevated response to wolf calls could also be interpreted as evidence of predator
discrimination. If so, this ability must be viewed as innate. Regardless of the
mechanism, however, marmots do suppress foraging after hearing wolf calls, and we
would predict that they would adjust to wolf re-colonization.

Marmots respond to the sight of coyotes and coyotes are their major predator. Thus,
the limited response to coyote calls is paradoxical. The lack of response may be due to

habituation, because it is not uncommon to hear coyotes howling during the day, while
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marmots are in earshot. We have seen marmots respond similarly to bouts of natural
coyote howls (i.e. no response). It is also possible that marmots associate calling coyotes
with a non-threatening situation.

Unlike Diana monkeys, Cercopithecus diana, and Campbell’s monkeys, C.
campbelli, which utter referentially specific alarm calls in response to playback of a
specific predator call (Zuberbuhler et al. 1999; Zuberbuhler 2001), yellow-bellied
marmots do not have functionally referential alarm calls (Blumstein & Armitage 1997;
Blumstein 1999). If marmots emitted referential alarm calls in response to specific
predator vocalizations, we would have had a powerful assay of recognition. Thus, while a
greater response to eagle and wolf than to coyote calls suggests that marmots may
discriminate among the calls of some predators, we have not demonstrated true

recognition.
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Table 1. Species for which playback studies have been performed to test for acoustic

predator discrimination.

Latin name Common name References

Corvus

brachyrhynchos American crow Hauser & Caffrey 1994
Corythaeola

cristata great blue turaco Hauser & Wrangham 1990

Ceratogymna  yellow-casqued

elata hornbill Rainey et al. 2004

Macropus

eugenii tammar wallaby Blumstein et al. 2000b
red-necked

Thylogale thetis pademelon Blumstein et al. 2002

Dasyurus Tasmanian

viverrinus eastern quoll Jones et al. 2004

Spermophilus  California ground

beecheyi squirrel Swaisgood et al. 1999
lesser Egyptian
Jaculus jaculus jerboa Hendrie et al. 1998
Eliomys Asian garden
melanurus dormouse Hendrie et al. 1998
Microtus social vole Eilam et al. 1999; Hendrie et al. 1998
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socialis

Microtus

pennsylvanicus meadow vole Pusenius & Ostfeld 2000
Gerbillus greater Egyptian

pyramidum gerbil Abramsky et al. 1996
Gerbillus

allenbyi Allenby's gerbil Abramsky et al. 1996
Otomys

angoniensis Angoni Vleirat Crafford et al. 1999

natal
Mastomys multimammate
natalensis mouse Crafford et al. 1999
Acomys Cairo spiny
cahirinus mouse Eilam et al. 1999; Hendrie et al. 1998
Phoca vitulina harbor seal Deecke et al. 2002
Acinonyx
jubatus Cheetah Durant 2000
Hesperoptenus
doriae false serotine bat Petrzelkova & Zukal 2001

Lemur catta ringtailed lemur Karpanty & Grella 2001; Macedonia & Yount 1991
Alouatta mantled howler

palliata monkey Gil-da-Costa 2003
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Callithrix
geoffroyi
Tarsius
spectrum
Cercopithecus
ascanius
Cercopithecus
mitis
Cercopithecus
diana
Cercopithecus
campbelli
Cercopithecus

aethiops

Colobus badius

Alces alces

Geoffroy's

marmoset

spectral tarsier
red-tailed

monkey

blue monkey

Diana monkey
Campbell's

monkey

vervet monkey
red colobus
monkey

moose

Searcy & Caine 2003

Gursky 2002; Gursky 2003

Hauser & Wrangham 1990; Treves 1999

Hauser & Wrangham 1990

Zuberbiihler et al. 1999; Zuberbithler 2000

Zuberbuihler 2001

Cheney & Seyfarth 1990

Bshary & Noe 1997; Gebo et al. 1994; Hauser &

Wrangham 1990; Noe & Bshary 1997; Treves 1999

Berger et al. 2001
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Figure Legends

Fig. 1. Spectograms and waveforms of the acoustic stimuli used to study predator
discrimination. Sampling rate 44.1 kHz, 1024 point FFT (frequency resolution 174 Hz),

grey scale represents —40 dB from peak amplitude.

Fig. 2. Reconstruction using parsimony of acoustic predator recognition abilities (black =
demonstrated ability to identify predators, white = failed to identify predators). Data

come from playback studies designed to test acoustic predator discrimination.

Fig. 3. Difference from baseline in average (+ SEM) proportion of time engaged in high
vigilance plus burrow, and foraging, in the 15 s following playback of conspecific alarm

calls, as well as the vocalisations from coyotes, wolves, and golden eagles.

Fig. 4. Difference from baseline in average (+ SEM) proportion of time spent highly

vigilant, and foraging, for forward and reverse golden eagle playbacks. No subjects

retreated to their burrows following playback.

27



Sna
» e N
m .,m =N
S
= =\
= o,
S e~
m -
o S
=)
[
)
c
(o)
g
‘e,
S
S s
8 =
= “
© e
g T =
2 S

Wolf

Coyote

SRV
kS
[$) - — — — »
IS [\
£ - - I
Kt
<< — - — IS
1 Il 1 | 1 1 1 Il
o 0 [S) 0
Y — - M Q © I <

[aV)
(zH) Aousnbaiy (edr) apndwy

Time (s)

28




29

o

B Corvus brachyrhynchos
m Corythaeola cristata

m Ceratogymna elata

O Macropus eugenii

O Thylogale thetis

W Dasyurus viverrinus

B Spermophilus beecheyi
B Jaculus jaculus

B Eliomys melanurus
m Microtus socialis

m Microtus pennsylvanicus
m Gerbillus pyramidum

m Gerbillus allenbyi

0 Otomys angoniensis

O Mastomys natalensis

O Acomys cahirinus

W Phoca vitulina

m Acinonyx jubatus

W Hesperoptenus doriae
W Lemur catta

B Alouatta palliata

W Callithrix geoffroyi

B Tarsius spectrum

m Cercopithecus ascanius
B Cercopithecus mitis

B Cercopithecus diana
m Cercopithecus campbelli

W Cercopithecus aethiops
m Colobus badius

W Alces alces



Difference from baseline in average (xSEM) proportion time

0.5

Highly vigilant or in burrow
0.4
®
0.3 -
@
0.2
0.1 - +
O I I I I
Alarm call  Coyote Wolf Eagle
0
Foraging
-0.1 -
t
-0.3 - + +
-0.4 -
-0.5 +

I I I I
Alarm call  Coyote Wolf Eagle

Stimulus

30




Difference from baseline in average (xSEM) proportion time

0.4

Highly vigilant
0.3 -
0.2 -
@
0.1 -
0 I I
Forward Backward
0
Foraging
-0.1 4
®
-0.2 4
-0.3 4
-0.4 | |
Forward Backward

Stimulus

31




