
Increased amplitude and duration of acoustic stimuli enhance distraction

Alvin Aaden Yim-Hol Chan a, W. David Stahlman b, Dennis Garlick b, Cynthia D. Fast b,
Daniel T. Blumstein a,*, Aaron P. Blaisdell b

aDepartment of Ecology and Evolutionary Biology, University of California, Los Angeles
bDepartment of Psychology, University of California, Los Angeles

a r t i c l e i n f o

Article history:
Received 4 June 2010
Initial acceptance 20 August 2010
Final acceptance 20 September 2010
Available online 15 October 2010
MS. number: A10-00396R

Keywords:
attention
distraction
extraneous noise
hermit crab
protective response

Extraneous sounds have a variety of effects on animals; they may interfere with communication, cause
physical harm, increase wariness, influence settlement decisions, or they may cause distractions in ways
that increase vulnerability to predation. We designed a study to investigate the effects of changing both
the amplitude and duration of an acoustic stimulus on distraction in a terrestrial hermit crab (Coenobita
clypeatus). In experiment 1, we replicated the key findings from a field result: crabs hid more slowly in
response to a silent visual stimulus when we simultaneously broadcast a white noise than they did when
in a silent condition. In experiment 2, we altered the noise duration and found that a long noise
generated greater latencies to hide than a short noise. In experiment 3, we increased the noise amplitude
and found that hide latency increased with higher-intensity auditory stimuli. These experiments
demonstrate a variety of stimulus factors that influence distraction. Our results suggest that prey animals
could be in greater danger from predators when in an environment with auditory distractions.
� 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Many animals rely on either producing or perceiving biologically
important auditory stimuli. These sounds have been implicated in
sexual selection (Searcy & Andersson 1986), spatial navigation
(Simmons & Stein 1980) and hunting (Goerlitz et al. 2008), amongst
other adaptive behaviours. Becausemany species canperceive a large
variety of stimuli (see Shettleworth 2010), extraneous noises may
compete with biologically meaningful stimuli and this competition
may have behavioural consequences. Anthropogenic noises may
interfere with animal calls, forcing them to change their vocalization
rates (Morisaka et al. 2005; Parris et al. 2009). Extraneous noise may
also increase vigilance (Karp & Root 2009) and can interfere with the
ability to detect auditory cues associatedwith approaching predators
(Quinn et al. 2006).

Distraction is a phenomenon well documented in primates
(Grueninger & Pribram 1969; Van Essen et al. 1991; Escera et al.
2003; Berti 2008; Parmentier et al. 2008), rats (Rattus norvegicus:
Riddell et al. 1969; Thorpe et al. 2002) and corvids (Dukas & Kamil
2000; Dukas 2004). A recent study in an invertebrate species
showed that auditory distractors affect the escape response to
a visual threat. Chan et al. (2010) demonstrated that in the presence
of a loud noise, a simulated predator could get closer to terrestrial
hermit crabs (Coenobita clypeatus) before they withdrew into their

shells than when the crabs were approached in silence. Chan et al.
(2010) suggested that distraction influences the ability to properly
respond to risk, potentially exposing animals to greater risk of
predation. This mechanism is consistent with prior research on
hermit crab attentional processing, albeit for different tasks. For
example, Jackson & Elwood (1990) suggested that differences in
attentional processing might occur at distinct portions of shell
assessment behaviour in an aquatic hermit crab, resulting in the
modulation of distractability (for other examples, see also Neil &
Elwood 1986; Elwood 1995; Elwood et al. 1998).

To further investigate the stimulus factors that influence distrac-
tion, we conducted three experiments in a laboratory setting with
captive, terrestrial Caribbean hermit crabs. First, we created a captive
assay that replicated theprimaryfindingof theChanet al. (2010)field
study. Then, we performed a pair of experiments to investigate the
effects of modifications to the acoustic stimulus on the crabs’ escape
response. The results of these three experiments illuminate the
mechanisms underlying acoustic distraction and have implications
for the effects of anthropogenic noise on the susceptibility of animals
to predators.

GENERAL METHODS

Subjects

We used 40 medium sized (3e4 cm shell length, measured as
the longest length on the shell) Caribbean hermit crabs obtained
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from an Internet source (live-hermitcrabs.com) or a local aquarium
store (Apex Aquariums, Culver City, CA, U.S.A.) as our subjects. We
selected this species partly because they have good visual ability
(see Cronin & Forward 1988). Additionally, although the mecha-
nism is not well understood, hermit crabs use acoustic and/or
vibrational stimuli in social behaviour (Burggren & McMahon
1988). The animals inhabited shells from marine snails (genus
Turbo). Crabs were housed in groups of five and were maintained
on a 14:10 h light:dark cycle to simulate the testing hours of Chan
et al. (2010). Their daily diet consisted of one piece of dried trop-
ical fruit per crab and approximately 5 g of commercially produced
hermit crab meal (United Pet Group Hermit Crab Meal, United Pet
Group, Cincinnati, OH, U.S.A.) per housing cage. We randomly
assigned each crab to one home cage where it was housed during
testing. The home cage contained dirt substrate, a small cup for
water consumption, a paper plate and a water-soaked sponge
(rewetted every 24 h) to maintain high humidity in the home cage.

Subjects were distinguished by one of five colours (one unique
colour for each crab within the cage) of nontoxic OPI nail enamel
(N. Hollywood, CA, U.S.A.) painted on their largest claw, and
another mark on their shell.

While no permits are required to work with nonthreatened or
nonendangered invertebrates in the United States, we were sensi-
tive to the welfare of our subjects and followed ASAB/ABS research
guidelines.

Apparatus

The experiment was conducted in 2.5 � 1.5 m soundproof room.
We used one speaker (Sony SRS 77G) that was adjacent to a 17-inch
(43 cm) Dell LCD monitor and broadcast white noise at a fixed
82 dB SPL when measured 1 m with a RadioShack sound meter
(CAT 33-2055). This distance between the speaker and the subject
was 0.25 m. The speaker was on the ground, but the crab was
elevated off the ground and the crab-holding apparatus (see below)
likely attenuated substrate-borne vibrations. We used the LCD
monitor to display a visual stimulus, a hawk with its wings spread.
This image began as a single pixel at the top and centre of the
screen, and then expanded and descended at a constant rate for 17 s
until it reached a maximum size of screen width (approximately
30 cm or 900 pixels wide) at the bottom of the screen (Fig. 1). Our
primary concern was finding a visual stimulus that reliably elicited
the crabs’ withdrawal response. Pilot work with a variety of visual
stimuli indicated that this stimulus effectively elicited the response.

We designed an automated withdrawal detector (AWD) that was
situated 15 cm in frontof the LCDmonitor (Fig. 2). TheAWDconsisted
of two 20 cm sliding metal levers elevated 5 cm above the ground at
its base,with anadjustable C-clampattached to the sameendonboth
levers. The levers were attached to a 20� 20 cm wooden platform
and allowed us to adjust the clamp’s position to an individual crab’s
shell size by enabling both vertical (to raise or lower the crab) and
horizontal (to move the crab closer or further from the monitor)
adjustment. We positioned an infrared photobeam emitter and
receiver such that an infrared beam ran parallel to the clamp’s spine.
We designed its position so that, when a crab emerged while in the
clamp of the AWD, its legs disrupted the beam. The break in beam
detection was scored by the computer as ‘emergence’ and measured
to the nearest hundredth of a second. Then, with the same precision,
it measured the time when the crab withdrew back into its shell
(i.e. when the crab removed its legs and the beamwas restored).

Statistical Analysis

For each experiment, we used paired two-tailed t tests to
compare the latency to hide between each treatment. We also

calculated effect sizes using Cohen’s d scores and the pooled
variance. In our statistical analysis, we eliminated crabs that
did not respond at all to the visual stimulus in any condition.
This occurred in both experiments 1 and 3; in both, there were
two crabs (out of 20) that did not respond at all to the visual
stimulus. If the crab responded in one condition, but not the
other, we used the maximum latency to hide (17 s) for the
condition without a response. This only occurred in experi-
ment 2, where five crabs in the loud sound duration condition
and two crabs in the short duration condition failed to
respond.

Figure 1. Photograph of the silent visual predator presented to Caribbean hermit crabs
on our LCD monitor.
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Figure 2. A schematic of our experimental set-up. (1) Automated withdrawal detector,
(2) crab holder (modified C-clamp), (3) photobeam sensors (one on each side of the
clamp; one emitter and receiver), (4) Sony speaker and (5) LCD monitor.
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