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ABSTRACT

A survey was carried out on the fiddler crabs present in a small naturally defined mangrove swamp in the
upper Bonny Estuary of the Niger Delta (S. Nigeria), the purpose of which was to study the ecological significance of
the claws of the Ocypodidae crab, Uca tangeri (Eydoux, 1835).

Previous studies on the size of the claws of crabs generally have focused on their use in foraging. In the present
investigation, the use of claws in reproduction provides further support to the view that evolution of crab chelae (claws)
is not driven by feeding requirement alone. Mating pairs collected in the field showed that > 75% of mating males had
chelae above the average size of the male population as a whole. Maintenance costs for cheliped in Uca tangeri
estimated by respirometry were not significantly different from other body tissues as oxygen uptake could be predicted
solely from dry tissue weight. Moreover, the rate of oxygen uptake was independent of the proportion of the total body
weight that could be contributed by the chelipeds. Changes in the allometry of various dimensions at sexual maturity

was observed in U. tangeri and suggests a sexual role in the crab.
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INTRODUCTION

The brachyuran features extensively in relative
growth studies (Cott, 1922; Huxley, 1931; Teissier,
1960; Herreid, 1987; Hartnoll, 1995). In general,
crustaceans have proved particularly useful for the study
of relative growth for the following reasons: their hard
integument facilitate accurate measurement, the
intermittent ecdysial growth enables clear subdivision of
ontogeny, and there are frequently differences in growth
rates between males and females, and between mature
and immature specimens. Brachyuran cheliped (claw)
usually displays the phenomenon of relative growth and
also comprises a large percentage of total body weight
(Stein, 1976; Lee and Seed, 1992). Besides, its size
with respect to overall body dimensions is rather large in
many species (Vermeijj, 1977). Many workers
(Hamilton, et al., 1976; Warner & Jones, 1976; Brown,
et al., 1979; Elner & Campbell, 1981; Warner, et al.,
1983; Abby-Kalio & Warner, 1984; Seed, 1990; Lee &
Seed, 1992) have worked extensively on the
biomechanics, morphology and anatomy of brachyuran
chelae. In predatory forms, strong crushing forces often
generated by the chela generally allow feeding on hard
body organisms, particularly when applied through the
occlusive surfaces (Warner & Jones, 1976; Brown, et
al., 1979; Elner & Campbell, 1981; Blundon & Kennedy,
1982; Abby-Kalio & Warner, 1984). In portunid crabs
the effeicency of the crushing process, crushing
behavour and its effect on predation with respect to the
cheliped ecology have been extensively reviewed
(Ebling, et al., 1964; Elner, 1980; Seed, 1982; Jubb et
al., 1983; Cunningham & Hughes, 1984; Jensen &
Jensen, 1985; Davidson, 1986). The concept of the
coevolution of cheliped size with hard-body prey in

different regions was extensively reviewed by Vermeij,
1976; Abele et al., 1981). In heterochelous crabs such
as Uca the size of the larger chela was considered to
serve as a template in determining sexuality, thus
reflecting the strong emphasis placed on mating needs
as selective forces in chela evolution. (Elner, 1978). In
the present study, we investigate the phenomenon of
relative growth and its ecological role in ocypodid crabs
with particular reference to the fiddler crab Uca tangeri.

MATERIALS AND METHODS

MORPHOMETRICS
Twenty-five 0.25 m’ standard quadrat (Holmes &
Melntyre, 1984) samples were randomly taken

alternately along transects running from low to high
water levels during October, 1989. Crabs were
extracted from their burrows each time, using a shovel
and, the length and width of individual crab skeletal
dimensions measured to the nearest 0.01 mm using an
EHB venier calipers. A total of 1902 crabs comprising
925 males and 977 females were collected during the
investigation. A wide range of sizes were collected for
both sexes. Maximum carapace width, chela height,
and position of the master chela (handedness) of both
chelae were recorded for each crab. The mechanical
advantage was calculated as the ratio of the distance
(“a”) from the point of attachment of closer apodeme (to
the distance from pivot) lever length to tip (“b”) of the
dactylus (dactylus length) (“a”/’b”) (Fig. 1). As the depth
of the master chela (males) and the minor chela
(females) as well as the mechanical advantage (grip
strength) change with size (Abby-Kalio & Warner, 1989),
average values recorded for these parameters were
measured only from crabs greater than 30mm (range
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30.5 to 40.5mm) carapace width (CW) for males
(n=720). For females crabs with (CW) greater than
25mm (range 25.5 to 34.2mm)(n=902) were measured.

USE OF CHELA IN REPRODUCTION

The relationship between cheliped size and
reproductive success was evaluated by comparing the
distributions of chelal depth among crabs within mating
pairs, with those obtained for the male crab population
of similar size collected from the same locality. Mating
pairs were collected throughout the reproductive season
of 1989.

ENERGY MAINTENANCE COST

The basal metabolism of inactive crabs was
estimated from measurements of oxygen consumption.
All experimental crabs (n=40) were starved for two days
before they were used. This was to avoid changes in
metabolic rate which may result from food ingested prior
to the experiment (Wallace, 1973). The chelipeds of 10
individuals were removed and the crabs allowed to
recover for 1 month before their metabolic rates were
measured. Oxygen consumption rate was determined
by monitoring the changes in dissolved oxygen. The
respirometer was filled with oxygen-saturated saline
(30%0) filtered seawater and maintained at 26°C. The
water was stirred by the magnetic stirrer and the partial
pressure of the dissolved oxygen monitored using a
radiometer oxygen-pH analyser. All experimental crabs
were allowed to settle in the respirometer for at least 1
hour before measurements were made and the change
in partial pressure of oxygen was then monitored over a
period of more than 1 hour. Preliminary experiments
show that with or without the cheliped oxygen uptake by
Uca was independent of oxygen concentration down to
about 20% saturation.
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RESULTS

MORPHOMETRICS

Male Uca tangeri is heterochelous. There was no
significant difference (P > 0.01) in the handedness in the
male crabs (Table 1). In males the major chela was just
as likely to appear on the right (50.5%) or left side
(49.50%). Sexual dimorphism in master chelal size, but
not structure (occlusive geometry) is also evident. In
sexually mature crabs, both the master chelal height and
mechanical advantage at the dactylus tip are
significantly (p<0.05) greater amongst male crabs than
amongst females of comparable carapace width (Table
1). The higher mechanical advantages of male crabs is
due to the greater distance between the point of
attachment of the flexor apodeme and the dactylar pivot
(p), rather than to a shorter dactylus (Fig. 1), thus
corresponding to the greater master chelal height
observed in the males. The chelipeds in Uca tangeri
account for about 25% of the total body fresh weight in
males but less than 18% in females, where as the two
minor chelae are similarly small in size and
indistinguishable.

The change of gradient (at about 30mm CW) in the
regression between the master chelal height and
carapace width in male Uca tangeri (Fig. 2a) is
suggestive of a strong association of chelal size with
sexual (reproductive) function. Significant differences
were observed in gradients of regression lines for
individuals greater or smaller than 30mm CW for male
crabs (slope for individuals > 30mm CW = 1.21, for
those < 30mm CW = 1.7; P < 0.005). The change in
slope was not significantly evident in the female (Fig. 2b)
individuals (slope for individual > 30mm CW = 1.08, for
individuals < 30mm CW = 1.05 P > 0.05

Fig. 1. Uca tangeri. Diagram showing the various morphometric features measured. Ht: chela height;
P=pivot, a: distance from point of attachment of closer apodeme to pivot; b: distance from
pivot to tip of dactylus.
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Table1l. Uca tangeri. Data on the
morphometrics of chelipeds of Uca tangeri MCH: Master
Chela Height; MCHMA: Master Chela Mechanical
Advantage; CW: Carapace Width, BW: Body Weight;
TOCHW: Total Cheliped Weight: % RH: Right Handed;

% LH: Left Handed. All values are mean + SD. (Apart
from handedness data obtained from individuals below
25mm CW, all other data were obtained from sexually
matured crabs (> 35mm CW).

Morphometrics MALE FEMALE

MCH/CW 0.0722 £ 0.015 0.025 + 0.01

MCHMA 0.212 + 0.02 (Master chela)  0.082 + 0.020

TOCHW.BW 0.142 + 0.022 0.122 + 0.021

% RH 50.5 Because of their small and equal
% LH 49.5 sizes, the two chelipeds in

females are indistinguishable.

USE IN REPRODUCTION

Over 75% of the males in the 20 mating pairs of
Uca tangeri collected in the intertidal zone of the Bonny
estuary mud flat had master and small chelae which
were above mean size when compared with values
predicted by the regression equations, for the total male
population (Figs. 3a and 3b). Analysis of covariance

revealed that over the same size range significant
difference in the size of both chelae exist between the
mating male population and the total male population
(for master chelae F = 9.628, P < 0.005; for smaller
chelae F = 5.582, P > 0.025). Males found in the mating
pairs were not less than 40 mm CW.
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ENERGY MAINTENANCE COST

The mean metabolic rate for resting Uca tangeri
was 0.306 = 0.105 ml 0,g'h'. The rate was
independent of crab size (r=0.231, P > 0.1) for the
regression between specific oxygen uptake rate and

total body weight. The oxygen consumption rate could
be predicted from dry weight alone, irrespective of the
presence or absence of chelipeds or the proportion of
total body dry weight that can be attributed to the
cheliped (Fig. 4).
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Fig. 4: Uca tangeri. Relationship between oxygen consumption rate and total body dry weight at
26°C( ) represents normal in.viduals( ) represents individuals with@n chelipeds.

DISCUSSION AND CONCLUSION

The multi-functionality of enlarged chelae is
determined probably by a variety of selective forces (Lee
& Seed, 1992). In order to fully understand the evolution
of large size and structure, the fitness implication of all
important characteristics of such a multifunctional
structure is necessary. For most portunid crabs, studies
have shown that among the diversity and seasonality in
food items consumed, hard-body prey were often found
in the natural diet (Paul, 1981; Williams, 1982; Davidson
and Marsden, 1987). It therefore becomes questionable
whether the cheliped, which in some portunids (e.g
Carcinus maenas) account for greater than 30% of the
total body weight (Lee & Seed, 1992) evolved only in
response to the selection pressure for obtaining an
optimal diet consisting mostly of hard-bodies prey. In U.
tangeri, the cheliped can account for more than 35% of
the total body weight but the crab has a detritus-deposit
feeding habit, where minute sediments are picked up
with tips of the small chelae for sorting (Ewa-Oboho,
1993). This means that the enlarged master chela may
not serve feeding function in U. tangeri.

Values obtained from measurements of the
metabolic rates for U. tangeri chelipeds suggest that
these structures impose on higher maintenance cost
than other structures in the body, when oxygen uptake
rate was measured from dry tissue weight. A mean
oxygen uptake rate of 0.306 + 0.105ml Ozg'1h'1 in the
resting state was obtained. But since the chelipeds
make up to 35% of the total body weight in U. tangeri
appropriately the same proportion of energy is assumed
to be spent on their maintenance. In Liocarcinus
holsaitus however, enlarged chelipeds could result in
higher metabolic rates particularly during periods of
active swimming (Lee & Seed, 1992). This may explain
the negatively allometric relationship between cheliped
size and carapace width reported for swimming crabs
(Davison and Marsden, 1987).

The master chela in U. tangeri plays important
role in mating competition and sexual selection which
perhaps is one major driving force in the evolution of
large chelae (Stein, 1976). In his review of the visual
display in cheliped in brachyuran crabs, Wright (1968)
concluded that cheliped movements constitute a
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principal component in the  expression of
aggressiveness apart from its role in intraspecific
encounters (Warner, 1967; Ewa-Oboho, 2006).

The role of the cheliped in reproduction (mating)
is supported by the findings of the present study. In U.
tangeri courtship occurs at high densities in the Bonny
estuarine mudflats and this may lead to intense
competition among male and females. It was observed
that through fights and aggression, mating pairs were
formed. Only males which are strong enough to defend
the females can reproduce successfully. Fighting
behavior is therefore an effective intersexual selection
force. It is not surprising, therefore, that the chelae, as
the principal structure used for expression of
aggressiveness, is significantly larger in successful
males in the mating population. Besides, chelae in U.
tangeri are in general larger amongst males than
females. The growth patterns of the chelipeds also
provide strong evidence that the evolution of massive
chelae in Uca crabs is controlled by sexual selection.
Significant changes in the allometry of various
dimensions, including the chela, at sexual maturity was
also very obvious in Uca tangeri, suggestive of a sexual
function in this crab. The smaller chela in females could
be ascribed to the larger amount of energy invested in
the production of gemetes. Clutch sizes can be in the
order close to 106, (Warner, 1977).

That sexual selection is a major driving force
controlling sexual dimorphism in cheliped size is evident
from the markedly different roles of the two sizes of the
chelipeds seen during combat and display courtship,
where cheliped are the main organ of aggression in
inter-male conflicts (Hartnoll, 1978; Lee & Seed, 1992).
The maintenance of such a costly organ particularly
during non reproductive periods in males goes to
suggest that the size of the female chelae is close to the
energetic survival optimum. Using various chelae size
to body ratios, results of experiments shows the role of
chelae in agonistic interactions, such as competition for
food and shelter. Sinclair, 1977; 0’Neill & Cobb 1978;
Glass & Huntinford, 1998, suggested that the relative
size of individual crab was important in predicting the
outcome of a fight. They demonstrated that smaller
crabs could win the fights involving crabs of similar size.
Such deviation could be explained if the natural
variability in the chelal size to carapace width ratio is
taken into consideration.
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CAPTION ON FIGURES

Fig. 1: Uca tangeri. Diagram showing the various
morphometric features measured. Ht: chela;
height. P = pivot, a: distance from point of
attachment of closer apodeme © to pivot; b:
distance from pivot to tip of dactylus.

Fig. 2. Uca tangeri. Allometric relationship between
master chelal height and carapace width in (a)
male and (b) female crabs.

Fig. 3. Uca tangeri. Relationship between chelal size
and carapace width for mating male crab
compared with those for the total male
population (a) Master chelae, (b) smaller chelae.

Fig. 4: Uca tangeri .Relationship between oxygen
consumption rate and total body dry weight at
26°C; normal individuals; (0)  individuals
without chelipeds.






