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Abstract

Many species produce alarm calls that vary according to situation. An implicit assumption for
these species is that production and perception of situationally specific alarm calls is symmetrical:
perceivers respond to variation produced by signalers. The companion paper to this one (BLUMSTEIN
1995) showed that golden marmots (Marmota candata aurea) produce variable alarm calls that vary in
proportion to the degree of risk the caller perceives. Calls produced in higher-risk situations have
fewer notes than calls produced in lower-risk situations. In this study, to determine the salience of the
number of notes per call in eliciting different responses in conspecific perceivers, I played back three-
note alarm calls, eight-note alarm calls, and the non-alarm vocalization of a local bird to adult golden
marmots. Although marmots responded differently to bird calls and alarm calls, vigilance responses
to the different alarm calls were similar. Several explanations may account for the apparent insensitivity
to alarm-call variation: golden marmots may require additional contextual cues to properly interpret
alarm calls, perceptual abilities do not parallel production abilities, or calls may serve a generalized
alerting function.

D. T. BLUMSTEIN, Department of Systematics and Ecology, University of Kansas, Lawrence, KS
66045, USA.

Introduction

An implicit assumption for species which produce situationally specific alarm
calls is that production and perception of variable alarm calls is symmetrical:
perceivers respond differently according to signal type (OWINGs 1994). Golden
marmots (Marmota candata aurea) produce situationally specific alarm calls. The
results of my companion study (BLUMSTEIN 1995) suggest that the number of
notes per call is inversely related to the degree of risk a calling marmot experiences
when it calls. If call variation communicates the degree of risk or type of predator,
then marmots who hear alarm calls should, in some way, respond differently to
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Fig. 1: Representative spectrograms of the two marmot alarm calls and the bird call played back to
marmots

variants (SMITH 1977; HARRIS et al. 1983; CHENEY & SEYFARTH 1990; MACEDONIA
& EvaNs 1993). I conducted playback experiments to determine whether marmots
had overtly different responses to higher risk (three-note) and lower risk (eight-
note) alarm calls.

Methods

High-quality human-elicited marmot calls recorded from different individuals were used for this
experiment (recording details in BLUMSTEIN (1995)). Calls were sampled at 44 kHz using an Audio-
Media AD-DA board then filtered (1000-5000 kHz three-pole Butterworth bandpass filter) using
Signalyze software (KELLER 1992) to remove environmental noise. Longer calls were shortened to
three or eight notes using AudioMedia, and playback tapes were made using AudioMedia software
(DIGIDESIGN 1990).

A total of 10 three-note and 11 8-note examples (Fig. 1), exhibiting ‘natural’ variation in other
acoustic parameters (bandwidth, minimum and maximum frequencies, duration, inter-note intervals),
were used for the experiments. By using multiple examples of alarm calls, 1 was able to test the
hypothesis that marmots respond to different types of alarm calls and not to different examples of
alarm calls (MCGREGOR et al. 1992).

Marmots did not produce other loud vocalizations (e.g. food or territorial calls) that could be used
as a suitable control sound. Instead, I used a single 1.21-s song of a common alpine bird (black redstart:
(Phoenicurus ochruros) as a control stimulus (Fig. 1). A redstart song was selected because, while it is
not an alarm call, it is pulsed like marmot alarm calls. The control sound was used to test the hypothesis
that marmots respond to alarm calls and not just to the experimental setup, and/or to a sudden pulsed
sound.
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Each experimental marmot heard all three stimuli: a three-note call, an eight-note call, and the redstart
song. Between marmots, playback order was systematically varied. To avoid possible habituation to
played-back alarm calls, I attempted to limit playbacks in a given day to the number that a marmot
might normally hear (X = 2.67 playbacks per playback day, range 1-8 c.f.; marmots naturally hear 6-
22 natural ‘bouts’ of alarm calls per day; BLUMSTEIN 1995)

Before marmots emerged from their burrows in the morning, the speakers and cables were set up
and left in place throughout the morning (and occasionally afternoon) experimental period. Stone
boxes to camouflage the speaker (between one and several per marmot group) were constructed at
least 1 wk prior to experiments and were left throughout the season. I sat with the video camera (with
an attached telephoto lens) and tape deck in one of four hides between 180 and 460 m from the speaker.
Different stone boxes were used in playbacks conducted on subsequent days.

Several additional criteria, to ensure maximal responsiveness, had to be met prior to a playback.
Firstly, no natural alarm calls could have occurred in the past 30 min. Secondly, if a previous playback
had been conducted, I waited at least 7 min before playing back another sound. Thirdly, since behavior,
and potentially location, can influence responsiveness to a played-back alarm call (BLUMSTEIN 1994),
I attempted to control for behavior by conducting playbacks only to marmots that were sitting and
looking or standing and looking from their main burrows (X distance to main burrow = 0.36 m, range
0—4 m).

Examples of calls were played back on a Sony WM-D6C tape deck. The audio signal was split
leaving the Sony headphone jack, sending the exemplar directly to 2 video camera (Sony SP-7, video
8) and also through an unbalanced-to-balanced line-conversion box (Countryman Type-85 Direct
Box), across 365-455m of balanced microphone cable, into a line amplifier (Sure FP11) that also
converted the signal back to an unbalanced one, and finally to a Sony SRS-77G powered speaker with
a relatively flat frequency response.

Since playback volume may influence responsiveness (BLUMSTEIN 1994), line levels on the tape deck,
line amplifier, and powered speaker were adjusted until the sound-pressure level, 0.1 m in front of the
speaker, was about 100-104 dB (measured using a Realistic model 33-2050 sound-level meter). In fact,
the average playback volume was 104.8 dB (range: 97-112 dB), and the speakers were 13.4 m from the
marmots (range: 5.4-25.5 m).

The playback situation mimicked the situation of a distant marmot alarm calling. Depending on the
exact location of the speaker, the hypothetical ‘caller’ could have been from the same or an adjacent
social group. Marmots routinely responded to alarm calls produced throughout the meadow.

Single-frame analysis of the video (temporal resolution = 0.033 s) permitted marmots’ responses to
playbacks to be measured. From the videotape, variables hypothesized to reflect responsiveness on
different temporal scales were measured to search for differential responsiveness. Immediate responses
were quantified by measuring: 1. The delay in responding to the played-back stimulus, defined as the
time between the beginning of the playback and the beginning of the first look; and 2. The duration
of the first look following the playback. Short-term responses were quantified by recording the number
and duration of each bout of looking in the first 17 s. This time was chosen because the average time
between alarm calls was 17 s (BLUMSTEIN 1995). Longer-term responses were quantified by recording
the number and duration of each bout of looking in the first 59 s following the playback. While any
differential responsiveness to alarm-call variants would have been telling, I anticipated the number of
looks and the time spent looking to be positively associated with the degree of risk ‘encoded’ in the
call. Moreover, I anticipated shorter response times to alarm calls than to bird song.

Friedman non-parametric ANOVAs (with no interaction effects) were used to test for differences in
the responsiveness to these acoustic stimuli while controlling for individual variation. Pairwise post-
hoc multiple comparisons were calculated using equation 7.5a from SIEGEL & CASTELLAN (1988).

Results

Marmots responded differently to alarm calls than to the bird song, but did
not respond differently to three-note and eight-note alarm calls (Fig. 2). Between
24 May and 16 Aug. 1993, I played back the three different acoustic stimuli to 15
adult marmots (nine males/six females) in six different social groups. Overall, the
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Fig. 2: Responsiveness (=SE 1o played back acoustic stimuli in terms of: a. Response time following
the played back stimulus; b. Duration of the first look following the played back stimulus; c. The
number of looks in the first 17 s following the playback; d. The number of looks in the first 59s; e.
The average duration of each look during the first 17 s; and f. The average duration of each look during
the first 59 s. Significance tested with Friedman’s nonparametric ANOVA, blocked by individual. Solid
lines above graphs illustrate non-significantly different pairwise comparisons (p > 0.05). Response
delays of marmots to the bird song and the three-note alarm call were not significantly different

average time between playbacks was 1.91 d; individual marmots averaged 3.6d
between playbacks of different acoustic stimuli.

Response delays to different acoustic stimuli differed significantly (p = 0.031).
Multiple pairwise comparisons revealed that marmots had indistinguishable
response delays to alarm calls but took longer to respond to bird song than to
eight-note alarm calls.

The duration of the first look following playbacks also differed among treatments
(p = 0.017). Multiple comparisons suggested that marmots only differentiated
three-note alarm calls from bird song. However, the comparison of eight-note
alarm calls to bird song was close to the significantly different multiple-comparison
criteria. The duration of the first look was indistinguishable between three-note
and eight-note alarm calls. A longer first look in response to bird song than to
alarm calls was expected since bird song was not supposed to be alarming: alarmed
marmots appeared ‘agitated’ and looked around frequently. Marmots ‘responding’
to bird song tended to ‘casually’ look around and did not appear agitated.
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None of the short-term or long-term measurements of responsiveness differed
significantly between treatments.

Discussion

Why Perceivers May Not Respond to Call Variation

Given the apparently robust relationship between the number of notes per
call and the degree of risk the caller experiences when calling (BLUMSTEIN 1995),
it is somewhat surprising that marmots did not respond differently to the played-
back three-note and eight-note alarm calls. That marmots responded differently
to alarm calls and the bird song suggests that marmots were not simply responding
to sound coming from the speaker, nor to the pulsed playback. There are several
non-mutually exclusive explanations of why marmots appeared not to differentiate
alarm-call types.

Firstly, measurements of vigilance may not be sensitive enough to detect slight,
but perceptually meaningful, evidence of stimulus discrimination (HAUSER 1994).
Yet, other investigators have found vigilance patterns to be sensitive measurements
of response differences to acoustic stimuli (LEGER & OWINGS 1978; OWINGS &
LEGER 1980; HARRIS et al. 1983; HAUSER 1986; CHENEY & SEYFARTH 1990; EVANS
et al. 1993). Different measures of responsiveness such as tail-pilo-erection onset
time (COss 1995), specific cardiac responses (EVANS & GAIONI 1990), or other
autonomic nervous-system responses (BROOKS 1983), might have revealed sig-
nificantly different responses to variants.

Secondly, alarm calls alone may not have provided sufficient context for per-
ceivers to properly interpret the meaning of the calls (SMITH 1977; LEGER 1993).
Some species are able to recognize individuals by their vocalizations (GREEN &
MARLER 1979; CONNER 1985; CHENEY & SEYFARTH 1990). Golden marmots live
in sufficiently stable social groups for perceivers to have the opportunity to learn
the special characteristics of their neighbors’ calls and to include that knowledge
in their assessment of a call’s meaning: adding marmot identity increased the
total explained variation in the number of notes per call; BLUMSTEIN (1995).
Additionally, volume-related potential cues may have aided marmots’ inter-
pretation of an alarm call. Since these contextual cues were, by design, absent in
this experiment, marmots might normally — with appropriate contextual cues — be
able to differentiate alarm-call variants. Nevertheless, if these cues are required to
respond differently, then the number of notes per call alone cannot communicate
variation in predation risk. If so, the opportunity for asymmetrical production
and perception seems plausible.

Thirdly, previous studies that found an ability for species to perceive temporal
differences in calls have been conducted on species that have the ability to produce
structurally different calls (LEGER & OWINGS 1978; HARRIS et al. 1983; STONE &
TROST 1991; studies of Eurasian marmots by NIKOL'SKII & NESTEROVA 1988,
1989, 1990 (loc. cit. NIKOL'SKII et al. 1994) are apparent exceptions). However,
some species, such as golden marmots, produce only temporally different calls.
If the ability to produce structurally distinct call types was correlated with the
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ability to differentiate call types, then species producing only temporally variable
calls would be less able to differentiate alarm-call variants. This potential evol-
utionary constraint must be studied by investigating production and perception
in the entire genus. Specifically, to determine whether perceptual abilities are
correlated with production abilities, the order of trait evolution must be studied
(BROOKS & MCLENNAN 1991).

Fourthly, it is probable that marmots use simple rules-of-thumb to assess
predation risk (BOUSKILA & BLUMSTEIN 1992). An example of an assessment rule
might be where perceivers treat any alarm call as representing an equivalent threat.
If so, different calls would elicit identical responses. Assessing calls similarly might
be a reasonably inexpensive strategy because: 1. The immediate response to an
alarm call is looking and presumably assessing the situation; and 2. Alarm calls
are not that common. It is worth noting that calls may have been perceived
differently but have had equivalent meanings to the marmots (see discussion of
‘just meaningful difference’ in NELSON & MARLER (1990).

Finally, the first alarm call might serve a generalized alerting function (BALPH
& BALPH 1966). Perceivers might use changes in the number of notes in subsequent
calls to assess the relative risk of predation (sensu BELETSKY et al. 1986). Given
that a substantial amount of variation in the number of notes per call may be
explained by knowing the caller’s identity, a perceiver might pay less attention to
the absolute number of notes per call in the first call than to how the number of
notes from the same caller changes over time. If the change in the number of
notes in subsequent calls is used to assess predation risk, degree of risk is not
communicated immediately. While calls may be repeated to track risk, an alterna-
tive explanation of repeated calls is that they are used to maintain vigilance
(SCHLEIDT 1973; OWINGS & VIRGINIA 1978; HARRIS et al. 1983; OWINGS &
HENNESSY 1984; LOUGHRY & MCDONOUGH 1988). Yet, if risk is communicated
over a larger time scale, then the inter-call interval would be a variable requiring
additional study (see NIKOL'SKII et al. 1994).

Conclusions

This study underscores the importance of conducting playback experiments
to study the meaning of alarm calls (GREEN & MARLER 1979). Many studies have
looked for correlations between alarm call variation and stimulus variation. Such
studies can be used to define what potential information is made available to
perceivers. Relatively few investigators have played back alarm call variants to a
species to determine whether variants are able to elicit different responses (but
see: LEGER & OWINGS 1978; LEGER et al. 1979; SCHWAGMEYER & BROWN 1981;
HARRIS et al. 1983; BROWN 1985; CHENEY & SEYFARTH 1990; MACEDONIA 1990;
STONE & TROST 1991; NIKOL'SKII & NESTEROVA 1988, 1989, 1990 cited in
NIKOL'SKII et al. 1994; BLUMSTEIN & ARNOLD 1995). Studies that only correlate
call types with situation may erroneously assume that perceivers respond to call
variation. Playback experiments must be conducted to determine whether their
subjects respond to different call types (MACEDONIA & EVANS 1993). It is theor-
etically possible that subjects do not respond differently to call variants. Com-



Marmot Alarm Calls. 1T 31

munication can be understood only by studying the behavior of both the signaler
and the receiver (SMITH 1977).
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