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ABSTRACT
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Why do Caterpillars Whistle? Acoustic Mimicry of Bird Alarm Calls in the Amorpha juglandis
Caterpillar

Faculty Mentor: Erick Greene

Caterpillar species possess a range of anti-predator defenses, from regurgitation to sonar
jamming. The North American walnut sphinx caterpillar (Amorpha juglandis) produces a variety
of whistling noises when pinched. Limited observations indicate that this causes avian predators
to retreat, leaving the caterpillar alone. However, it is unknown why this whistle is such an
effective deterrent. Interestingly, the A. juglandis whistle is acoustically similar to the “seet”
alarm call that many bird species produce in response to their own predators. We propose that
the A. juglandis whistle is a form of acoustic mimicry, in which the caterpillar protects itself by
mimicking bird alarm calls. We tested this hypothesis by playing recordings of A. juglandis
whistles, chickadee seet calls, and a control sound to flocks of small songbirds and comparing
the birds’ responses to the different stimuli. Birds tended to freeze or dive for cover in response
to the seet call and two types of caterpillar whistles. Our results suggest that these caterpillar
whistles may protect caterpillars by mimicking the alarm calls of their avian predators.

Why do Caterpillars Whistle? Acoustic Mimicry of Bird Alarm Calls in the Amorpha juglandis
Caterpillar

Songbirds have elaborate communication systems, with different call types used for
mating, defending territories, maintaining contact with flock members, and signaling the
presence of a predator. This complexity continues within songbird alarm calling systems. When
songbirds spot a perched raptor, they give mobbing alarm calls that draw in other birds to harass
and drive away the predator (Templeton and Greene 2007). The information contained within
mobbing calls is understood both within and between species. For example, nuthatches have
been shown to eavesdrop on chickadee mobbing calls and join in on mobbing events accordingly
(Greene and Meagher 1998; Templeton and Greene 2007).
Interspecies alarm networks are also used in the presence of flying raptors. In these
higher-danger situations, songbirds produce a different call type called a “seet” (Schmidt et al.
2008). Seet calls are used by many species such as black-capped chickadees, titmice, yellow
warblers, and American robins (Jones and Hill 2001; Gill and Sealy 2004; Schmidt et al. 2008;
Vanderhoff and Eason 2009). Birds respond to seet calls by diving for cover, freezing in place,
and/or looking around (Vanderhoff and Eason 2009). As with mobbing calls, seets are
understood between songbird species and even mammals such as Eastern chipmunks, with seet
playbacks causing an increase in risk perception (Schmidt et al. 2008). Across songbird species,
seet calls have converged on a fairly consistent pattern. Seet calls tend to be pure-toned, archshaped on spectrograms, and between 6 and 9 kHz (Jones and Hill 2001). Songbird hearing is
more sensitive than raptor hearing in this frequency range, meaning that songbirds are better able
to detect seets than their predators. Additionally, seet calls attenuate quickly with distance and
have been shown to be difficult for raptors to localize, reducing predation risk for songbirds
giving seets (Jones and Hill 2001).
Just as predation has resulted in the evolution of alarm systems in birds, insectivorous
birds have affected the evolution of the insects they eat. For example, the silkmoth caterpillar has
evolved acoustic aposematism. In a study where silkmoth caterpillars were pecked by chicks, the
caterpillars gave a warning click with their mandibles and then produced a toxic regurgitant if

the attack persisted. In every case the regurgitant or the warning click alone caused the chicks to
retreat (Brown et al. 2007).
Sound production during predator attacks also occurs in the North American walnut
sphinx caterpillar (Amorpha juglandis). In a study by Bura et al. (2011), A. juglandis caterpillars
produced a train of whistles by pushing air out of their spiracles when poked by yellow warblers.
In every trial, the warblers retreated from the caterpillars after the whistles. However, it is
unclear why the birds responded to these sounds. Unlike the above example, the whistling noise
was not followed by a chemical defense like a toxic regurgitant, so this is not an instance of
acoustic aposematism. The explanation that the whistle simply serves as a startle does not fit
either since the warblers did not habituate over time. In fact, one warbler immediately dove into
a bush after hearing a caterpillar whistle – a behavior that often occurs in response to seet calls.
A. juglandis caterpillars produce three distinct whistle types (Bura et al. 2011), which we
will refer to as Types A, B, and C. Two out of three of these whistle types share acoustic
similarities with seets (Fig. 1). Type B whistles are also given in short pulses and share a similar
arched acoustic shape. Type A whistles are least similar to seets due to their longer duration and
harsh broad-band frequencies. Type C whistles lack the arched shape of a seet but are purertoned and in the same 6-9 kHz frequency range. In Fig.1, the main frequency band of the Type C
whistle is at precisely the same 8 kHz level as the black-capped chickadee seet. Given these
similarities and the responses of the warblers to the whistles, we propose that the A. juglandis
whistle is a form of acoustic mimicry, in which the caterpillar protects itself by mimicking bird
alarm calls.
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Fig. 1. Spectrogram of A) Amorpha juglandis Type A whistle, B) Amorpha juglandis Type B
whistle, C) Amorpha juglandis Type C whistle, and D) a black-capped chickadee seet.

Previous studies have shown that some prey species mimic predator calls. For instance,
spotted bowerbirds mimic brown falcons and Steller’s jays mimic red-tailed hawks – however,
the calls mimicked are not alarm calls (Kelley and Healy 2011). To our knowledge, there are no
documented cases of a prey species protecting itself by mimicking its predator’s own alarm call.
We tested our hypothesis by playing recordings of A. juglandis whistles, seets, and a
control sound to interspecies flocks of songbirds including black-capped chickadees and redbreasted nuthatches at bird feeders in Missoula and Powell Counties. We then compared the
birds’ responses to each playback type. We predicted that birds would respond similarly to the
caterpillar whistles and a seet call, which would strongly suggest that A. juglandis whistles
protect the caterpillar by mimicking seet calls.

Methods:
We conducted experiments at 10 pre-existing bird feeders at homes in Missoula and
Powell Counties, Montana (Fig. 2). Each feeder was visited by chickadees (mountain and/or
black-capped) and red-breasted nuthatches, and we focused on these two songbirds as our core
species. However, we also had pine siskins, dark-eyed juncos, Steller’s jays, American robins,
common redpolls, white-breasted nuthatches, brown creepers, red-winged blackbirds, evening
grosbeaks, downy woodpeckers, and hairy woodpeckers present for some experiments and made
observations on all of these. A. juglandis is not found this far west (Tuttle 2007), so we feel
confident that bird responses to the caterpillar whistles were based only on their acoustic
properties and not on any previous exposure the birds may have had to A. juglandis or their
whistles.

Fig. 2. Map of bird feeder locations in Missoula and Powell Counties.
We constructed 5 types of playback stimuli: a chickadee seet call, three types of A.
juglandis whistles, and a house finch song as a control (Fig. 3). We made 3 exemplars of each
stimulus from different source recordings to reduce pseudoreplication. For every feeder, we
randomized the order of the stimuli and randomly assigned exemplars via a Latin Squares design
so that each exemplar was played the same number of times overall.
The house finch songs we used for our control sounds came from the Macaulay Library
(catalog numbers 22937, 22939, and 22941). For the chickadee seets, we used recordings of
black-capped chickadee alarm calls made in response to robotic Northern pygmy owls or sharpshinned hawks at bird feeders in Montana. Recordings of A. juglandis whistles were provided by
Veronica Bura.
We put together minute-long playback stimuli for each treatment in Raven Pro 1.5 Beta
Version. Each playback was set to contain 12-15 seconds of sound per minute (a 20-23% duty
cycle, i.e. the amount of sound relative to silence), with a sampling rate of 48 kHz. We kept the
caterpillar whistle trains at realistic timings, and downsampled these recordings from 192 kHz to
48 kHz using the program Audacity.

Fig. 3. Spectrograms of all 5 playback stimuli used: a black-capped chickadee seet, Amorpha
juglandis whistles Types A, B, and C, and a house finch song.
For each experiment, we hid a Genelec 8010A speaker (Fig. 4a) 2-3 meters from the bird
feeder and played our playback stimuli using a Roland R-26 recorder. Each stimulus was played
at 70-75 dB at 1 meter (Templeton and Greene 2007), which we measured with an Extech
407730 sound level meter. We recorded acoustic responses with a Sennheiser K6 microphone
(Fig. 4b) onto a second Roland R-26 recorder in 24 bit with a 48 kHz sampling rate. Visual
behavioral responses were also recorded using two GoPro Hero3+ cameras (Fig. 4c). After setup
we waited until birds returned to active feeding. At that point we began recording for 2 minutes
of pre-playback. We then played the assigned stimulus for 1 minute and continued recording for
an additional 5 minutes of post-playback. We assigned behavioral responses from each
experiment to four categories ranked by intensity: 0 – no response (feeding throughout, no alarm
calls); 1 – approaching and orienting toward the speaker; 2 – flying away at the start of the
playback sound but returning quickly within the playback period, and orienting toward the
speaker; 3 – freezing, alarm calling, fleeing and taking a long time (not within the playback
period) to return. We analyzed these results using Fisher’s exact tests in Program R (R Core
Team 2014).
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Fig. 4. Equipment used: A) Genelec 8010A speaker, B) Sennheiser K6 microphone, and C)
GoPro Hero 3+ cameras

Results:
The response intensities for the 10 experiments conducted for each of the 5 stimuli are
tallied below in Figure 5. All 10 playback experiments using the control house finch song
produced a response level of 0 (no response). Experiments with the chickadee seet produced the
exact opposite response, with birds responding at a level 3 intensity (highest possible) for all 10
experiments. Birds tended to respond to all three A. juglandis whistles, with Type C producing
the strongest responses followed by Type B and Type A.
The Fisher’s exact test comparing all 5 stimuli produced an incredibly significant p-value
of 9.323e-12. We also conducted pairwise Fisher’s exact tests to examine differences in all
possible stimulus pairs. Based on which p-values were significant at a Bonferroni correction of
0.005, the 5 stimuli separate out into these three groups: 1) Control, 2) Amorpha A and Amorpha
B, and 3) Amorpha B, Amorpha C, and the black-capped chickadee seet (Fig. 6).

Fig. 5. Bird responses to playback experiments of each of the 5 stimuli. Response intensity
levels rank from 0 (no response) to 3 (intense response).

Fig. 6. Numbers indicate homogeneous subsets that are not significantly different using
pairwise comparisons with Bonferroni corrections.

Discussion:
This study tested whether songbirds interpret Amorpha juglandis caterpillar whistles as
seet calls that indicate the presence of a dangerous predator. Black-capped chickadees, redbreasted nuthatches, and other bird species tended to respond to seet calls, Amorpha Type B
whistles, and Amorpha Type C whistles by freezing, alarm calling, fleeing and not returning
within the playback period. This similarity of responses strongly suggests that the A. juglandis
whistle is an acoustic mimic of a songbird seet.
In the coming months we will analyze the audio recordings taken during each experiment
to look for differences in acoustic responses to the 5 playback stimuli, such as the number and
frequency of bird alarm calls. Additional studies could test whether A. juglandis caterpillars are

more likely to give their most seet-like whistles (Types B and C) in response to attacks from
birds compared to attacks from other threats such as small mammals or forceps. These future
research possibilities could refine our understanding of how Amorpha juglandis whistles
function as an acoustic mimic of bird alarm calls.
Although some prey species have been shown to mimic their predator’s general calls
(Kelley and Healy 2011), we know of no other documented cases of a prey species mimicking its
predator’s alarm system as a defense mechanism. The strong evidence we have found for
caterpillar mimicry of bird alarm calls in this study therefore adds an exciting new phenomenon
to our knowledge of predator-prey relationships and interspecies communication.
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