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Laterality in Crustacea
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Enantiomorphic structures within a number of crustacean species have been examined as part
of an overall study of biological asymmetry. The carapace and limbs of many crustacean
members show bilateral symmetry. While a great majority of the pagurids are left-dominaant,
species like the very large crustacean, Pseudocarcinus gigas are strikingly right-dominant.
Data on (i) body measurements of 80 specimens of a freshwater shrimp, Macrobrachium
australe, gathered from Indonesia; (ii) handedness of 110 species of pagurids, recorded at
the Hamburg Museum, West Germany; and (iii) the size of left and right claws of the
coconut crab (Birgus latro) are presented. Out of 3,023 male fiddler crabs (Uca spp.) of
five species examined, only one species (U. vocans) was always right-handed, while in the
others, the lefts and rights are distributed equally. The significance of left- and
right-handedness in the American lobster (Homarus americanus), the Florida stone crab
(Menippe mercinaria), the pistol shrimp (Alpheus heterochely) and the burrowing shrimp
(Thalassina anomala) are discussed. These animals offer good examples to demonstrate
reversible or irreversible lateralities in crustacean species. In some of these species, a

right-left maturational gradient is operative.
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Introduction

The 'pagurids (crustacea) are known for the asymmetry
in the external form of their body. The chelepede and
walking legs on one half of the body are stouter and
longer than the corresponding ones on the opposite
side. Such an asymmetry is brought about because at an
carly stage they live in empty shells of gastropod
mollusks. Since the gastropod shells are always coiled,
the body of the pagurids using them as shelter also
becomes asymmetric to cope with the coiled shape of
the shell cavity. As the overwhelming majority of the
over 20,000 species of land snails and a large number
of marine shells are dextrally-coiled, the pagurids using
them have turned left-handed. Their left-claw as well as
the walking legs on the left half of body are larger and
longer compared to their counterpart limos.

A large number of pagurids are preserved at the
Zoological Museum, Hamburg, West Germany. The
author could record the handedness of 110 species in
1973. Bilateral symmetry in the size of claws of male
fiddler crabs (Uca sp.) was recorded by examining over
three thousand specimens of S species. The coconut

crab (Brigus latro) which starts life as a pagurid,
shows variation in the size of external organs between
halves of its body. The females, by possessing three
pairs of swimmerets on the left abdomen, have become
more asymmetric. Measurements were recorded on the
size of claws between halves of male as well as female
coconut crabs. Asymmetry of body form in the pistol
shrimp (Alpheus heterochalis), the Florida stone crab
(Menippe mercinaria), the popular American lobster
(Homarus americanus), the burrowing shrimp
(Thalassina anomala), the giant crab (Pseudocarcinus
gigas) and the world’s largest crab, the spider crab of
Japan (Kaempferia kaempferi) are briefly described.
Quantitative data on the asymmetrical chelepedes of an
Indonesian  freshwater  shrimp  (Macrobrachium
australe) are also presented.

Observations

The external form of the world’s largest crustacean, the
Japanese spider crab (Kaempferia kaempferi) (figure 1)
whose outstretched legs could measure up to 15 ft,
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looks more or less symmetric bilaterally. But the
second largest crab, the Australian Pseudocarcinus
gigas (figure 2) bears asymmetrical claws. The
measurements were recorded on this specimen
preserved at the Senkenberg Museum at Frankfurt
Main, West Germany:

Fresh weight of animal 13.5 kg
Length of larger right claw 39.8 cm
Length of left claw 22.0 cm
Maximum girth of right claw 340 cm
Maximum girth of left claw 21.0 cm

The walking legs on the right half are proportionately
longer and stouter than their counterparts. In the
female, the difference in the size between claws is
much less pronounced compared to that of a male. It is
interesting that all the P. gigas specimens the author
could observe in museums have their right claw larger
than the left. Among the pagurids and their
descendants, however, it is the left claw that is larger
than its counterpart.

Macrobrachium australe

Length of chelepedes: Three species of freshwater
shrimps, Macrobrachium australe, M. latimanus and
M. lepidactyloides are commonly found in North
Sulawesi (formerly part of Celebes) and in other
Provinces of Indonesia, thriving in shallow rivers,
riverlets and ditches that flow perennially from the
volcanic mountain slopes to the sea (Holthuis 1978).
The shrimps usually walk along the gravelly base of the
brooks or lie at vantage positions and hunt small fish
and other aquatic animals. The long chelepedes and the
hairy nature of the chelae help the animals hunt their
prey at ease. The two long chelepedes of a shrimp
usually differ in size, in some the left hand is longer
than the right hand and vice-versa. In yet others, the
hands are of uniform length. A search for live
specimens took me to some nearby villages from where
the author got some specimens representing three
species. A total of 80 complete specimens of
M. australe were examined and measurements were
made on the lengths of body and chelepedes.

The following measurements were recorded (tables
1-3):
(i) Length of body from tip of head-spine to end
of tail fins
(ii)) Maximum thickness of the body
(iii) Lengths of left and right chelepedes
(iv) Lengths of left and right chelae
The population was separated into three groups
depending upon the hand (chelepede) (a) the left hand
is longer than the right, (b) the right hand is longer
than the left, and (c) both hands of the same size.

Of the 80 animals, 33 were left-dominant, 37 right-
dominant and 10 were bilaterally symmetric. Figure 3
shows a right-dominant (R), a left-dominant (L) and
two symmetric shrimps (S). The length of Ileft
chelepede differs from that of right chelepede for each
group. But between the left- and right-dominant
populations, the percentage differences between the
longer chelepedes as well as between the larger chelae
do not differ significantly. Among the left-dominants,
the left chelepede is 1.431 times longer than their
rights, and among the right-dominants, the right hand is
1.426 times longer than their lefts. .Corresponding
values for chelae in the two groups of animals are
1.556 and 1.529.

As in many other crustacean species, regeneration of
legs and chelepedes is also possible in this species. Of
the two large specimens shown in figure 4, specimen A
has its right chelepede (one limp of this chela is
broken) longer than the left chelepede. But the right
chelepede of specimen B is abnormally shorter than the
left. The tender appearance of this limb further suggests
that the shorter chelepede is a regenerate. Also among
the 33 specimens in table 1, numbers 11, 23 and 33
appear to have regenerating shorter chelepede.

From data given in table 1, it is clear that the
maximum thickness of the animal increases with the
increase in its length. But the difference between
chelepedes of the same animal (so also between the
chelae of same individual) varies considerably between
individuals of different sizes. Sex also may be a factor
for this variation. Moreover, within animals of similar
length, the individuals display great variation in the
length of chelepedes and chelae as well as in the
differences between halves of the animals. In figure 3,
specimen R is smaller than S and not much larger than
L, but its chelepedes are much longer, one is just about
two-third the length of the other. It is unlikely that the
the two limbs of the claw. The way these animals lie
down on the pebbly base of flowing shallow waters,
stretching their hands and catching fish-fry could
suggest that the smaller hand acts as some sort of a net
to catch the prey which are picked up by the larger
hand and delivered to the mouth. These two species
resemble somewhat the American lobster by having
different functions for the different hands.

The Fiddler Crab (Uca sp.)

The male fiddler crab bears strikingly asymmetric claws
while in the females, both the claws are small and
symmetric. In some males, the left claw is five to
twenty times larger than the right claw, while in others,
the right claw is similarly much larger than its
counterpart. The weight of the single enlarged claw for
some species is more than the weight of the rest of the
animal. The two types of animals (figure 7) are
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Table 1 Macrobrachium australe: size of left-dominant Table 2 Macrobrachium  australe: size of  right-
individuals dominant individuals

Length Max. Length of chelepedes Length of chelae

f thick-
. t Ol
Le:tgth t};ldiz’l‘(- Length of chelepedes Length of chelae animals ness

(cm)  (cm) Left Right (L—R) Left Right (L—R)

animals ness
(cm) (cm)  Left Right (L—R) Left Right (L—R)

1. 52 1.0 30 33 -03 1.0 1.1 -0.1

2. 53 1.0 36 45 —-09 1.1 1.7 - 06
1. 46 09 66 30 36 31 1.1 20 3. 5.7 0.9 29 30 -01 07 08 —0.1
2. 48 09 58 34 24 21 10 1.1 4. 59 1.0 29 60 -3.1 1.1 22 —1.1
3. 52 1.0 41 26 15 16 08 038 5. 6.0 1.1 48 7.6 —28 15 29 — 14
4. 6.2 1.1 37 32 05 14 07 05 6. 60 1.2 42 65 —-23 17 27 -1.0
5. 6.7 1.1 80 50 30 27 15 1.2 7. 6.1 1.0 33 35 —-02 08 1.0 —-02
6. 68 1.3 9.1 57 34 32 18 14 8 63 1.1 36 55 —-19 1.3 23 —-1.0
7. 6.8 1.1 80 48 32 30 16 1.4 9. 63 1.1 33 44 - 11 1.1 1.6 —-05
8 70 1.1 64 46 18 24 14 10 10. 6.3 1.1 38 39 —-0.1 13 14 —-0.1
9. 7.1 1.1 114 73 41 48 27 2.1 11. 64 1.1 53 86 —33 17 31 -14
10. 7.2 1.4 74 50 24 31 18 13 12. 64 1.2 40 53 —-13 14 21 -07
1. 7.5 1.3 48 18 30 1.7 05 1.2 13. 6.4 1.1 46 73 -27 14 25 -1.1
12. 7.7 13 83 55 28 33 20 1.3 14. 6.4 1.2 39 55 —-16 1.4 20 -06
13. 7.7 1.5 11.8 7.8 40 38 3.0 0.8 15. 7.0 1.3 41 61 -20 14 25 —1.1
14. 7.8 1.4 68 47 21 25 1.7 0.8 16. 7.0 1.1 39 41 -02 1.1 1.2 -0.1
15. 80 1.2 130 86 44 56 32 24 17. 7.1 1.3 42 66 —-24 15 25 —-1.0
16. 8.0 1.8 123 83 40 52 31 21 18. 7.4 1.3 7.1 107 -36 25 44 - 109
17. 80 1.5 78 54 24 29 20 09 19. 7.4 1.3 53 80 -27 20 31 -1.1
18. 8.0 1.4 119 74 45 49 28 2.1 2. 7.5 1.4 46 73 -27 18 29 -—1.1
19. 82 14 94 66 28 38 24 14 21, 75 14 45 62 —17 1.8 26 - 0.8
20. 83 13 68 44 24 25 12 13 22. 7.6 1.1 66 106 —40 27 45 - 1.8
21, 84 1.4 7.1 50 21 27 16 1.1 23. 78 14 6.5 97 —-32 25 39 - 14
22. 85 1.4 57 55 02 21 21 — 24. 78 1.5 46 100 —54 16 35 - 19
23. 85 1.4 80 24 56 27 1.7 10 25. 7.8 1.4 45 72 -27 16 27 -1.1
24. 87 1.5 68 6.1 07 27 24 0.3 26. 7.8 1.5 38 60 -22 13 23 ~-1.0
25. 89 1.7 10.8 7.2 36 44 27 17 27. 1.8 1.2 6.5 122 —-57 25 51 -26
26. 9.0 1.4 62 6.1 0.1 24 23 0.1 28. 7.8 1.3 6.6 89 —-23 25 36 - 1.1
27. 92 1.6 82 80 02 35 33 02 29. 79 1.3 59 84 -25 24 35 - 11
28. 96 1.7 79 74 05 34 30 04 30. 8.0 1.3 60 86 —26 22 36 —14
29. 98 1.6 85 62 23 38 26 12 31. 8.1 1.4 65 95 —-30 25 40 -15
30. 100 1.6 99 92 07 41 34 0.7 32. 85 1.3 44 63 -19 I8 26 -0.8
31. 104 1.4 65 60 05 25 13 1.2 33, 8.8 1.7 6.1 66 ~05 23 24 —0.1
32.11.3 2.0 123 114 09 46 43 03 34, 88 1.5 69 73 —-04 24 25 -0.1

33, 12.5 2.3 164 85 79 175 35 4.0 35. 8.8 1.6 95 144 -49 36 58 —22
36. 11.1 1.9 9.4 10.1 0.7 34 3.6 0.2
37. 11.4 1.8 83 99 -—-16 32 40 - 038

1
|

Mean 8.073 1.397 8.415 5.882 2.533 3.333 2.142 1.191

Mean 7.3351.281 5.108 7.286— 2.1781.84]1 2.816— 0.976
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distributed equally in large populations. All the 62
known species of Uca are reported to exhibit such
enantiomorphism among the males (Crane 1975).
However, in a population of Uca vocans from Kerala
and Bombay, all the males were found to be
right-dominants  (Altevogt & Davis 1979). As
heterc-chely in Uca annulipes and perhaps in other
species begins only in the third crab stage (Feest 1969),
the situation in Uca vocans shows a maturation
gradient favouring the right.

In 1976, we examined several fiddler crabs at Madras
as well as in Kerala and determined the asymmetry of
the claws in the male. A total of 3,023 males
comprising 5 species could be recorded (table 4).

Table 3 Macrobrachium
symmetric ones

australe: size of bilaterally

Length Max. Length of chelepedes Length of chelae
of thick-
animals ness
(cm) (cm)  Left Right (L—R) Left Right (L—R)
1. 4.7 0.8 28 28 ~— 07 07 —
2. 5.0 0.9 26 26 — 07 07 —
3. 5.2 1.0 30 30 — 06 06 —
4. 5.7 1.0 30 30 — 08 09 0.1
5. 64 1.1 38 38 — 13 1.3 —
6. 6.8 1.2 32 32 — 09 09 —
7. 1.3 1.4 45 45 — 20 1.8 0.2
8. 8.7 1.5 55 55 — 1.5 1.5 —
9. 9.2 1.5 57 57 — 22 21 0.1
10. 11.2 1.9 10.8 108 — 48 48 —
Mean 7.02 123 449 449 — 155 1.53 0.02

Table 4 Uca sp.—Asymmetry of claws of the males

Species Left Right Total
dominants  dominants

Uca annulipes 1339 1328 2667

Uca lactea 71 59 130

Uca tangeri* 47 77 124

Uca triangularis 16 10 26

Uca vocans — 76 76
Total 1473 1550 3023

* Specimens preserved at the Zoological Institute, University
of Munster, Munster, West Germany

48.73% of the population are left-handeds, and this
group does not significantly differ from the
right-handeds statistically.

The male fiddlers, apart from being larger than the
females, are very colourful especially during the
breeding season. They are seen constantly waving with
their enlarged claw to mark a territory and to warn
other competitive males encroaching his territory.
Waving the larger claw is also used to entice a female
(Altevogt 1959). It is not known whether the females,
which are symmetric-clawed, would prefer a
left-handed male as her mate over a right-hander, or
vice versa.

The claws as well as the other walking legs are
capable of regeneration when they get damaged. With
the males, another interesting laterality has been
reported. That is, when the large claw is amputated, the
smaller counterpart claw would enlarge suddenly during
the next molt and attain the large size of the lost claw.
But the regenerating appendage will remain very small,
indicating a heteromorphic regeneration. The laterality
here operates along only one direction because if the
smaller claw is removed where the larger claw is intact,
the regenerate would grow only to the size of the
original smaller claw. Also when both the claws are
amputated simultaneously, the regenerates will be true
to the original condition.

The American lobster (Homarus americanus)

The American lobster, commonly found in the region
extending from Newfoundland to New York, may
weigh up to 11.3 kg and measure 965 cm. Exceptional
ones as the one kept in Boston Museum of Science was
reported weighing up to 20.4 kg. Its chelae are clearly

variation is contributed by damage at an early stage of
a chelepede. Bilaterally symmetric animals in the
samples accounted for only 12.5%.

In an individual bearing mature chelepedes that are of
unequal lengths, if one or both the appendages are
removed, we have no information as to what would be
the size of the regenerates Studies with other
crustacéans such as the American lobster, fiddler crab,
Florida stone crab and the coconut crab have yielded
interesting results which are briefly reported at
appropriate places.

With Macrobrachium australe, particularly the ones
having asymmetric chelepedes, it is not known whether
one claw performs functions different from those of the
other claw as in Homarus americanus, the pistol
shrimp and to a lesser extent, in Birgus latro, Uca sp.
or the burrowing shrimp. In figure 5, the pincers of
Macrobrachium latimanus (L) and M. lepidactyloides
(R) are seen. The chelepedes of each animal are of
different lengths. The smaller chelepede of each animal
is provided with dense long hairy outgrowths between
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Figure 1 Japanese spider crab (Kaempferia kaempferi), the world’s largest crustacean preserved at the Senkenberg
Museum, Frankfurt Main

Figure 2 Australian giant crab, Pseudocarcinus gigas. Its right claw is much larger than the left
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Figore 3 Macrobrachium australe. R, shrimp bearing a Figure 4 Right-dominant and a lefi-dominant M. australe.

longer right hand; L, animal with longer left hand; S, Shorter hand of animal on the right is a young regenerate
shrimps bearing symmetric hands "‘

. Figure 6 Uca sp. L, its left claw is several times larger than
Figure 5 L, pincers of Macrobrachium latimanus; R, M. the right claw: R, right dominant crab whose right claw is
lepidactyloides. Note the hairy outgrowths between fingers much larger



asymmetric not only in form, but also in function. The
larger claw is known as the crusher as it has strong
dentition, and is used for crushing the prey, especially
the hard-shelled ones. The other chela is narrower and
beset with less pronounced dentition. This claw
functions like ordinary pincer which extracts the edible
parts from the crushed animals (Templeman 1940). It is
inexplicable how in some individuals of this species,
the left claw develops into the crusher and the right
claw into the pincer, while in other individuals, there is
a reverse order (right claw becomes crusher and left
claw the pincer). The two enantiomorphic patterns are
shown in figure 7. :

In any large population, the distribution of
individuals having pinching (or crushing) claws being
left- or right-handed is 50 : 50 (Dexter 1965). As in
fiddler crabs, the claws are symmetrical during early
larval stages, but after the fourth moult, one of the
claws of the young lobster enlarges and differentiates
into a crusher while the other one remains a pincher.
No convincing explanation for the random distribution
of left-clawed and right-clawed individuals is available.

It has been established that when the pincer claw is
removed, only a pincer regenerates. Similarly. a
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crusher develops when a crusher claw is nipped off.
Moreover, when both the chelae are simultaneously
amputated, the original symmetry is not reversed
(Emmel] 1907 a,b). Herrick (1907) was alsoc of the
opinion that the symmetry of lobster claws wa-
inherited rather than regenerated unlike.in cases where
one type is replaced by the other. Howecver, Dexter
(1965) writes, “It is still not ccrtain whether
symmetrical claws are the result of inheritance or
regeneration of the opposite type following injury in an
early larval stage”.

Exceptional specimens of Homarus americanus with
two similar crushers or two pincers have been reported
by Calman (1906). Herrick (1907) and Dexter (1965).
Herrick found only three such cases in a sample of over
2,400 lobsters, and Emmel (1970a) saw only eone in a
sample of some 600. Among symmetric claws,
presence of two pinching claws is more common
compared to those bearing two crushing claws.
Recently, Govind and Pearce (1986) reared about 200
young lobsters to study how the asymmetry in the claws
is brought about. In this population, 99 had paired
claws (crusher-cutter/pincher) while 100 had both as
cutter claws (Long et al. 1978).

lfigure 7 Chelepedes and heads of two American lobster. The lobster on the left has the crushing claw on the left
side and pincer on the right. In the right, the morphology of the claws is reversed
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The Coconut Robber Crab (Birgus latro)

The coconut crab starts life as a larva with a bilaterally
symmetric body (Reese 1968). The young crab adopts a
gastropod shell, like other pagurids, for its survival on
land. As the great majority of shells available are
dextrally coiled, the body of Birgus takes the form of
the shell cavity and turns asymmetric; its left half,
especially the claw and walking legs, are conspicuously
larger than those on the right half. The crab grows to
an enormous size (males, which are heavier than the
females, weigh up to 5 kg), and when suitable shells
are no longer available, it abandons shell-life. Even
thereafter, the symmetry of the body is not restored.
The size differences between the left and right pincers
(figure 8) of adult Birgus are given in table 5.

One of the causes for the great variation in pincer
size between males and females is that in females there
are three pairs of swimmerets developing on the left
margin of the abdomen (figure 9). These extra
appendages help the females to balance themselves,
especially while swimming, as they have to move to the
sea approximately once every year to spread the
egg-mass. At the same time these extra appendages are

not obstacles to climbing a palm (figure 10) as the
abdomen is held in a folded condition while climbing.
The maturational gradient in Birgus favours the left,
and such a laterality is irreversible. No right-dominant
individual has been recorded in nature and no young
Birgus has been induced to accept a sinistrally-coiled
shell. Of the over 300 adult specimens examined in
South Sentinel Island (Andamans) during our 1973 and
1974 expeditions (Altevogt & Davis 1975, Davis &
Altevogt 1978) only two adult females were observed to
carry a larger claw on the right side. These were
measured, and the mean girth of the left claw was
7.05 cm, while that of the right one was 9.50 cm. It
was easy to make out that the smaller left claw was in
the process of regeneration. Thus, the suppression of
the dominant claw had no effect on the right claw,
since the mean size did not exceed that of the right
claw of specimens where both claws were intact
(table 5). Observations made on a few other specimens
in the field and in museums made it clear that in
females as well as males the regenerating claws develop
only to their type. In this respect Birgus differs from
Alpheus hetrochelis in its unidirectional regeneration.

Figure 8 Claws of male Birgus latro. The larger one (on the right) is the left claw



Table 5§ Birgus latro: Data on the size of chelepedes and manus (cm)
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Left claw Right claw
Sex manus manus
length girth width length width length girth width length width
Male
1. 11.50 18.50 8.50 7.00 3.80 8.50 13.50 6.50 5.40 3.00
2. 10.70 14.50 6.30 _— — 6.00 13.30 530 — —
3. 12.70 16.60 6.50 8.20 3.20 9.20 14.70 .5.90 6.00 2.80
4. 7.80 13.00 5.00 4.80 2.60 6.30 9.80 4.00 4.20 2.30
5. 12.50 15.70 6.40 7.40 3.00 8.50 12.40 5.50 5.40 2.30
6. 12.00 17.00 6.70 7.00 3.30 8.00 13.40 5.50 5.50 2.40
Mean 11.20 15.89 6.57 6.88 3.18 7.75 12.85 5.45 5.30 2.56
Female
1. 8.00 11.80 5.00 4.80 2.20 6.20 9.80 3.70 4.30 1.80
2. 8.20 13.70 6.00 5.00 2.50 6.60 10.40 $.00 4.00 2.20
3. 7.50 13.00 5.20 5.00 2.60 6.00 9.60 3.90 4.00 2.30
4. 8.50 12.80 5.00 5.60 3.00 6.50 8.50 3.40 3.80 2.00
S. 8.30 14.50 5.50 4.70 3.00 7.00 11.20 4.40 4.20 2.20
Mean 8.10 13.16 5.32 5.02 2.66 6.46 9.90 4.08 4.06 2.10
Mean for
11 crabs 9.79 14.64 6.01 5.41 2.65 7.16 11.51 4.83 4.25 2.12
Female
6. 4.50 6.50 2.80 3.00 1.30 6.00 9.00 3.60 4.00 1.70
7. 4.70 7.60 2.80 3.00 1.50 6.30 10.00 3.60 3.40 1.80
Mean 4.60 7.05 2.80 3.00 1.40 6.15 9.50 3.60 3.70 1.75
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Figure 9 Female (left) and male Birgus latro. From left margin of abdomen in the female, 3 pairs of swimmerets grow

Figere 10 Birgus latro, while climbing a palm, holds its Figare 11 Mud shrimp (Thalassina anomala) possessing
abdomen folded inward larger right claw



Birgus exhibits a functional laterality as well. The
left, stronger claw is used for carrying or dragging a
heavy fcod source, breaking hard materials, splitting
open the shell of a coconut, combating an adversary, or
steadying an already split coconut for scraping the
meat. The right claw performs more delicate and
intricate functions like scraping the meat from a
coconut shell, scooping out soft portions of fruits,
puliing out meat from within the harder portions of
dead crabs, and similar activities that require more
skili. Is the handedness in Birgus associated with
nervous system lateralization?

Pagurid Species Preserved at Hamburg

The handedness of 110 pagurids was recorded. No
specimen was found to possess bilaterally symmetric
appendages. With the exception of just 5 species under
Petrochirus, all the others are left-dominant whose left
claw as well as the walking legs on the left half are
longer and larger than the ones on the right half of
body. The list of species (left handed 105, and
right-handed 5) is given in table 6. Because of the
adoption of gastropod shell by the pagurids, their body
has taken the form of the interior of the shell. Thus, the
body in a great majority of cases has turned
left-dominant. But it is not clear how the five species
of Petrochirus have become right handed. Among
gastropod mollusks, some genera like Amphidromus,
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Achantinella, Partula and Pyrula include many
species that show the two kinds of shell-coiling. Within
the species, some individuals have left-coiling of shell
and the rest, right-coiling. In a few species (Busycon
and Pseudopentula), only sinistral-coiled shells are
found. Therefore, some pagurids may make use of only
the dextral-coiled shells as their abode from early stage.
This could have resulted in a reversed body form. If so,
these pagurids could only co-exist with dextral-coiled
mollusk species. Qur knowledge is limited on the
capacity of the right-dominant pagurids to use sinistral
shells.

The Mud Shrimp (Thalassina anomala)

The mud shrimp (Thalassina anomala), prevalent in
many parts of South Asia, is another crustacean that
shows asymmetry in the form of chelepedes. Some
individuals as the one shown in figure 11, are
right-dominant. In others, the left claw is much larger
than its counterpart. I have seen several such shrimps in
the swampy reclaimed areas of Sumatra. Some of the
larger ones measuring up to 25 cm long possess very
impressive dominant claw which is about 10 times
larger than the smaller pincer. It is not known whether
the laterality in this species can be reversed by
amputating the larger claw. If so, whether the
regenerate will grow to the size of the original claw, or
will it remain equal to the size of the intact one.

Figure 12 Florida stone crab (Menippe mercinaria). Right claw of this male crab is larger than its counterpart
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Table 6 Pagurids examined at the Zoological Museum,
Hamburg (October, 1973)

(a) Species with larger Left claw

Anapagurus bicorniger
A. laevis
Aniculus aniculus

D. simitripes
D. venosus

Diogenes brevirostris

A. typicus Di. edwardsii
Calcinus elegans Di. pugilator
C. herbstii Di. sansibar
C. latens : Di. varians
C. nitidus Eupagurus acadianus
C. obscurus E. anachoretus
C. ornatus E. angulatus
C. tibicen E. barbigera
Cancellus parfaiti E. bernhardus
Cestopagurus contieri E. crlstatus.
Clibanarius aegnabilis E. cuanensis
Cl. africanus E. excavatus
Cl. antillensis E. hirtimanus
Cl. barbatus E. meticulosus
Cl. brasiliensis E. middendorfii
Cl. carnifex E. nova-zealandiae
CL cooki E. prideauxii
Cl. eruthropus E. pubescens
Cl. humilis E. sculptimanus
Cl. infraspinatus E. similimanus
Cl. japonicus E. traversi

E. variabilis

Cl. longitarsus

Cl. misanthropus Gryllopagurus lithodonus

Cl. obesomanus Paguristes grayi

Cl. panamensis P. hispidus

Cl. rouxii P. hirtus

Cl. sclopetarius P. oculatus

Cl. senegalensis P. tomentosus
Cl. signatres P. weddelli

Cl. speciosus Pagurus anachoretus
Cl. striolatus Pa. arrosor

Cl. symmetricus Pa. beringamus
Cl. raeniatus Pa. bimaculatus
CL. virescens Pa. callidus

Cl. vinatus Pa. chilensis
Cl. zebra Pa. defensus
Dardanus bahamensis Pa. depressus
D. californiensis Pa. déformis
D. callidus Pa. edwardsii

Pa. enopsis Pa. saussure
Pa. forceps Pa. varipes
Pa. gaudichaudii Pa. villosus

Pa. gemmatus Parapagurus andersoni
Pa. guttatus Par. brevimana

Pa. hirsutiusculus Par. dimorphus

Pa. insignis Par. pilosimanus

Pa. ochotensis
Pylopagurus ungulatus

Pa. perlatus o

Pa. prideauxi piropagurus elegans

Pa. punctulatus Trizopagurus strigatus

(B) Species with larger Right claw:

Petrochirus caritarius P. pustulatus

P. diogenes P. bahamensis

P. granulatus

Florida Stone Crab (Menippe mercinaria)

Heteromorphic regeneration is also noticed in the
Florida stone crab (figure 12) because the regenerate
grows different from the original. Goss (1969) mentions
that this crab is being ‘framed’ to harvest periodically
its claws, especially the larger one, for the edible meat
they possess. He writes that fishermen in Sarasota Bay
catch adult crabs, break off the larger claw and release
the crab devoid of a claw back into the waters. In the
course of the next year, the lost claw is regenerated
when they can be harvested again for a claw. Goss
writes that it is the opposite chela that enlarges into the
larger chela during the next molt and the new
regenerate remains relatively small. Such a laterality is
somewhat similar to that of Homarus americanus or of
Crangon, the pistol crab.

The Pistol
heterochelis)

The pistol shrimp (or pistol crab) is another example
for asymmetrical chelae similar to that of the Florida
stone crab. One of its chelae is very large and
hammer-like with which it makes loud clicking noise,
the other one is very small. According to Goss (1969),
in pistol shrimp also, when the large chela is
amputated, what was originally the smaller chela
transforms into the larger type of claw while the larger
one that was amputated grows back small. Two shrimps
displaying both the kinds of asymmetry are seen in
figure 13. The reversal works only along one direction.
Removal of the smaller chela does not affect the
contralateral larger one during subsequent molts. That
is, amputation of the larger claw alone leads to a
reversal. When both the chelae are removed
simultaneously, each of them regenerates according to
type. The situation here is exactly similar to that of the
male fiddler crab.

Shrimp  (Crangon or  Alpheus
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Figure 13 Pistol shrimp (Crangon or Alpheus sp.). A, normal individual showing
enlarged right chela. B, animal having enlarged left chela (after Richard J Goss 1969)

Discussion

In all the known species of Uca, the adult males bear
asymmetrical claws. Approximately 50% of the males
of each species possess larger left claw, while the rest
have larger right claw (table 4). The only exception to
this rule was reported on U. vocans by Altevogt and
Davis (1979) where all the males were found to possess
larger right hand. Yamaguchi (1984) has an explanation
for this departure from the usual situation. He provided
further data from Japan in support of the above
situation with U. vocans. Of the 737 adult males, 714
had the large chelipede on the right, and only 21 were
left-handed (2 possessed symmetrical small claws as in
-females). In addition, Yamaguchi found in two
European museums 241 male crabs out of 251 as
right-handed (9 were left-handed and one symmetric).
Thus, the dominance of right-handedness in U. vocans
seems universal and genetical. On a large population of
young U. vocans at the stage of bearing symmetrical
chelepedes, Yamaguchi removed their right claw.
Eighty-seven of the 95 surviving males developed a
left-handed large chelepede, and only 5 crabs were
right-handed (3 continued to be symmetrical). In
another set of 120 young crabs, both the chelepedes

were pulled out. Of the 31 survivals, 21 bore only 2
small chelepedes each and 10 became right-handed.
Thus, the handedness is not controlled genetically. It is
curious that in U. vocans, the young males drop off
their left chelepede. Because of this inequality, most of
the males develop right-handed asymmetry. The cause
for shedding the left claw at an early stage is not
known. Can it be genetical?

Also with the American lobster, Govind and Pearce
(1986) have given an explanation for the factors that
control the development of crushing or pinching claws.
According to them, “The paired claws and closer
muscles of Homarus americanus are identical in the
early juvenile stages, but subsequently differentiate into
a stout crusher claw with only slow fibres and a slender
cutter with largely fast fibres. Rearing with different
substrates or exercise of the claws revealed that claw
laterality is determined in the central nervous system by
differential reflex activity in the paired claws; the side
with greater activity becomes the crusher, while the
contralateral side becomes the cutter. The laterality on
the morphology of antlers resulting from amputation of
a bit of hind limp of deer, Cervus unicolor (Davis
1978) has relevance to the problem with the Homarus
americanus and Uca vocans.
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