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Abstract: Behavioral handedness is known to enhance an individual’s handling capabilities. How-
ever, the ecological advantages in brachyuran crustaceans remain unclear, despite the Ocypode
species having been studied extensively. Thus, in this study, we analyzed the laterality of the endemic
Red Sea ghost crab on one beach in Eilat, Israel. We successfully documented the laterality of the
large cheliped in 125 crabs; in 60 (48.0%), the right cheliped was larger, and in 64 (51.2%), the left. We
also observed temporal segregation between the right- and left-clawed crabs. The right-handed crabs
start activity just after sunrise, while left-handed crabs appear ca. 40 min after it. Similarly, temporal
segregations were also observed in the evening. The right-clawed crab activity peaked ca. 20 min
before sunset, while the left-clawed crabs were active uniformly. Additionally, burrow entrances
corresponded to the larger cheliped of the resident individual and is probably a self-defense-related
behavior. We conclude that cheliped laterality in O. saratan populations should be considered as a
bimodal trait, where left- and right-handedness is not under natural selection pressure.
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1. Introduction

Laterality is one of the most visible behavioral-physiological features of organisms,
observed in many systematic groups, i.e., both invertebrates and vertebrates. It is suggested
that bilateral symmetry represents an evolutionary advantage (e.g., locomotion, sexual
selection) that progressively developed in natural populations and can even have a system-
atic directional bias [1]. The prominent use of either the left or the right limb, for processing
or doing specific tasks, was observed in insects [2—-4], fish [5-8], reptiles [9], birds [10-13]
as well as mammals [14,15]. In the case of the latter, research has focused primarily on
humans and primates [16,17]. Nowadays, we know that lateralization influences behavior
in animals and is especially pronounced in situations of disturbance or stress (Eastern
Grey Kangaroo Macropus giganteus [14], Barnacle Goose Branta leucopsis and White-fronted
Goose Anser albifrons [12].

Behavioral lateralization (handedness), because of asymmetric body traits, is known
to enhance an individual’s handling capabilities or other functions. For example, in
American lobsters (Homarus americanus) the left and right claws are individually modified:
one as a crusher, and the second as a cutter claw for foraging purposes [18]. However,
handedness and its ecological advantages, in brachyuran crustaceans, remain unclear
because of the differences between the species. In many of the crustaceans studied to
date, the overwhelming majority show handedness in that they have a single enlarged
claw (cheliped; [19,20]. In five of the ca. 102 studied species of Thalasucca spp., the large
claw was predominantly on the right [21], while another study showed that the large claw
was equally likely to be either on the left or the right side in most species [22]. Vannini,
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M. [23] also found that 92% of O. ryderi in Somalia were right-handed. In contrast, the
painted ghost crabs (Ocypode gaudichaudii) in Costa Rica were found to be predominantly
left-handed [24]. So far, there has been no direct research on this aspect, but it is suggested
that one larger cheliped is linked to behaviors such as feeding, courtship, territorial defense,
or burrow usurpation [25-28].

In fiddler crabs (Uca mjoebergi), claws had distinct forces that resulted in different
outcomes during fights between conspecific males [29]. In some populations, left-clawed
males were a minority and disadvantaged in burrow retainment and when in duels with
right-clawed males [30]. Tina, EW,, et al. [31] found that the fighting duration between
sparring males was longer if they were homoclawed, but that in burrow retainment fights,
residents were more successful than potential usurpers, irrespective of the handedness.

Thus, we conclude that this phenomenon of handedness, in this systematic group, is
still puzzling, and no convincing ecological or evolutionary explanation has yet been for-
warded. Although other Ocypode species have been studied extensively (review in [22,32],
the endemic Red Sea ghost crabs (O. saratan Forskal, 1775; RSGC) remain largely unstudied
in its geographic range in general [33,34], and in Israel, in particular. Hence, we undertook
to study the species at the only beach where the species still exists in Eilat, southern Israel.

The RSGC is endemic to the Red Sea, in the Rift Valley region [35,36]. The species is
adapted to a semiterrestrial environment in high-temperature conditions, are gregarious,
occupy sandy beaches, and can be identified by the square-shaped carapace and eye stalks
with projecting sinuous styliform [34]; both males and females have a single large claw.
Ghost crabs are named as such because they are considered to be nocturnal and their pale
coloration camouflages them well on the sand [37]. Ghost crabs are organic omnivores and
facultative scavengers, whose cleaning of the beaches makes them an important component
of the beach-related food webs [38—41].

Earlier studies of the RSGC [33,34] were conducted in Saudi Arabia, Egypt, and
Ethiopia; they showed that the Egyptian population was diurnal as compared to the
Ethiopian population that was almost entirely nocturnal. Further, although the males in
both populations built pyramids near the entrance to their burrows, the Ethiopian popu-
lation had almost entirely lost their mate-selection function, at least during the moonless
nights; vibration signals were prominently used, which the researcher assumed were prob-
ably phylogenetically much older [33]. Furthermore, Egyptian males built pyramids at
the entrance to their burrows for territory signaling to conspecifics males, for courtship,
and mating with females. Courtship is passive wherein males build the sand pyramids
but do not actively pursue the females; these are attracted to the pyramids and choose the
male by walking into the burrow [33]. Despite the studies of the behavior of this species,
the proportion of the positioning of the claws, and their ecological roles, remain obscure.
Hence, we studied this endemic, little-studied species at the only beach where the species
still exists in Eilat, at the southern tip of Israel.

2. Methods
2.1. Study Area

Our study area is located on the beach in Eilat (29°32/34” N 34°58'39” E to 29°32'33” N
34°58/41” E; Figure 1), located at the northwestern corner of the eastern arm of the Red Sea.
The short section of the beach remains in its original, sandy substrate, while all of the other
parts have been covered with gravel to make them more comfortable for beach tourism,
making them inhabitable to the RSGC population. None of the individuals are trapped or
color-marked for individual identification.
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Figure 1. Map showing, encircled, the location of the “Ardag Beach” in Eilat, Israel, where the endemic Red Sea ghost crab

(Ocypode saratan) can still be seen (Google Maps).

2.2. Field Study

The ca. 100 m of sandy beach, along with the 300 m extension eastwards into a military
fortification to the east on the border with Jordan, is the last stronghold of the endemic
RSGC in Israel. We obtained special permission from the Israeli navy to conduct the study
on the undisturbed beach included in the fenced-off area adjacent to the international
boundary with Jordan.

At each session, we limited our observations to 2 h. Observations were equally dis-
tributed between morning, afternoon, and evening hours. All observations were conducted
during March, April and May 2019 and 2020. We conducted a total of 134 h of observa-
tion, of which 54 were on the beach of the naval base and 80 on the tourist beach. All
observations were conducted with the help of binoculars (10 x 40 Swarovski Optik) to
minimize disturbance to the crabs. Observations were also able to be conducted after sunset
because the beach of the naval base is lighted by projectors, and the light also reaches the
neighboring tourist beach.

At each of the beaches, we sat at a distance of ca. 10 m from the line of burrow
entrances, which are distributed uniformly at the high-tide mark, and attempted to identify
all the RSGC as they exited their burrows and either foraged on the beach or excavated
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sand from within the burrow. After each 2-h session, we observed the same at the adjacent
beach. Because it is almost impossible to sex the crabs without catching them, and because
the entrance to the burrows of both sexes is very similar [23], and both are lateralized, we
collated the data for all the individuals observed during the study.

In crabs for which we successfully established the laterality by noting the larger of the
two claws, we also approached their burrow and slid in an elastic strip of 30 mm length
to detect the directionality of the entrance to the burrow and the first spiral downwards
of [27,42-44].

We assumed that even if we, over the research period, resample some of the individu-
als, the same experiment repeated many times leads to a normal distribution. However,
ghost crabs are known to have a fast turnover in burrow occupancy such that the assump-
tion can never really be tested in the field [41,45] unless each of the crabs is individually
color marked.

2.3. Statistical Analysis

The G-test was used to test the proportion of left and right crabs in the population [46].
We also analyzed by logistic regression [46] the influence time of day on the activity of
left- and right-claw crabs to try to understand if the diurnal activity was influenced by
lateralization. Additionally, we also employed a t-test to test the difference in the average
daily activity of crabs with left (0) and right (1) claws. Variation between both groups (0
and 1) in both analyses, i.e., “after sunrise” and “before sunset”, were homogeneous (after
sunrise: F = 0.89, p = 0.81; before sunset: F =2.79, p = 0.08). All calculations were performed
in R 4.0.2 [47].

3. Results

We successfully documented the laterality of the large cheliped of 125 crabs. Of these
60 (48.0%) the right cheliped was the larger of the two, and in 64 (51.2%), it was the left. The
proportion of left and right crabs in the population did not differ significantly (G = 0.032,
p = 0.97, Figure 2). Additionally, except for one individual (0.8%) who had a predominant
right claw but whose burrow led to the left, all of the rest had burrow entrances that
corresponded to the larger cheliped, i.e., those with a larger left cheliped had burrow
entrances spiraling to the left and vice versa (Figure 2).

G=0.032, p=0.97

51.24
48.0—

Frequency

0.8 1 —

claw burrow right left claw burrow
left claw burrow right

Figure 2. The frequency of the larger cheliped in the Red Sea ghost crab (Ocypode saratan) and the
directionality of the burrow entrance.

We compared the time of day when we observed the activity of the two lateralized
groups of RSGC and found that the right-clawed crabs start their diurnal activity just before
sunrise (from exactly sunrise to 80 min before sunrise) while the left-clawed crabs start
their activity earlier and come out of their burrows ca. from 100 to 40 min before sunrise
(B-coefficient = SE = 2.43 £ 1.22, Z = 1.99, p = 0.046, R2 = 0.275, Figure 3A). The mean
difference between the right- and left-clawed crabs was statistically significant (t = 4.71,
p < 0.0001, Figure 3A—internal plot).
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Figure 3. (A) Activity differentiation between right- and left-clawed crabs 0 to 100 min after sunrise. The right-clawed
crabs wake up first, the left-clawed crabs wake up ca. 40 min after sunrise. Boxplot indicates mean (SE, range) differences

between right- and left-clawed crabs. (B) Activity differentiation between right- and left-clawed crabs 100 min before sunset.

Right-clawed crabs have the highest activity 20 min before sunset, while left-clawed crabs have a constant activity through

the evening. Boxplot indicates no differences mean (SE, range) between right- and left-clawed crabs.

In the evening, right-clawed crabs ended activity immediately after sunset, and after
60 min, all individuals entered their burrows, while left-clawed crabs were active uniformly
all evening and were observed even 100 min after sunset ([3-coefficient == SE = —0.58 =+ 0.66,
Z =—0.85,p =0.378, R2 = 0.06, Figure 3B). In this case, we found no significant differences
between the right- and left-clawed crabs (t = 1.71, p = 0.063, Figure 3B—internal plot).

4. Discussion

The endemic Red Sea ghost crabs are limited to a very small stretch of the beach in
Israel. To understand the ecology of the species, we undertook this study to understand
the degree of lateralization within the population. Our results show that the left- or right-
handedness in RSGC shows a 1:1 ratio. We did find that the handedness influenced their
temporal distribution during the day. However, because we did not study their foraging
ecology, we are unable to state whether this also influenced diet. We assume this not to be
the case because we have observed all of the individuals breed in the same stretch of the
beach, and neighboring burrows can have opposite-handed individuals occupying them.
The predators (mostly Indian House Crow Corvus splendens) on the beach prey equally on
left- and right-handed crabs.

The 1:1 ratio in handedness was previously shown for fiddler crabs (Uca mjoebergi) in
Australia [28-30]. However, this differs from the Thalassuca spp., which is predominantly
right-handed [21], and in U. vocans vomeris, for which less than 1.4% were left-clawed [30].

In the fiddler crabs, genus Uca, all 92 species have an enlarged claw, which is used as
a weapon in intra-specific interactions with males or for attraction of females. In 90 of the
species, the ratio is equal between left- and right-clawed males. In two species, however,
91-99% of the males are right-clawed [45,48]. It is of interest to note that the researchers
found no differences in fighting or other behaviors between the right- and left-clawed
individuals. A study of U. mjoebergi suggested that handedness created distinct forces and
resulted in different outcomes [28,29]. Furthermore, it was also reported that minority
left-clawed males were disadvantaged in burrow retainment and appeared to refrain from
engaging in duels with right-clawed males, which usually resulted in protracted duels
as compared to sparring with homoclawed individuals [30]. Although duels were not
observed during our study, we did observe burrow usurpation, and the subject of adap-
tiveness and ecological advantages raises the question of the lack of claw differentiation
in the crustacean populations. A 1:1 ratio in handedness suggests no advantage to any of
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the two groups, and yet, habitat segregation and behavioral differences were observed,
i.e,, different times of activity. If there is an advantage to homoclawed males, then a drift
away from the 1:1 ratio would increase, and the handedness that occurs in the lower pro-
portion would be under higher selective pressure and possibly slowly be eliminated from
the population. However, this does not appear to be happening in the study population
because of segregation. In our study, temporal segregation was observed, and it appears
that the two groups avoid intra-specific competition in that the right-handed crabs are
active earlier in the morning and their activity declines when the left-handed crabs appear
ca. 40 min after sunrise. This temporal segregation was also observed in the evening when
the right-clawed crab activity peaked ca. 20 min before sunset, while the left-clawed crabs
were active uniformly. Similarly, Seike, K. and Nara, M. [49] demonstrated a different type
of segregation. They found habitat segregation in O. ceratopthalma, which inhabited the
lower dune to foreshore areas, while the O. sinensis built their burrows in the dunes of the
backshore areas in Japan.

Costa, L.L., et al. [50] thought that the predominantly uniform distribution of the
burrows at the high tide mark suggested intra-specific interactions as the driver influencing
burrowing behavior and spacing on the beach. Future studies need to question whether
the temporal segregation of the RSGC on the beach at Eilat is an artifact of a restricted
habitat with unnatural conditions, or a wider phenomenon that needs to be studied at other
beaches of the Red Sea that are less frequented by humans. The latter is important because
RSGCs subsist in Eilat with constant light during the night and a heavy tourism load
during the day. The latter is important because [51], who compared 39 beaches in Brazil,
found that beaches with the least human presence had the highest densities of burrows.
Similarly, Haque, H. and Choudhury, A. [44] found a positive correlation between the
number of people frequenting the beach and the number of crab burrows. Further, Schober,
U.M. and Christy, ].H. [52] found that burrowing activity in male painted ghost crabs (O.
gaudichaudhi) peaked around full and new moons, and these effects may be neutralized by
the constant light of the projectors affecting the local population of the RSGC.

Additionally, we found that laterality influenced the directionality of the burrow. Ex-
cept for one individual, all others dug the initial spiral in the direction of their handedness,
i.e., left-clawed individuals to the left and right-clawed to the right. We assume that the
single individual was taking refuge in the nearest burrow upon our approach, irrespective
of laterality. This finding concurs with that of [33] and that of [23] for O. ryderi in Somalia.

RSGCs always exit the burrow with the larger cheliped leading such that we assume
this is also self-defense-related behavior (Figure 4). The directional excavation of the
burrows probably also facilitates homoclawed females to choose males. This is further
substantiated by the fact that [8] found that asymmetry in genitalia was in sync with
lateralized mating behavior. This speculation is reflected in another study that found
females search for homoclawed partners [32]. Additional study is required to understand
the selection pressures on the species and if there is any deviation from the present norm
in the future.

Our conclusion is consistent with [24], who underlined in his research of left-handed
Ocypode crabs in Costa Rica that caution should be exercised in using laterality as the
key characteristic for any crustacean species. In our opinion, cheliped laterality in the
genus Ocypode, and especially in O. saratan, should be considered a bimodal trait in the
studied population.
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Figure 4. A right-handed Red Sea ghost crab (Ocypode saratan) excavates sand from its burrow.
Note that it exits with the larger claw leading while carrying sand in the smaller claw. (Photo:
Reuven Yosef).
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