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Abstract
Complex environments may place constraints on animal sensory perception. However, little is known about how ecological
constraints impact the formation of animal social groups, which ultimately necessitate that conspecifics detect one another. Here
we studied the fission–fusion social groups of highly social terrestrial hermit crabs (Coenobita compressus), which frequently
split and recombine, requiring individuals to actively sense the location of conspecifics. We manipulated the environment by
relocating abundant natural fallen leaves on the beach, testing how and why this debris may constrain social group formation. Our
experiments revealed that fallen leaves impose a fundamental limit on social grouping, with experimentally simulated groups
attracting significantly fewer conspecifics (75% less) if they were surrounded by leaves. This constraint on social grouping was
not the result of leaves acting as a physical barrier to movement. Furthermore, leaves only hindered visual perception of
conspecifics and did not hinder other modalities besides vision. By experimentally moving leaves above the horizon, such that
they no longer blocked animals’ field of view, we found that the impact of these visual constraints on grouping could be
effectively abolished. Broadly, these experiments elucidate how complex environments impose sensory constraints on social
animals’ ability to navigate toward groups.

Significance statement
Social animals must be able to detect and orient toward conspecifics if they are to form social groups. Features of the environ-
ment, however, may impose constraints on sensory perception that interfere with the detection of conspecifics. Here we studied
social hermit crabs, which form social groupings within a complex habitat that contains abundant fallen leaves along the beach–
forest interface. By experimentally manipulating leaves, we show that these seemingly insignificant ecological materials create
visual constraints that block the cues free-wandering individuals normally use to orient toward social groups. Our study thus
reveals how common aspects of the environment can exert major constraints on sensory perception, thereby severely limiting
social group formation and ultimately sociality.
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Introduction

Organisms take in information about their environments
through a variety of senses (Stevens 2013). Out of all sensory
modalities, vision arguably provides some of the richest and
most detailed environmental information (Land and Nilsson
2012). Indeed, vision functions across many ecological con-
texts, including predator avoidance, resource acquisition, mate
detection, navigation, and communication (Zeil and Hemmi
2005; Smolka and Hemmi 2009). The ecological matrix, how-
ever, can place major constraints on visual perception, poten-
tially restricting animals’ ability to find and acquire essential
resources.
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Eyes evolved to adaptively fit the environment in which
they must function (Cronin et al. 2014). Yet many environ-
ments are dynamic, changing over time, for example, in terms
of light levels (e.g., day versus night) and in the clarity of the
environmental matrix (e.g., the amount of particulate matter in
the air or water column) (Johnsen 2012). Indeed, the existence
of certain ecological materials may completely block organ-
isms’ view, such that even a “perfectly” evolved eye will be
unable to overcome opaque barriers that are physically impos-
sible to see through (Land and Nilsson 2012). Such opaque
barriers are widespread, spanning a variety of biotic and abi-
otic features, including living trees as well as leftover plant
matter, like fallen leaves. Ultimately, these ecological mate-
rials may impose limits on animals’ ability to see what they
seek (Fleishman 1992).

For social animals, one of the most essential resources they
seek is conspecifics (Ward and Webster 2016). Being around
members of ones’ species can provide a variety of benefits,
such as access to social information about food, mating op-
portunities, and protection against predators (Danchin 2004;
Dall et al. 2005; Bonnie and Earley 2007; Rieucau and
Giraldeau 2011). The obligate need for social animals to find
conspecifics has generated strong selection pressures for visu-
al and other sensory systems that are optimized for locating
conspecifics (Bradbury and Vehrencamp 2011). Even less so-
cial species, which lack a need to constantly be around others,
nevertheless must frequently operate in fission–fusion popu-
lations (Couzin and Laidre 2009), in which ephemeral social
groupings dynamically split and reform over time. Such fluid
arrangements, where individuals frequently transition from
solitary to social, create selection pressures for finding con-
specifics that can be as strong or even stronger than such
selection pressures in more social species that live in perma-
nent groups (Ward and Webster 2016).

Highly social terrestrial hermit crabs (Coenobita spp.) offer
a manipulable experimental system for studying fission–
fusion social dynamics in the field (Laidre 2010, 2013a;
Bates and Laidre 2018). Individual crabs seek architecturally
remodeled shells (Laidre 2012a; Laidre et al. 2012), which can
only be acquired during social exchanges with conspecifics
(Laidre 2014), in which one member of a social group dies or
is evicted, and other members then capitalize on this resource
opportunity (Laidre 2018a). Social groupings are ephemeral
(Bates and Laidre 2018), since once individuals successfully
acquire a remodeled shell they temporarily become anti-social
to avoid losing their newly acquired shell. However, because
individuals are constantly seeking to move up in the “housing
market” (Laidre and Vermeij 2012) and acquire bigger
remodeled shells that enhance their reproductive success
(Laidre 2012b), they eventually seek out further social group-
ings after they have grown to accommodate their current shell.
Vision has been found to be essential if individuals are to find
these social groupings (Laidre 2010, 2013a; Bates and Laidre

2018). Yet critically, previous experiments have utilized ide-
alistic field landscapes, clearing beforehand from the experi-
mental arenas the abundant ecological materials, like fallen
leaves, which could act as major sensory constraints on find-
ing social groups.

Here we conduct an experimental study that traces the or-
igin, accumulation, and ultimate impact of ecological mate-
rials that might impose sensory constraints on animal social
life. We use Coenobita compressus the “social hermit crab”
(Laidre 2014; Bates and Laidre 2018) as a model system, both
to characterize its complex natural environment and to manip-
ulate this environment, testing the hypothesis that fallen leaves
act as a major visual constraint on social group formation. In a
series of experiments, we tested the following: (1) whether
leaves constrain social group formation, (2) whether this con-
straint was due to the leaves being a physical barrier to move-
ment or was instead due to constraints on sensory perception,
(3) whether constraints on sensory perception applied across
other modalities or were instead specifically linked to vision,
and finally (4) whether visual constraints could be abolished
by slight repositioning of the leaves above the visual horizon.
Together, our experiments elucidate how complex environ-
ments ultimately impose visual constraints on animals’ ability
to navigate toward social groups.

Methods

Study site and system

We conducted this study in Osa Peninsula, Costa Rica be-
tween January and March 2018 during the dry season.
During this time of year, abundant leaves fall onto the
beach–forest interface (Janzen 1983), an area that is dominat-
ed by terrestrial hermit crabs (Coenobita compressus) (Laidre
2013b). We measured the crabs and their habitat, including
trees and fallen leaves. We then conducted experiments in
which wemanipulated fallen leaves to understand their impact
on the crabs’ social group formation.

Habitat and animal measurements

Tree and fallen leaf transects

To examine the relative abundance of different tree species
(the ultimate source of the leaves we hypothesized acted as
visual constraints), we conducted a transect spanning the area
in which all subsequent experiments were conducted. For this
transect, we walked the beach 3 m from the edge of the beach–
forest interface, recording every tree overhead. A GPS was
used to map the exact route taken (2.18 km in length), which
ran fromCampCrab to the north (08° 23′ 40″N, 83° 20′ 10″W)
to Rio Los Sambos to the south (08° 23′ 13″N, 83° 19′ 08″W).
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To examine the relative concentration of fallen leaves, we also
placed a 30 × 30 cm quadrat on the ground every 20 steps
along this transect, sampling all leaves within each quadrat
(for total of N = 155 quadrats along the entire transect).

Rate of fallen leaf accumulation

To examine the rate with which fallen leaves arrive and accu-
mulate on the beach–forest interface over time, we randomly
choseN = 5 locations along the transect (all locations had trees
overhead when an observer stood 3 m from the embankment).
At each of the five sites, we marked a 3 × 3 m quadrat at the
beach–forest interface. For each site, we then collected every
fallen leaf within the quadrat, recording the total number of
leaves from each tree species. We collected leaves across all
these sites every 2 days, spanning a full tidal cycle. After
collection, leaves were stored away from the sampling sites,
thereby ensuring further leaves that appeared in these quadrats
were new and had not been previously counted.

Leaf height and eye height

To quantify the extent to which leaves may block individuals
from seeing, we compared leaf height (the height of fallen
leaves off the ground) to eye height (the height of hermit crab
eyes off the ground), measuring both to the nearest millimeter.
To quantify leaf height, we randomly selected N = 30 spots on
the beach with one or more fallen leaves. Spots were selected
as follows. At each of the N = 5 leaf fall rate quadrats, we
started at the two quadrat corners closest to the ocean and then
walked parallel to the embankment 3 m away from the quad-
rat. From there, we threw three rocks randomly onto the
beach–forest interface. We then measured the height off the
ground of the leaf (or leaves, if multiple were stacked) that
were 10 cm toward the embankment from where each rock
had landed. In cases where there was not a leaf at the 10 cm
mark, we simply continued along the same line toward the
embankment until encountering the first leaf. In addition to
recording leaf height at these spots, we also recorded the num-
ber of leaves (if there was a stack of more than one).

To quantify eye height, we randomly selected N = 30
hermit crabs from a bag of 400 hermit crabs collected
along the beach–forest interface. We measured each in-
dividual’s shell diameter (Laidre 2012b). Shell diameter
was a highly conservative measure of eye height: it
always exceeded the maximum height off the ground
of individuals’ eyes, even when individuals were in
their highest walking posture (paired t test of eye height
versus shell diameter for N = 30 crabs: t = 13.69, df = 29,
p < 0.0001; mean ± SE for eye height 10.1 ± 0.54 mm;
for shell diameter 13.9 ± 0.50 mm).

Behavioral tests: general experimental design

To test the impact of fallen leaves, we conducted a series of
four experiments (detailed below) in which we manipulated
the distribution of leaves at the beach–forest interface. All
experiments were conducted between 0500 and 1000, a time
of peak activity in which individuals wander the beach in
search of social groups to join. The general design for these
experiments followed Laidre (2010) and involved construct-
ing temporary experimental quadrats (60 × 60 cm), with a
wooden dowel being used to make light (3 mm deep) imprints
in the sand.

Each of the four experiments had two different conditions:
in one condition (the “no leaves” condition), the entire perim-
eter of the quadrat was open and free of leaves (Figure S1),
while in the other conditions (the “leaves” condition), the
entire perimeter of the quadrat was surrounded by leaves
(Figure S2). To conduct a given experiment, we alternated
randomly between the no leaves and the leaves conditions
(N = 20 replicates per condition), constructing new quadrats
for each replicate. For quadrats with leaves, we gathered fallen
leaves from another location and then stacked them three high
around the exterior of the quadrat (mean ± SE of leaf height
around quadrat 48.6 ± 1.6 mm, which fell within the natural
range of our measurements of leaf height on the beach). For
the quadrats without leaves, we allocated the same time to
construction and performed the same movements as we did
for the quadrats with leaves, thereby controlling for these fac-
tors. Once a quadrat was fully setup and the relevant stimuli
(see below) had been placed inside it, we then observed from
5 m away with binoculars for 10 min while recording individ-
uals’ behavior. Note that it was not possible to record data
blind because our study involved clearly visible conditions
(leaves versus no leaves) in the field.

Experiment 1: constraints on social group formation?

To test if leaves constrain social group formation, we exam-
ined the attractiveness of simulated social groups that were
placed in the center of quadrats for the leaves versus the no
leaves conditions. We simulated social groups using three
crabs tethered with fishing line to a dowel (see Laidre 2010).
To quantify attractiveness, we recorded howmany individuals
entered the quadrat over the course of the entire 10 min of
observation and also how many individuals (excluding teth-
ered crabs) ultimately accumulated within the quadrat by the
end of the 10 min experiment.

Experiment 2: blockade or sensory constraints?

To test if leaves act as a blockade that is a physical barrier to
movement, we examined how readily individuals could es-
cape when placed in the center of quadrats of the leaves versus
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the no leaves conditions. Individuals were highly motivated to
escape in these experiments, since they had just been handled
before being put in this new location. For each test, we placed
N = 10 individuals simultaneously in the center of a quadrat,
giving them 10 min to exit the quadrat. A total of 400 hermit
crabs were tested across the N = 20 replicates for both
conditions.

Experiment 3: chemical or visual constraints?

To test if leaves constrain other sensory modalities (namely
the chemical modality and so not exclusively vision), we pro-
vided an odor attractant in the center of quadrats of the leaves
versus the no leaves conditions. For the odor, we chose coco-
nut oil, which is known to be highly attractive (Laidre 2013b)
(note: live conspecific odor was not used, since it is known to
be only weakly attractive at best; Laidre 2010). For both con-
ditions, we buried a 16-oz. plastic cup in the center of the
quadrat, with the top of the cup arranged even with the
ground, so that the cup was hidden but its opening was still
accessible to the air (Figure S3). We then pipetted 3 ml of
coconut oil (“Tico Natura,” Heredia, Costa Rica) into the
cup and used gloves, so as to avoid spreading any oil on leaves
or other parts of the quadrat. To quantify attractiveness of the
chemical cues, we recorded how many individuals were pres-
ent within the quadrat at the end of the 10 min. Visual cues
were effectively absent from this experiment, given that
attracted individuals fell into the cups.

Experiment 4: can visual constraints be abolished?

To test if leaves’ impact as a visual constraint could be
abolished, we again employed simulated social groups (as in
experiment 1), except in this experiment we elevated leaves
just above the visual horizon—to a point where they could no
longer obscure crabs’ direct line of sight along the ground. For
the leaves condition in this experiment, we used wooden BBQ
skewers, interwoven to connect leaves and hold them in the air
above the sand substrate (Figure S4). The gap of a few centi-
meters between the sand substrate and the raised leaves meant
these leaves were above even the tallest tethered crab, thus
leaving an unobscured line of sight for free wandering indi-
viduals outside the quadrat to see the tethered conspecifics
inside the quadrat. For the no leaves condition in this experi-
ment, we used an identical setup of wooden BBQ skewers, but
without any leaves attached (Figure S5). Attractiveness was
quantified as in experiment 1.

Predictions and statistical analyses

If leaves impose a major visual constraint on social group
formation, then the following predictions should be met:

(1) Fallen leaves should be abundant at the beach–forest
interface, a hot spot of social group formation among
terrestrial hermit crabs.

(2) After these leaves are removed, more fallen leaves
should steadily accumulate in their place.

(3) Leaves should effectively block individuals’ view, with
the height of leaves off the ground exceeding the eye
height of crabs.

(4) Leaves should constrain social group formation, with
fewer individuals entering and accumulating in the
leaves versus the no leaves condition in experiment 1.

(5) Leaves should not be a physical barrier to movement,
with individuals being equally capable of escaping the
leaves versus the no leaves condition in experiment 2.

(6) Leaves should not constrain chemical sensing, with
equal numbers of individuals accumulating in the leaves
versus the no leaves condition in experiment 3.

(7) Elevating leaves in the air should effectively abolish vi-
sual constraints, with equal numbers of individuals en-
tering and accumulating in the raised leaves versus the no
leaves condition in experiment 4.

To test these predictions, we first quantified the
abundance and accumulation of fallen leaves in the hab-
itat. We then used t tests (with unequal variance) to (i)
compare eye height versus leaf height and (ii) compare
the leaves versus no leaves conditions across experi-
ments 1 through 4. All statistical analyses were per-
formed in JMP® Pro 12.1.0 (SAS Institute, Cary, NC,
USA), with the overall alpha level controlled at 0.05
and with the Bonferroni method used when undertaking
multiple tests.

Results

Habitat and animal measurements

Two tree species, beach almond (Terminalia catappa) and
coconut (Cocos nucifera), dominated the coastline (Fig. 1a),
comprising 33.2% and 60.6% of trees respectively, with only
6.2% of other tree species. Fallen leaves along the beach–
forest interface (Fig. 1b) were represented disproportionately
(75.1%) by beach almond leaves. The raw number of fallen
beach almond leaves was substantial (mean ± SE 207.8 ±
134.6 leaves; range 44–745 leaves) on day 1 in the 3 × 3 m
quadrats. After being cleared of their starting concentration of
leaves, new fallen leaves continued to accumulate within the
quadrats on subsequent days (Fig. 2), at a rate of 31.7 ± 4.8
(mean ± SE) leaves every 2 days. Notably, the height of fallen
leaves dwarfed that of crabs’ eye height (t test: t = 7.95, df =
30.00, p < 0.0001; Fig. 1c, d), thus presenting a potential ma-
jor visual constraint.
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Experiment 1: constraints on social group formation?

Compared to the no leaves condition, the leaves condition
attracted significantly fewer individuals to simulated social
groups (t = 5.55, df = 21.37, p < 0.0001; Fig. 3a) and resulted
in significantly smaller accumulations around those social
groups (t = 5.50, df = 22.49, p < 0.0001; Fig. 3b). Leaves thus

act as a constraint on social group formation, ultimately re-
ducing group sizes by over 75% their original size.

Experiment 2: blockade or sensory constraints?

Individuals placed within quadrats surrounded by leaves read-
ily escaped by maneuvering above and below these leaves,
easily climbing over or crawling under them. For both the
leaves and the no leaves condition, all individuals easily es-
caped in under 10 min (Fig. 4). Leaves thus do not present an
insurmountable physical barrier to movement, but at most
constrain sensory perception.

Experiment 3: chemical or visual constraints?

Equal numbers of individuals accumulated in the leaves and
the no leaves condition (t = 0.57, df = 36.63, p = 0.57; Fig. 5),
indicating that leaves do not constrain odor perception, only
visual perception.

Experiment 4: can visual constraints be abolished?

The raised leaves and the no leaves condition attracted equal
numbers of conspecifics to simulated social groups (t = 0.08,
df = 37.89, p = 0.94; Fig. 6a) and ultimately resulted in equal
accumulations around social groups (t = 0.53, df = 35.29, p =
0.60; Fig. 6b). Thus, if leaves are elevated above the visual

Fig. 1 Habitat dominated by highly social terrestrial hermit crabs
(Coenobita compressus) along the beach–forest interface of Osa
Peninsula, Costa Rica. a Trees along the coastline are composed
predominately of beach almond (Terminalia catappa) and coconut
(Cocos nucifera). b Fallen leaves are abundant in this area, particularly

beach almond leaves. c Social hermit crabs must navigate around these
fallen leaves while forming social groups. d The height of fallen leaves
(N = 30) exceeds the eye height of the crabs (N = 30), presenting a
possible visual constraint for detecting conspecifics

Fig. 2 Number of fallen beach almond leaves (mean ± SE) across N = 5
quadrats along the beach–forest interface. Day 1 represents the initial leaf
count, after which all leaves were removed. Then, every 2 days, new
fallen leaves were counted and these leaves were likewise removed,
revealing the rate with which new fallen leaves arrived in the quadrats
across 21 days
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Fig. 3 Number of individuals (mean ± SE) that a entered and b
accumulated in quadrats containing simulated social groups for the “no
leaves” and “leaves” conditions (N = 20 replicates for both conditions)

Fig. 6 Number of individuals (mean ± SE) that a entered and b
accumulated in quadrats containing simulated social groups for the “no
leaves” and “raised leaves” conditions (N = 20 replicates for both
conditions)

Fig. 5 Number of individuals (mean ± SE) that accumulated in quadrats
containing an odor attractant for the “no leaves” and “leaves” conditions
(N = 20 replicates for both conditions)

Fig. 4 All individuals readily escaped from quadrats in both the “no
leaves” and “leaves” conditions (N = 20 replicates for both conditions,
with a total of N = 400 individuals tested)
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horizon, they no longer present a visual constraint on social
grouping.

Discussion

Few studies have experimentally tested the extent to which
common ecological materials, especially fallen leaves, act as
major visual constraints on social group formation (reviewed
in Stevens 2013; Cronin et al. 2014). Here we used a system in
which we were able to track the origin, accumulation, and
ultimate impact of ecological materials and also experimen-
tally manipulate these materials to directly test their role as
visual constraints on social grouping. Social hermit crabs
(Laidre 2012b, 2014; Bates and Laidre 2018) rely primarily
on vision to detect conspecifics (Laidre 2010). Vision pro-
vides rapid and detailed information on social groupings,
which occur over short temporal periods (Laidre 2013a,
2013b) and across vast spatial scales along the beach (Laidre
and Vermeij 2012). Vision, however, has limitations (Cronin
et al. 2014). Our results reveal that naturally abundant ecolog-
ical materials, in the form of fallen leaves, strongly constrain
social group formation. While fallen leaves do not hinder
movement through the environment or chemical detection,
they do obfuscate visual information, blocking the line of
sight toward conspecifics. By simply raising fallen leaves
above crabs’ horizontal field of view, we found that these
visual constraints could effectively be abolished, thereby
returning social group formation to its original high level.

Ecological materials, like leaves, as well as many forms of
environmental noise, like wind and vibrations (Wignall et al.
2011; Mcnett et al. 2010), can cause a partial or complete
degradation of the physical transmission of sensory informa-
tion (Fleishman 1992). Degradation can also occur across any
modality, not just vision, ultimately confounding relevant cues
and signals used by many social animals (Ward and Webster
2016). The level of such degradation, and of environmental
noise generally, may change temporally in either predictable
or random fashion (Johnsen 2012). For social hermit crabs,
wind and tidal forces constantly move fallen leaves randomly,
thus creating a complex matrix along the beach–forest inter-
face, which can block visual cues usually given off by socially
grouped conspecifics. Critically, the challenge posed by such
environmental noise ultimately generates selection pressures,
which can favor multiple evolutionary strategies by which
individuals might overcome environmentally confounded
sensory information.

One strategy by which social animals can overcome envi-
ronmental noise is altering their signaling behavior (Laidre
and Johnstone 2013), especially increasing the conspicuous-
ness of signals (Uy and Endler 2004). For example, passerines
call at higher frequencies and for shorter durations in urban
areas with increased levels of acoustic noise pollution

(Bermudez-Cuamatzin et al. 2010). Similarly, during periods
of high wind, which causes increased vegetation movement,
lizards increase their signaling behavior, thereby continuing to
effectively attract mates and keep rivals at bay despite the
greater visual noise and background distractions (Fleishman
1992; Peters and Evans 2003; Ord et al. 2007; Peters et al.
2007). For social hermit crabs, conspecifics may only rarely
actively signal their presence, which means that free wander-
ing individuals must instead rely on passive social cues to
opportunistically detect social groupings (Laidre 2010).
Consequently, free wandering individuals may need to adjust
their locomotion speed or travel distances in areas with abun-
dant fallen leaves, exploring these areas more thoroughly if
they are to maximize their chances of finding and joining
social groups. Plasticity in wandering behavior might there-
fore provide a key solution by which individuals could con-
tinue to locate social groupings despite variable amounts of
fallen leaves.

Another strategy for overcoming the challenge of environ-
mental noise is to exploit additional sensory modalities. Once
one sensory modality becomes ineffective at acquiring the
necessary information (e.g., vision is constrained due to
opaque materials), then detection can be enhanced through
the use of a different modality or by using multiple modalities
at once (Girard et al. 2015). Barn owls, for example, are less
effective hunters if they rely on one modality, but if they
utilize both vision and hearing, their likelihood of capturing
prey at night increases (Whitchurch and Takahashi 2006).
Social hermit crabs are capable of exploiting several modali-
ties to orient to social groupings (Laidre 2010, 2018b).
Notably though, chemical cues are far more salient if derived
from freshly deceased individuals rather than living ones
(Valdes and Laidre 2019). The olfactory modality is therefore
an insufficient “backup” for locating living conspecifics.
Interestingly, social hermit crabs also exploit high levels of
collective commotion to orient toward especially active social
groupings (Laidre 2013a), and this greater commotion and
movement—a by-product of the whole group’s activity—
could potentially transmit substrate-borne vibrations that free
wandering individuals pick up on. Vision though appears to
reign supreme in the hierarchy of modalities for social hermit
crabs: once vision is blocked by ecological materials, social
grouping is dramatically impaired, as we have shown in the
present study. Future research can test visual cues in even finer
detail by isolating social groups in clear glass jars, which
completely trap chemical cues and are also soundproof.
Complementary experiments could then dissect the impor-
tance of multiple modalities (chemical, vibrational, visual,
and tactile), singly and in combination, to determine how
these modalities interact and whether multi-modal cues might
more effectively spur social group formation.

Yet another way to overcome environmental noise is
through an evolutionary modification of the sensory system
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itself. Sensory organs are adapted to meet the demands of the
environment, providing organisms with the necessary capabil-
ities to glean information that is most pertinent to survival and
reproductive success (Stevens 2013). Some environments fa-
vor extreme specialization of certain aspects of the sensory
system over others. As an example, the Mexican tetra is found
in caves with no light, which has resulted in the complete loss
of its eyes, but an increased sensitivity to pressure changes in
the water (Yoshizawa et al. 2010). For social hermit crabs,
despite their strong reliance on vision for detecting social
groupings, little is known about the detailed mechanistic prop-
erties of their compound eyes. It is likely these eyes have been
fine-tuned for detecting and orienting toward course-grained
movements along the horizon of the beach, which would max-
imize chances for shell acquisition from conspecifics.
Intriguingly, in our experiments, even when simulated social
groups were surrounded by leaves, some free wandering indi-
viduals consistentlymade direct beelines into the quadrat from
a distance, apparently homing in visually on the social group
through tiny openings in the otherwise unbroken wall of
crumpled leaves. A multitude of potential visual cues could
alert free wandering individuals to social groupings (Cronin
et al. 2014), including movement, color, contrast, or polariza-
tion of the conspecifics’ bodies or shells. Future research
could isolate precisely what visual cues are attractive, as well
as how the compound eyes of social hermit crabs may have
been specialized (relative to other, less social hermit crabs) for
detecting conspecific cues.

Perhaps surprisingly, environmental noise may not always
be something to overcome or cope with but may instead be
useful to exploit, for the purpose of biological privacy
(Strassmann and Queller 2014). By its very definition, envi-
ronmental noise confounds relevant sensory information, ef-
fectively masking an individual’s presence or appearance,
thereby making it more challenging to detect (Stevens
2013). The exploitation of environmental noise for conceal-
ment is well documented in predator–prey interactions (Bear
and Hasson 1997), where, for example, assassin bugs become
more effective at hunting web-building spiders by exploiting
wind-induced vibration to disguise their approach along the
web (Wignall et al. 2011). Less is known, however, about how
social animals might exploit environmental noise, either to
control social group size or to increase individual privacy.
Privacy is especially important for social animals that possess
external “property” (Strassmann and Queller 2014), as hermit
crabs do—in the form of a shell, which must be defended
against conspecifics (Alcaraz and Jofre 2017). Individuals al-
ready in possession of an optimal shell could potentially hide,
within or beneath leaves, thereby reducing their likelihood of
encountering conspecifics who might steal their shell. Social
hermit crabs—with their intense property competition for
highly valuable, architecturally remodeled shells; their dy-
namic social groupings that continually break and reform;

and their complex environmental matrix, containing abundant
fallen leaves, with many conceivable hiding places—could
prove a useful system for future explorations of whether social
animals exploit environmental noise for personal privacy.
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