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Abstract Investigating the time activity budgets of fiddler
crabs is very important to determine the effects of sex and
body size on allocating time for different activities. Few
previous studies investigated the effects of sex and body size
on time allocations in underground mating species. This study
determines the effects of sex, size and their interaction on time
allocations in a surface mating species (Tubuca rosea
(Tweedie, 1937)). The surface activities of large and small,
male and female crabs were video recorded. Afterwards time
allocations for various activities (e.g., feeding, standing
(vigilance), walking, inside burrows, grooming, burrowing,
mating, and for males only, fighting and claw-waving) were
calculated. All crabs spent most of their time on feeding than
on other activities. Smaller crabs spent more time being
vigilant, whereas larger crabs spent more time on courtship
displays (grooming, and waving), and fighting. Between
sexes, females spent more time standing, but less time on
walking and grooming than males. Predation risk,
reproductive maturation, breeding/non-breeding season, and
energy conservation could be important factors for shaping
time allocations in T. rosea.
Keywords: activity budgets, courtship display, feeding,
mating, vigilance
Introduction
In animals, males and females show different activities
and they allocate time differently for different activities based
on their requirements. For example, feeding activity is very
important for animals to gain energy for various activities,
especially for reproduction. On the other hand, reproductive
activity is important to produce the offspring, and this activity
shapes the feeding activity of animals (Schoener 1971).
Animals would allocate less time for feeding and more time
for reproductive activity when the chances for mate selection
and reproductive success are higher, and it may happen during
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breeding season. On the contrary, animals would allocate
more time for feeding and less time for reproduction when the
chances of reproductive success are lower, and it can be
observed during non-breeding season (Schoener 1971;
Caravello and Cameron 1991).
Sex, body size and parental investment are important
factors that influence the behavioural decisions in animals. In
general, sexual selection is stronger in males than in females
(Trivers 1972). Males allocate more time than females for
mate attraction and territorial defense. However, smaller-sized
males are less attractive to females in many animals including
fiddler crabs (e.g., mottled sculpin (Cottus bairdi (Girard,
1850)), striped triplefin (Forsterygion varium (Forster,
1801)),
redlip
blenny
(Ophioblennius
atlanticus
(Valenciennes, 1836)), topi (Damaliscus lunatus (Burchell,
1823)), puku (Kobus vardoni Livingstone, 1857), and fiddler
crabs Tubuca paradussumieri (Bott, 1973), Austruca
annulipes (H. Milne Edwards, 1837), and Austruca mjoebergi
(Rathbun, 1924)) (Brown 1981; Thompson 1986; Côte and
Hunte 1989; Balmford et al 1992; Backwell and Passmore
1996; Jaroensutasinee and Jaroensutasinee 2003; Callander et
al 2012), thus, they tend to spend less time on courtship
displays (Tina et al 2016) as it increases the expenditure of
time and energy without any benefit (Callander et al 2012).
Furthermore, energy demand for gamete production is
different between males and females. As females produce
larger and more costly eggs compared to smaller and less
costly sperms produced by males, thus, females demand
higher energy than males (Trivers 1972; Brunton 1988).
Therefore, individuals from different sex and size groups
should allocate their time differently for different activities
based on their requirements, and it is very important to know
how animals allocate their time for different activities. Using
observation method is the best way to explore animal
behaviours, especially for animals in groups (Altmann 1974).
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Fiddler crabs are an excellent model for studying time
allocations as they are highly social animals and show
numerous social behaviours (Caravello and Cameron 1991;
Weis and Weis 2004; Tina et al 2016). Moreover, their
behaviours can be easily observed and recorded under natural
conditions (Mokhlesi et al 2011; Tina et al 2016). Until now,
only two studies investigated the effects of sex and size on
time allocation in Leptuca panacea Novak & Salmon, 1974
and A. annulipes (Caraello and Cameron 1991; Tina et al
2016). Both of these species are underground mating species
in where males build the breeding burrows, and females select
males based on their burrow qualities and incubate eggs inside
those male burrows (Caravello and Cameron 1991; Backwell
and Passmore 1996). Whereas, no research has been
conducted to determine the effects of sex, body size and their
interaction on time allocations of a surface mating species, in
where females build their breeding burrows and incubate eggs
inside their burrows (Christy and Salmon 1984; deRivera and
Vehrencamp 2001). In this study, we are aiming to test the
effects of sex, body size and their interaction on time
allocations of Tubuca rosea (Tweedie, 1937) for the first time.
T. rosea is a surface mating species (Murai et al 1996; Tina et
al 2018) and is widely distributed in the mangroves in western
coast of Malaya.
Materials and methods
Study site
We investigated the surface activities of T. rosea inside
mangrove vegetation at Tammalang Port, Satun Province
(6°32'06.96"N 100°04'16.73"E), southern Thailand during dry
season (April to June, 2017). T. rosea reproduces throughout
the year but mostly from July to October and from January to
March (Sen and Homechaudhuri 2015). This T. rosea
population occupied an area of 450 m2. This study was
conducted during neap low tide, and between 9:00 am and
1:00 pm.
Behaviour observation
We selected randomly 177 crabs regarding of their sex
and size (97 females (large: 53, small: 44), and 80 males
(large: 39, small: 41)), and video recorded their activities
using a Panasonic DMC-GX1 camera. Each day, video
recordings were conducted in an unbiased manner, so that both
size classes and sexes were recorded equally or nearly.
The larger and smaller crabs were divided based on the
carapace width (smaller: 6.78-14.00 mm, larger 14.01-22.80
mm). Each crab was video recorded for ten minutes.
Afterwards, the crab was caught to measure its carapace width
using digital Vernier callipers to the nearest 0.01 mm. All
videos were watched, and surface activities were classified as:
feeding, standing (vigilance), inside burrows, mating,
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walking, grooming, burrowing, fighting, and waving. Fighting
and waving were observed only in males. A few numbers of
crabs (5 females and 4 males) showed surface mating, and all
of them were larger than 16 mm. The amount of time each crab
spent on each activity was analysed, and the percentage of
time was calculated.
Statistical analysis
Parametric statistics were used when normality or other
assumptions of parametric tests were met. The percentage data
of time allocation were arcsine transformed (in degrees)
(Sokal and Rohlf 1981). One-way ANOVA tests with posthoc Bonferroni corrections were used to determine the
differences in time allocation in males and females separately.
A Multivariate Analysis of Variance (MANOVA) test was
used to analyse the effects of sex, size and their interaction on
time allocation. In MANOVA, male activities only (fighting
and waving) were not included. We used t-tests to determine
the differences in (1) carapace width between mating and nonmating crabs, and (2) time spent on fighting and waving
between smaller and larger males. Data were reported as mean
values ± standard error (SE). All significance tests were
considered statistically significant at P<0.05.
Results
Crab body size and surface mating
The crabs who showed surface mating was larger in
size than the crabs who did not show surface mating (mating
crabs: 19.60 ± 0.81 cm, non-mating crabs: 13.47 ± 0.34 cm,
t175 = 3.84, P<0.001).
Time allocation for surface activities in males and in females
Time allocation in males, as well as in females, differed
significantly among the activities (One-way ANOVA: males:
F8,711 = 192.32, P<0.001; females: F6, 672 = 398.83, P<0.001).
Both sexes spent more time on feeding than on other activities
(P<0.001) (Figure 1a, b).
Sex, body size, and time allocation for surface activities
Multivariate analysis of variance showed that sex, size,
and the interaction of sex and size had effects on time
allocation (sex: Wilks’ Lambda = 0.71, F7,167 = 9.62, P<0.001;
size: Wilks’ Lambda = 0.74, F7,167 = 8.43, P<0.001; sex × size:
Wilks’ Lambda = 0.81, F7,167 = 5.40, P<0.001). Two-way
ANOVA showed that in the case of spending time on standing,
females and smaller crabs spent more time on standing than
males and larger crabs, respectively, but sex × size did not
show any effect (sex: F1,173 = 11.70, P<0.005; size: F1,173 =
23.05, P<0.001; sex × size: F1,173 = 0.53, ns; Figure 2a). In
grooming, males groomed more than females, and larger crabs
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groomed more than smaller crabs, but sex × size did not show
any effect (sex: F1,173 = 47.57, P<0.001; size: F1,173 = 17.21,
P<0.001; sex × size: F1,173 = 2.21, ns; Figure 2b). In the case
of walking, females spent less time on walking than males,
whereas size and sex × size, did not show any effect (sex: F1,173
= 7.97, P<0.01; size: F1,173 = 2.62, ns; sex × size: F1,173 = 0.21,
ns; Figure 2c). In surface mating, only larger crabs showed
surface mating, but sex and sex × size did not show any effect
(sex: F1,173 = 0.53, ns; size: F1,173 = 7.76, P<0.01; sex × size:
F1,173 = 0.53, ns; Figure 2d). In the case of spending time inside
burrows, sex and body size did not show any effect, whereas
sex × size had an effect (sex: F1,173 = 0.09, ns; size: F1,173 =
0.18, ns; sex × size: F1,173 = 5.77, P<0.05; Figure 2e). During
spending time in feeding and burrowing, sex, size and sex ×
size did not show any effect (feeding: sex: F1,173 = 0.61, ns;
size: F1,173 = 0.35, ns; sex × size: F1,173 = 1.59, ns; burrowing:
sex: F1,173 = 1.67, ns; size: F1,173 = 0.11, ns; sex × size: F1,173 =
0.78, ns; Figure 2f, g). For male activities only (fighting and
waving), larger males spent more time on fighting and waving
than smaller ones (fighting: t78 = 2.56, P<0.05; waving: t78 =
3.85, P<0.001; Figure 2h, i).

(a)

(b)

Figure 1 Time spent (%) (arcsine transformed, degrees) on surface
activities in Tubuca rosea males (a, white bars) and females (b, gray
bars); upper-case letters indicate the mean differences (P<0.05)
among the activities.

Discussion
In fiddler crabs, males and females from underground
mating species (i.e., L. panacea, A. annulipes) spend most of
their time on feeding, and their time allocation for feeding is
not different between sexes (Caravello and Cameron 1987;
Tina et al 2016). Their findings support our finding, and all of
doi.org/10.31893/2318-1265jabb.v7n2p60-65
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these studies show that both underground and surface mating
species spend most of their time on feeding. Females spend
more time on feeding to get energy for producing eggs, as well
as for increasing the number of egg clutches (Salmon and
Hyatt 1983), whereas males spend more time on feeding to get
energy for courtship displays (Milner et al 2012). Time
allocation for feeding was not different between small and
large crabs. Similar result was observed in L. panacea from
State Park, Galveston, Texas, whereas, smaller crabs of L.
panacea from East Lagoon, Galveston, Texas and A.
annulipes from southern Thailand spent more time on feeding
than larger crabs (Caravello and Cameron 1987; Tina et al
2016). These findings indicate that size affects feeding
behaviour differently in different species or populations, and
it may happen due to differences in resource availability, or
levels of competition and predation risk among species or
habitats (discussed in Caravello and Cameron 1991).
Smaller crabs spent more time on standing than larger
ones, and females spent more time on standing and less time
on walking than males. Animals tend to stay vigilant mainly
for two reasons- (1) to detect predators and/or to minimize the
predation risk (Lima and Dill 1990), and (2) to conserve
energy (discussed by Cowlishaw 1998). Normally smaller
fiddler crabs have more predation risk than larger ones
(MacIntosh 1979), and thus, they might stay vigilant more
than larger ones. However, in the case of underground mating
species (L. panacea; A. annulipes), small and large crabs spent
similar amount of time on standing. The reason behind this
different finding could be the predation risk of the populations.
Smaller crabs from a population with higher predation risk
might spend more time on being vigilant compared to the
larger ones due to their higher predation risk. In females, more
standing and less walking probably reflects energy
conservation. As locomotion is energetically costly (Dasilva
1992), thus, reducing movement may help the females to
conserve energy. Females demand high energy to produce
eggs and incubate egg masses. Moreover, in surface mating
species, females construct breeding burrows for egg
incubation that is not the case in underground mating species.
On the other hand, males walked more compared to the
females probably due to mate searching. In surface mating
species (e.g., Gelasimus vocans, and T. rosea) (Christy and
Salmon 1984; Murai et al 1996), mate searching by males is
common (Christy and Salmon 1984).
T. rosea males spent more time on grooming than
females. Similar result was observed in A. annulipes males
(Tina et al 2016). There are two possible reasons behind this.
First, males groom more in order to make their major claws as
bright as possible because females tend to choose males with
brighter claws (Bergey 2007). Second, males possibly require
less energy to wave a claw covered with less mud compared
to one with more mud.
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Figure 2 Time spent (%) (arcsine transformed, degrees) of large (white bars) and small (black and white, diagonally stripped
bars) Tubuca rosea (Tweedie, 1937) males and females on their activities: a, standing; b, grooming; c, walking; d, mating; e, in
burrows; f, feeding; g, burrowing; h, fighting; and i, waving; ‘♦’ indicates differences between sexes, and ‘*’ indicates differences
between sizes.
Smaller males spent less time on courtship displays
(i.e., grooming, and waving) than larger males, because
smaller males are not large enough to attract females. In
fiddler crabs, male body size acts as a mate selection criterion,
and females tend to select larger males for mating (Backwell
and Passmore 1996; Jaroensutasinee and Jaroensutasinee
2003; Callander et al 2012), because larger males copulate for
longer time than smaller males (Jaroensutasinee and
Jaroensutasinee 2003). Thus, T. rosea smaller males groom
and wave less, as they have less chance of selection by
females. Smaller males also spent less time on fighting than
larger males. Similar result was observed in the case of the A.
annulipes (Tina et al 2016). Usually, larger crabs in a
population are involved more in fighting than smaller crabs,
as larger males are strong enough to take over other males’
burrows through fighting than smaller ones (Jaroensutasinee
and Tantichodok 2002; Tina et al 2015). In crabs, digging a
new burrow is more energetically costly than renovating a
burrow (Hyatt and Salmon 1978).
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It was observed that only large-sized crabs (>16 mm
carapace width) were involved in surface mating. Our finding
supports some previous findings. Sen and Homechaudhuri
(2015) observed that T. rosea females attained sexual maturity
when they were ≥ 10 mm in carapace width, and Crane (1975)
observed ovigerous females of 16 mm in carapace width.
Furthermore, Murai et al (1996) observed that T. rosea males
and females that were involved in mating were at least 16 mm
in carapace width. We also observed that a few numbers of
crabs were involved in mating. The reason behind this could
be that this study was conducted during the time (April-June)
when T. rosea show lowest reproductive activity (Sen and
Homechaudhuri 2015). Another important point is that less
involvement in mating activity could be linked with higher
feeding activity that we have observed in this study. Usually
during non-breeding season, crabs spend more time on feeding
or gaining energy (Caravello and Cameron 1991), as they are
not interested in reproductive activity during that time.
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Conclusions
This study shows how sex, body size and their
interaction affect the time allocations of a surface mating
fiddler crab species (T. rosea). Both sexes (small and large)
allocate most of their time for feeding to gain energy. Larger
crabs spent more time on courtship display than smaller crabs
due to their reproductive maturity or higher reproductive
demands. Smaller crabs spent more time on standing than
larger crabs, probably due to their higher predation risk.
Females spent more time on standing than males, probably for
conserving energy, as their parental investment is higher than
males. This study determines how T. rosea males and females
of different sizes allocate their time differently for different
activities and offers several possible explanations for observed
differences. Further study should investigate the effects of
breeding season and predation risk on time activity budget of
fiddler crabs.
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