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Abstract

The allometric analysis was used to study the nargtric variability in two different
populations of horseshoe craBacinoscorpius rotundicauda, Latreille) collected from
Setiu and Gelang Patah (Johor) of Peninsular Maay&lues of all parameters in male
and female populations of Setiu were recorded afglsompared to the horseshoe crab
collected from Gelang Patah. In all relationshimda( length, carapace length, carapace
width and telson length) either with normal valwgsvhen values were converted into
their logarithmic values, it showed a straight liméhich indicated that in both
populations the increment of all body parts folloveen isometric growth.
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I ntroduction

Morphometricsis an effective tool to study look similar in all species and cannot be
the variation and change in the form (sizalistinguished easily. But when data are
and shape) of organisms (Webster, 2007analysed statistically  of different
Morphometric  studies  describe  thepopulations inhabiting in several areas, a
guantitative measurement of different bodynarked difference could be observed in
parts specially useful for comparingtheir morphometric structures.

different living organisms. A significant Allometric studies describe
variation in the morphometric effectively the relationship between size and
characteristics of animals belonging to theshape of an animal (Christopher, 1996).
same population or genus has been reportédghalysis of allometric parameters in
by many workers (Chatterji, 1994). Thesenorphometric studies help in evaluating the
variations in morphological structures helpdifferences of various body measurements
in studying the classification andof a species inhabiting in different
identification of many species. The mainecosystems. It also provides important
morphological characteristics apparently  information regarding comparative growth
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of the various body parameter andof the horseshoe crabC. rotundicauda)
relationship between differences in oneollected from Setiu and Gelang Patah
body parameter to the other. The applicatiofohor) coastal areas on Peninsular Malaysia
of allometry was first described by Huxleyto  establish the  similarites and
and Tessier (1936) to calculate theissimilarities between these  two
population growth characteristics of manypopulations of different habitats. The
organisms. Since that time it has extensivelpresent study was also undertaken with an
been applied by many biologists to study thaim to examine how best the concept of
population diversity. Chattergt al. (1988) allometry fitted to this species in describing
suggested that the allometric relationship imorphometric diversity ofC. rotundicauda
horseshoe crab plays an important role ipopulations in Peninsular Malaysia
understanding the comparative
morphometric variation in the population. ItM aterials and methods
is a well known fact that the changes in th&tudy area
form of any body parts of an animal cannotive specimens of the horseshoe créb (
be judged without using adequate allometricotundicauda) migrating towards the shore
analysis. These parameters are howevdnr spawning, were collected along the
useful in comparison of carapace or shelastern coast of Peninsular Malaysia at
dimension of animals of known size withinSetiu (5°4260'N and 102°4®"E) and
a locality which is a primary concern ofalong the western coast at Gelang Patah
such a study (Chattergt al., 1988). The (Johor) (1°2¥"N and 103°333'E) (Fig.
morphometric  characters and  theirl).
allometric relationships to a large extent ar
influenced by the age, local environmente Sample collection
conditions and population density of theSamples were collected in two different
species (Hickman, 1979; Schaefer al., seasons (November, 2008 and June, 2009)
1985; Chatterjiet al., 1988). Additionally, with the help of local fishermen using a gill
the allometric relationship also providesnet of 25 m long, 6 m wide with mesh size
important information regarding of 10 mm. A total of 308 specimens of the
comparative growth of various bodyhorseshoe crabs ranging in size from 270 to
parameters of an individual. It is a well333 mm (males) and 241 to 389 mm
known fact that many aquatic animals(females) were collected from Setiu,
change their body proportions even shape Whereas 318 specimens ranging in size 229
they inhabit in different places. Phenotypido 323 mm (males) and 280 to 352 mm
plasticity of an animal to a large extent is(females) from Gelang Patah (Johor).
thus influenced by the environmental factorSpecimens were brought to the laboratory
(Danielset al., 1998). and kept in a Fibreglass Reinforced Plastics
In this study we have applied(FRP) tank of 5000 L capacity provided
allometric relationship to study thewith continuous circulation of seawater.
morphometric variability in two populations Immediately after transporting samples to
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the laboratory, different body measurementsarried out by the least square method.
of all specimens were recorded to 0.1 mnMeasurements of all characters were
accuracy with the help of a Vernierexpressed as percent of the total length.
Callipers as described by Chattegli al. Relationships of total length with different
(1988). parameters were expressed using regression
100 102 104 equation (Y= a+bX) where ‘a’ and ‘b’ were
o considered as additive and multiplying
T w || constants. All values were again converted
. into their logarithimic form and equation
1 Log Y= atb Log X was calculated
i, separately for each group and a straight line
was fitted to the scatter diagram using SPSS
11.5 version. To establish difference, if any,
between the regressions of log total length
. of the horseshoe crab with different body
parts of each group and correlation
coefficient was employed to evaluate the
significance level (Chattergt al., 1988).

Reaults
» The mean values of all measurements of
males and females collected from two

V\ﬁ £ different environments are given in table 1.
i b ¢ Tt )

' Measurements of all parameters in male and
100 102 104 . . .
Figure 1. Locations of the sampling sites: Setiu (1)femaIe populations of Setiu recorded high
and Gelang Patah, Johor (2) as compared to the horseshoe crab collected
from Gelang Patah (Johor) (Fig. 2). In Setiu
population of the horseshoe crab, the total

Allometric analysis lengths of males and females showed higher
Data collected for all measurements were

pooled according to the sex of specimen\éalues of 9.30 and 1.98%, respeciively as

and place from where they were collected (())mLE)I::iii ('I'tgb Segﬁilarlpa:zz ca(r\llog(():re)
for the allometric analysisThe total length bop -4 Y, p

of each specimen was considered as a baé,jé]gth’ carapace width and telson length

owed 2.65, 1.26 and 16.26% higher
of references for all other measurements . . .
Values in males of Setiu population as

(Chatterji, 1976). The allometric analysis of ompared to male specimens collected from

all parameters were analysed following th elang Patah (Johor). In female population

method as described by Chattedi al. of Setiu, the carapace length, carapace
(1988). A linear regression of various body idth and telson length were higher by 9.46,

measurements - against total length - w .90 and 13.34%, respectively as compared
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to the female population of Gelang Patalall relationships, the exponential constant
(Johor) (Fig. 4). values were ~1 indicating that the growth in
The regression analysis of differentall body parts of both populations followed
body measurements on total length ofn isometric growth pattern.
specimens of both environments with
correlation coefficient is tabulated in tableDiscussion
3. The relationship between total length an€hatterji et al. (1988) observed while
carapace width (0.468491) and total studying the length and weight relationship
length and telson length (0.587.90) were of C. rotundicauda that the application of
significant among males collected fromallometrics in horseshoe crab population
Setiu. However, the relationship betweerhelped in understanding the comparative
total length and telson length was highlymorphometric diversity of the species. This
significant (0.06396.96) in males of Johor. particular study also has given emphasis on
None of the relationship was foundcollection of data from specimens of the
significant in specimens of female of bothhorseshoe crab those were randomly
environments (Tab. 3). This showed that ircollected from respective areas (Setiu and
the population of horseshoe crab of SetiuJohor) for the application of morphometric
the carapace width and telson lengttanalysis. In the present study all specimens
increased proportionately at par with totakollected for morphometric study belonged
length in males whereas in Gelang Patato groups of brooders migrating towards
(Johor), the telson length only showed #&wo different coasts for spawning purposes.
proportionate increment. A detailed analysihatterji et al. (1988) stated that the
of all body measurements of bothallometric relationship between carapace
populations were carried out by applyingength and soft body parts provides a better
the regression equation (Tab. 3). In alunderstanding of the growth of a species. In
relationships either with normal values orthe present study, the total length of the
when values were converted into theihorseshoe crab was considered as a
logarithmic values, it showed a straight linereference for comparing relationships with
which indicated that in both populations, thelifferent body parts. Application of
increment of all body parts followed anallometry clearly showed significant
isometric growth. In males of Setiudissimilarities in the different body parts of
population, the relationship between totathe two populations from Setiu and Johor in
length and carapace width was significanthe present studyrelationships between the
(r’=0.91) (Tab. 3). Similarly in males of thetotal length-carapace length, total length-
same population, the total length and telsonarapace width and total length-telson
length showed a significant relationship=(r length were found linear as evident in the
0.90) (Tab. 3). However, in males collectedoresent study. These relationships suggest
from Gelang Patah (Johor), the total lengthhat all these three parameters constantly
and telson length relationship was found tancreased  proportionately. This  also
be highly significant G=0.96) (Tab. 3). In confirms a uniform growth pattern of these

207



T.C. Srijaya, P.J. Pradeep, S. Mithun, A. Hassaigshahoram and A. Chatterji /
Our Nature (2010) 8: 204-211

Table 1. Mean of the different body measurements with téigindard deviation

Parameters (mm) Setiu Johor

Male Females Males Females
Total length 306.96.41 313.080.52 277.316.89 306.845.92
Carapace length 139889 169.15.47 135.65.82 153.140.23
Carapace width 150.8:03 172.76.70 148.16.58 159.1¥.01
Telson length 177.9464 188.14.55 148.840.96 163.08.01

Table 2. Percent difference of various measurements ad epulation with Gelang Patah (Johor) population
% difference of parameters

Parameters (mm)

Males Females
Total length 9.30 1.98
Carapace length 2.65 9.46
Carapace width 1.26 7.90
Telson length 16.26 13.34

Table 3. Statistical analysis of different body measuremand their relationship with total length

Parameters Set'lu Jphor

RC () CC® S RC (b) CC (¥ S
Male
TL:CL 0.453 0.78 NS 0.299 0.75 NS
TL:CW 0.469 0.91 S 0.352 0.81 NS
TLTEL 0.557 0.90 S 0.639 0.96 S
Female
TL:CL 0.105 0.34 NS 0.516
TL:CW 0.121 0.30 NS 0.376 0.73 NS
TLTEL 0.080 0.10 NS 1.425 0.88 NS

RC= Regression Coefficient, CC= Correlation Coeffic, TL= Total length, CW= Carapace width, TEL=
Telson length, NS= Not significant, S= Significant.
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Figure 2. Percent difference of various parameters of $etpulation with Johor population.
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Figure 3. A comparison of different body parts in males extitd from two environments. TL= Total length,
CW= Carapace width, TEL= Telson length
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Figure 4. A comparison of different body parts in femaledected from two environments. TL= Total length,
CW= Carapace width, TEL= Telson length

three body dimensions with themuch work has so far been done on the
advancement of the growth ofC. allometric relationship of horseshoe crab
rotundicauda in both environments. collected from different environments.
It is surprising to note that except theHowever, it has been reported that the
preliminary work done by Chatergt al. ontogenetic changes in the relative growth
(1988) and Vijayakumaet al. (2000) not of different parts of males and females of
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the spider crabMaja squinado) are related The ratio of carapace width and total length
to their maturity stages which helps inin T. gigas has been reported to increase
defining criteria to assign for each growthwith the increase in the age of the horseshoe
phase (Sampedro and Gurriaran-Gonzalegrab which suggested that as the animal
2004). The discontinuous growth ofgrew older, they became wider and many
crustaceans also enables morphometric ddimnes, values of carapace width exceeded
to be used to separate sexually immaturéhan that of carapace length (Vijayakurgar
and mature animals. This is accomplishedl., 2000). The data analysed although
by noting any discontinuity to the size atduring this study was not of a greater
which sexual maturity is attained (Waynemagnitude however, it is still possible to
1990). infer that the allometric relationship among
In the present study, the allometricvarious parts of the body is functionally
relationships were almost linear in allimportant in the biology of the organism
parameters collected from two differentand particularly serve as a predictive tool
habitats which showed that the growth irfor ecological investigation€hanges in the
these parameters was isometric in botbody dimensions of theéC. rotundicauda
populations. However, in many aquaticpopulations from two different areas
animals, the ratio between different bodyndicate that the relationship could
parts with increasing total length does noindirectly be influenced by local
show a constant relative growth (Chatterjienvironmental conditions effecting
1976). In the male population of Setiu, thesignificantly on the growth of animals.
total length and telson length increased The  significant  difference in
more rapidly than the population of Gelangnorphometric characters of the horseshoe
Patah (Johor). Similarly, in females of Setiucrab between two different habitats strongly
the carapace length and telson lengteuggests that these specimens belong to two
increased more rapidly than females oflifferent independent stocks. The carapace
Gelang Patah (Johor). In both males andidths in the population of Siam Gulf
females populations of Setiu, a significan{Thailand), Bangladesh and Sunderbans
difference in these morphometric characterareas of West Bengal in India were reported
was observed which showed that though ito be 119+0.7; 133+£0.8 and 150+0.7 mm;
both sexes, the allometric relationship wasespectively as compared to the Malaysian
isometric but the pattern in growthhorseshoe crab population of Setiu
increment was different in the both sexes. (161+6.70) and Gelang Patah (153+7.01) as
In the present study, carapace widtheported by Chatterji (1994). These
and body length relationship showed alifferences in morphometric characters of
proportionate increment. A significant C. rotundicauda of different environments
relationship was observed between carapaceight be due to environmental effects of the
length and carapace width of the horseshdeabitat or it might be related with genetic
crab, C. rotundicauda by Chatterjiet al. effect (Krumholz and Cavanah, 1968). The
(1988) confirming the present observationpopulation of horseshoe crab reported so far
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are migrating for spawning along theChatterji A., R. Viyayakumar and A.H. Parulekar
eastern coasts in most of the countries. The iggfécterisig""thof t?}gd hor’:gsrf]ggme;gb
deeper zone along th'e eastern part seems to Carcinoscorpius  rotundicauda  (Latreille) ’
be the natural habitat of the horseshoe from Canning (West Bengal), Indi@ak. J.

which provides most suitable environmental Sci. Ind. Res. 31(5): 352-353.
conditions. Due to this, the growth incChristopher, G.S. 1996The satigtical theory of
different body parts is normal in Setiu shape. Springer. pp. 4.

population. However, the environmentalaniels, S.R., B.A. Stewart and M.J. Gibbons 1998.
conditions along the western coast seem to Genetic and morphometric variation in the
be unsuitable as compared to the eastern  Potamonautid river crab, Potamonautes

. . parvispina (Decapoda: Potamonautidae) from
coast of Malaysia that effected in some two Western Cape rivers, South Africa.

disturbances in  normal physiological Nat. Hist. 32 (8): 1245-1258.

fqnctlon causing slow grOWth_ rate  Of jickman, J.C. 1979.The basic biology of plant
different body parts ofC. rotundicauda. numbers. In Topics in plant population
There could be other reasons also which biology (Eds. QT. Solbrig, S.K. Jain, G.B.
need further detailed studies using Johnson  and -~ P.H. Raven). Columbia

appropriate molecular tools to find out the University Press, New York. pp. 232-263
exact cause of differential growths in theHuxIey, J.S. and G. Tessier 1936. Terminology of

. . relative growthNature 137: 780-781.
body parts in these two populations ©f 9 ,
rotundicauda. Krumholz, L.A. and H.S. Cavanah 1968. Comparative

morphometry of freshwater drum from two
Midwestern localities Trans. Am. Fish. Soc.
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