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Abstract

Horseshoe crabs, a group of aquatic chelicerate arthropods
belonging to the class Xiphosura, are often referred to as "living
fossils" due to their ancient evolutionary lineage and low rate of
morphological evolution over time. It plays a crucial role in the
ecosystem providing a vital source of food for migratory birds and
some fish species. Moreover, the blue blood in species is used to
detect and neutralize bacteria, making it a valuable tool in testing
medical equipment and vaccines. Of the four extant species of
horseshoe crabs, Tachypleus gigasMuller (1785) and Carcinoscorpius
rotundicauda Latreille (1802), are found along the northeast coast of
the Bay of Bengal in India. The occurrence, distribution, morphometric
characteristics, and breeding grounds of C. rotundicauda along the
Bhadrak coast of Odisha were studied using standard procedures. A
total of 218 individuals of C. rotundicauda were collected from four
sites located along the Bhadrak coast of Odisha: Chandanipal Creek,
Dosinga Creek, Udabali Island, and Chudamani Ghat. The average
total dorsal body length of female C. rotundicauda was measured to
be 33.74+4.52 cm (N = 102), whereas that of males was 29.39+2.31
cm (N = 83). In addition, numerous juvenile individuals were
discovered, with an average body length ranging from 20.3 cm to 6.2
cm. Several morphological features in both sexes of this species
exhibited a significant positive correlation (p<0.05). These
morphological features were strongly and positively associated,
indicating that changes in one feature were likely to be accompanied
by changes in the other. Our findings provide valuable insights into
the morphological characteristics of this species and could
potentially be used for future studies in areas such as taxonomy,
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population biology, and conservation management. Public
awareness campaigns and sustainable fishing practices can help in
the conservation of this species.

Keywords: Horseshoe crab, occurrence, morphometric analysis,
conservation

Introduction

Shoreline areas are known for their high species diversity and
productivity (Ray, 1991), and humans depend heavily on various
species that inhabit and reproduce in these zones, including
fish (Allison et al, 2009; Bell et al, 2009), sea cucumbers
(Purcell et al, 2013), and horseshoe crabs (Chatterji, 1994).
The horseshoe crab, a marine arthropod, has been able to
persist for over 200 million years with very little morphological
modification (Kin and Blazejowski, 2014; Souji, 2015). The world
is home to four species of horseshoe crabs, three of which are
found in the coastal waters of India, Southeast Asia, China,
and Japan: Carcinoscorpius rotundicauda (Latreille 1802),
Tachypleus gigas (Muller 1785), and T. tridentatus (Leach 1819).
The fourth species, Limulus polyphemus (Linnaeus 1758), is
exclusive to the coastal waters of the eastern continental
shelf of North America and the Gulf of Mexico (Sekiguchi
and Shuster, 2009).

Two species of horseshoe crabs, the triangle-tailed horseshoe
crab (T. gigas) and the round-tailed horseshoe crab
(C. rotundicauda), are found along the northeast coast of the
Bay of Bengal in India. T. gigastypically inhabits sandy to muddy

59

Original Article



R. Shaik et al.

habitats (Davidson et al, 2008; Shin et al, 2009; Biswal, 2019),
while C. rotundicaudais commonly found in muddy areas and
brackish waters (Chatterji and Abidi, 1993; Davidson et al,
2008). In some areas of India, T. gigas and C. rotundicauda
coexist (Chatterji, 1999; Mishra, 2009; Shaik et al, 2022).
Anthropogenic activities such as the commercial use of wild-
caught horseshoe crabs in medicine, where substances from
their haemolymph (Tachypleus Amoebocytes Lysate) are
used to test drugs, blood products, and pharmaceuticals,
have been linked to the global decline in horseshoe crab
populations (Levin et al, 2003; Pati et al, 2017; John et al, 2018;
Biswal, 2019). Several studies have extensively investigated
various aspects of Indian horseshoe crabs, especially T. gigas,
including their distribution, morphometric and allometry
analysis, spawning density, captive rearing, and medicinal
significance (Lazarus et al, 1990; Vijayakumar et al, 2000;
Sahu and Dey, 2013; Chatterji and Pati, 2014; Kumar et al,
2015; Biswal et al, 2016). However, limited research has been
conducted on the distribution and morphometric analysis of
C. rotundicauda in Odisha (Pati et al, 2015, Panda and Naik,
2017, Mohapatra et al, 2019, Pradhan et al, 2019), and only one
report from Bhadrak district is currently available (Shaik et al,
2022). The objective of this study was to collect and analyse
the morphometric parameters of C. rotundicauda populations
along the coast of Bhadrak district in Odisha. The present study
can aid in enhancing the conservation and management of the
local horseshoe crab populations and underscore their role
in preserving the ecosystem services of the coastal regions
in the Bhadrak district.

Material and methods
Study site

Bhadrak district is situated in the northeast part of Odisha
state, India, with coordinates of 20° 43'-21° 13' N and 86°
6'-87° E. It is surrounded by four other districts, namely
Balasore, Kendrapara, Jajpur, and Keonjhar, and a part of it
is bounded by the Bay of Bengal (Fig. 1). The district covers
an area of 2505 km?, which is 1.61% of the total land area of
the state and has a population of 1.507 million inhabitants
(3.59% of the state's population) as per the 2011 Census. Most
of the district's population lives in villages and is engaged
in agricultural practices. Due to its proximity to the Bay of
Bengal, the district experiences occasional thunderstorms
during the rainy season and dust storms in April and May.

Data collection
Permission for the collection of C. rotundicauda was obtained

from the Principal Chief Conservator of Forests (Wildlife)
and Chief Wildlife Warden, Bhubaneswar, Odisha, vide office
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Fig. 1. Map depicting the study sites located in Bhadrak district, Odisha, India

order number 3828/4WL-240/2013 dated 14" May 2014. The
investigation was conducted in four specific locations (Fig. 1)
of Bhadrak district: Chandanipal Creek (20.7879°N, 86.9595°
E), Dosinga Creek (20.8139° N, 86.9636° E), Udabali or Kanika
Island (20.8038° N, 87.0177° E), and Chudamani Ghat (21.1379°
N, 86.8074° E). The first three locations are situated in the
Dhamara coastal region, while the last one falls within the
Basudevpur coastal region. The authors conducted surveys
fortnightly at specific locations considering the tide and
lunar cycle (new moon and full moon days). These sites
were chosen based on reports from locals and fishermen
about horseshoe crab sightings and capture. Samples were
collected from the intertidal zone towards the south up to
2 km in Chandanipal and Dosinga Creeks. However, the
samples collected from Udabali Island covered a radius of
500 meters. In Chudamani Ghat, samples were collected from
one side of the Gamei riverbank. Live and dead horseshoe
crabs were collected using the handpicking method and
identified according to the method of Rao and Rao (1972).
Live horseshoe crabs were released back into the sea
after taking the necessary measurements. Interviews with
local informants were conducted using established and
standardized procedures as described by Martin (1995).
To identify the gender of horseshoe crabs, the presence
or absence of monodactylus at the first pair of pedipalps,
carapace shape, and gonophores were observed. The
environmental parameters, such as pH, temperature, and
salinity of the water at the survey sites, were measured
using a digital pH meter, thermometer, and refractometer,
respectively.

Morphometric measurements

The various body parameters of horseshoe crabs, which include
TBL (D) (Total Body Length, Dorsal), TBL (V) (Total Body Length,
Ventral), PL (Prosomal Length), OL (Opisthosomal Length),
TEL (Telson Length), PW (Prosomal Width), OW (Opisthosomal
Width), 10D (Interocular Distance), HIL (Hinge Length),
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Fig. 2. Shows the various body parameters of C. rotundicauda, including TBL (D)
for Total Body Length of Dorsal view, TBL (V) for Total Body Length of Ventral view,
PL for Prosomal Length, OL for Opisthosomal Length, TEL for Telson Length, PW for
Prosomal Width, OW for Opisthosomal Width, 10D for Interocular Distance, HIL for
Hinge Length, PSD for Prosomal Spine Distance, and ASD for Anal Spine Distance

PSD (Prosomal Spine Distance), and ASD (Anal Spine Distance)
was represented in Fig. 2. The measurements were taken
with a measurement tape to the nearest centimetre and were
conducted on a flat surface to minimize the occurrence of
parallax error. The data collected for all measurements were
grouped based on the species and sex of the specimens before
calculating the mean and standard deviation. Additionally, the
statistical significance of differences in mean morphometric
parameters between sexes and among specimens was
investigated. The relationship between different morphometric
parameters was determined through Pearson correlation
and regression analysis. MS Excel was used to conduct
allometry analysis (correlation and regression) on selected
body measurements of male and female specimens of
C. rotundicauda.

Abundance and morphometric variations of Horseshoe crab

Results

During the study, a total of 218 C. rotundicauda individuals
were collected from four sites. Eighteen males and 23 females
were collected from Chandanipal Creek, 26 males and 29
females from Dosinga Creek, 28 males and 35 females as
well as 33 juvenile individuals from Kanika Island and 11
males and 15 females were collected from Chudamani Ghat.
The various ecological parameters along with the number of
horseshoe crabs observed across all the sites were depicted
in Table 1. Most of the recorded horseshoe crabs were dead
specimens (60.4%).

The mean values and standard deviations of morphometric
data from 218 C. rotundicauda (66 live, 119 dead and 33
juveniles) were depicted in Table 2 (adults) and Table 3
(juveniles). Additionally, the total body length (dorsal) of
juveniles ranging from 6.2 cm to 20.3 cm were from Kanika
Island. Morphometric studies were conducted at four different
sites, considering various body parameters including TBL
(D) for total body length of dorsal, TBL (V) for total body
length of ventral, PL for prosomal length, OL for opisthosomal
length, TEL for telson length, PW for prosomal width, OW
for opisthosomal width, 10D for interocular distance, HIL for
hinge length, PSD for prosomal spine distance, and ASD
for anal spine distance. The mean values and standard
deviations were calculated for each parameter. The analysis
revealed a high correlation between several parameters in
both sexes. Specifically, in male C. rotundicauda, we found a
significant correlation between HIL vs PSD, TBL (V) vs ASD,
0D vs PSD, and OW vs TBL (D) (Fig. 3). Similarly, among
female C. rotundicauda, we also observed a significant
correlation between several body measurements, including
OW vs OL, OW vs I0OD, PSD vs ASD, and TEL vs PL (Fig. 4).
During sampling, the physical condition of live horseshoe
crabs was observed. Out of the 99 individuals caught, some

Table 1. Ecological parameters such as salinity, pH, temperature, and the counts of live and dead individuals of C. rotundicauda for both sexes (M and F), including juveniles (represented as J)

Survey site Environmental Parameters Sex Live Dead Total
Salinity (ppt) pH Temp. (°C)
, M 7 ] 18
Chandanipal Creek (20.7879° N, 86.9595° E) 325407 814011 34,2407
F 8 15 23
, M 12 14 26
Dosinga Creek (20.8139° N, 86.9636° E) 319+06 81+0.2 33.2405
F 14 15 29
M 6 22 28
Kanika Island (20.8038° N, 870177° E) 33.2+0.7 82401 34107 F 15 20 35
J 33 00 33
. 325406 81+0.2 324+05 M 2 9 n
Chudamani Ghat (21.1379° N, 86.8074° E)
F 2 13 15
Total 99 19 218

© Marine Biological Association of India
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Table 2. The mean and standard deviation of morphological characteristics of male and female individuals of C. rotundicauda collected from four distinct sites

Body Parameters in cm (Mean = Standard Deviation)

Location Sex N TBL(D) TBL(V) TEL PW PL ow oL 10D HIL PSD ASD
" 291 2743 14.89 1393 8.21 9.65 615 6.55 6.61 1.63 315
Chandanipal +213 +213 +1.38 +130 +110 +0.82 +0.70 +110 +141 +150 +040
Creek 2 33.86 3112 18.32 1723 10.87 1.6 72 769 7 12.72 35
+4.67 +354 +£212 +2.02 +154 +0.80 +0.81 +159 +183 +164 +0.56
29.23 2761 14.65 1349 8.3 942 616 6.61 6.56 1.57 3.09
Dosinga % +2.01 +2.21 +130 +135 +11 +099 +0.73 +11 +135 +151 +0.31
Creek . % 3398 3098 1754 16.51 10.75 11.36 731 768 781 12.76 3.61
+4,63 +3.61 +212 +2,01 +142 +0.80 +0.79 +160 +173 +170 +053
29.82 217 1491 13.89 8.25 944 6.2 6.62 6.66 11.61 314
Kanika 2 +218 +2.30 +141 +1.39 +115 +1.21 +0.75 B3Nl +150 +1.63 +042
Island % 33.87 3109 1766 16.51 10.71 14 1726 7 1735 1275 35
+4.39 +3.39 +2.07 +1.83 +132 +0.78 +0.83 +160 +1.82 +1.67 +053
" 2942 275 14.81 13.64 8.34 9.65 6.22 6.58 6.57 11.58 3.09
Chudamani +2.75 +2.22 +156 +1.33 +118 +1.36 +0.69 +114 +140 +1.55 +045
Ghat " 3325 3087 1816 16.74 10.81 .33 127 mn 779 12.74 36
+505 +342 +2.02 +2.00 +150 +093 +090 +161 +1.82 +166 +054
Table 3. Morphometric measurements (in cm) of juvenile C. rotundicauda of varying sizes at Kanika Island (N = 33)
Body Parameters TBL(D) TBL(V) TEL PL PW oL ow 10D HIL PSD ASD
Mean 12.74 11.98 6.25 391 6.22 261 483 297 318 563 167
EN) +357 +346 +2.21 +097 +145 +0.71 +11 +0.68 +0.78 +1.32 +0.34
14 y = 0.8545x + 5.7757 6
12 R = 0.79942 . y = 0.2399x - 3.2044
10 ./_.:/»./'i/( 5 [ = 042296
D 8 ) *
o ) R 3 :
%) ;
4 < 2 - .'
2 1
0 0
o 1 2 3 4, /5 6 7 89 5 10 15 20 25 30 3
TBL (V)
My = 0.8402x + 59053 oy S aor e 19152
12 [ = 07844 . 12 R™™ .
10 ; osz—% Y 10 /'{-é/
8 8 e
a =
2o O
4 4
2 2
0 0
0 1 2 3 4 5 6 7 8 9 5 10 15 20 25 30 35
10D TBL (D)

Fig. 3. Results of the regression analysis of different morphological parameters in male C. rotundicauda
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Fig. 4. Results of the regression analysis of different morphological parameters in female C. rotundicauda

L

Fig. 5. Shows C. rotundicauda (a) in their natural habitat, (b) a juvenile with
walking marks, (c) specimens collected for morphometric measurement, (d)
different sizes of juveniles, (e) deformities in prosoma, (f) broken telson, (g)
barnacles near the eye, (h) moulting carapace, and (i) released by the author
into natural habitat

were not physically intact, displaying deformed telson
and/or damaged carapace (7 individuals). In addition, nine
of the horseshoe crabs were found to be infested with
barnacles (Fig. 5).

© Marine Biological Association of India

Discussion

The study of morphometric characters is a valuable tool for
understanding the variation and changes in the size and shape
of organisms. Many researchers have reported significant
variations in the morphometric characteristics of animals
within the same population, such as Chatterji (1994), ltow et al.
(2004), Srijya et al. (2010) and Biswal (2019). Morphological
variations can be utilized to determine an individual's age and
sex. These findings suggest that these body measurements
are closely related and may have implications for the ecology,
behaviour, and evolution of this species. The study found
that the average body length of female C. rotundicauda was
33.74 cm (N =102), which was significantly greater than that
of the male (29.39 cm, N = 83). These findings are consistent
with those of previous studies on Indian horseshoe crabs,
including Chatterji et al. (1988), Vijaykumar et al. (2000), ltow
et al. (2004), Panda and Naik (2017), Pradhan et al. (2019), and
Shaik et al. (2022). The greater size of females compared to
males may be attributed to sexual dimorphism, where females
tend to be larger in many species of horseshoe crabs.

The analysis of various body measurements in C. rotundicauda
revealed a positive correlation between body length and
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several morphometric parameters. Specifically, an increase in
body length was found to be proportionate to the prosomal
length, opisthosomal length, telson length, prosomal width,
opisthosomal width, interocular distance, hinge length,
prosomal spine distance, anal spine distance, and other
morphological parameters. These findings suggest that
the size and proportion of different body parts are tightly
coordinated in this species, and changes in one body part
may influence the size and shape of other body parts. Further
research is needed to investigate the developmental and
functional mechanisms underlying these relationships and
their potential ecological and evolutionary implications in
C. rotundicauda. A previous study by Panda and Naik (2017)
on C. rotundicauda in the Bhitarkanika mangrove area of
Kendrapada district in Odisha reported a strong correlation
between total length and telson length, which is consistent
with our findings. However, it is important to note that
further research is needed to confirm this hypothesis and
to investigate potential changes in other aspects of their
biology and ecology over time.

Fishing nets used by local fishermen at Chudamani Ghat
caused significant mortality of horseshoe crab. Barnacles
encrusting on horseshoe crab carapaces were also observed,
indicating potential health issues that may increase mortality.
Barnacles can impair the function of horseshoe crab organs
such as eyes, gills, and appendages (Botton, 2009; Biswal,
2019). Many freshly died species C. rotundicauda were
observed during the survey. The cause of death could be
attributed to various human activities, such as the use of
fishing nets, motorboats, and trawlers, which are commonly
associated with fisheries and construction works along the
coastline (Behera et al, 2015). This significant mortality rate
raises concerns about the sustainability of the local horseshoe
crab population in the future.

Conclusion

This study can serve as a baseline for conservation efforts
for C. rotundicauda. Further research is needed to determine
the ecological and evolutionary implications in different sizes
and to determine the functional significance correlations of
this species. A wider survey on horseshoe crabs, along with
engagement with the local communities, is essential to foster
a harmonious relationship between human society and nature.

Acknowledgements
The authors express their gratitude to the Vice Chancellor

of Fakir Mohan University and the Principal of Chandbali
College for their valuable support in conducting this research.

64

References

Allison, E. H, A. L. Perry, M. C. Badjeck, W. N. Adger, K. Brown and D. Conway. 2009. Vulnerability
of national economies to the impacts of climate change on fisheries. Fish and Fisheries,
10:173-196.

Behera, S, B. Tripathy, K. Sivakumar, B. C. Choudhury and P. Bhadury. 2015. Distribution and
abundance of two sympatric species of horseshoe crabs along the Odisha Coast,
India. In: R. H. Carmichael, M. L. Botton, P. K. S Shin and S. G. Cheung (Eds.), Changing
Global Perspectives on Horseshoe Crab Biology, Conservation and Management.
Springer, p.181- 191,

Bell, J. D, M. Kronen, A. Vunisea, W. J. Nash, G. Keeble, A. Demmke, S. Pontifex and S.
Andrefouet. 2009. Planning the use of fish for food security in the Pacific. Mar. Policy,
33: 64-76.

Biswal, G. C. 2019. Studies on morphological and haemolymph biochemical parameters
of Tachypleus gigas of Odisha. Ph. D. thesis, Fakir Mohan University, Balasore.
p. 1-136.

Biswal, G. C, B. N. Andia, S. Pati and B. P. Dash. 2016. Conservation of Indian Horseshoe
Crab, Tachypleus gigas through Captive Rearing. In: R. K. Behera, E. Kariali and S. K.
Sahu. (Eds.), Frontiers in Life Sciences. Excel India Publishers, New Delhi, India, p.
179-182.

Botton, M. 2009. The ecological importance of horseshoe crabs in estuarine and coastal
communities: a review and speculative summary. In: T. J. Tanacredi, M. J. Botton and
D. R. Smith (Eds), Biology and Conservation of Horseshoe Crabs, Springer Science,
p. 45- 64,

Census of India. 2011. National Population Register & Socio Economic and Caste Census,
India 2011, Office of the Registrar General & Census Commissioner, India. Ministry of
Home Affairs, Government of India. https://censusindia.gov.in/nada/index.php/
catalog/42619

Chatterji, A. 1994, The Horseshoe Crab- A Living Fossil. Project Swaarajya Publication,
Orissa, India. p. 1-177.

Chatterji, A. 1999. New record of the sympatric distribution of two Asian species of the
horseshoe crab. Curr. Sci, 77 (6): 746-747,

Chatterji, A. and S. A. H. AbidiB. 1993. The Indian horseshoe crab-a living fossil. /. Indian
Ocean Stud, 1: 43-48.

Chatterji, A. and S. Pati. 2014, Allometric relationship in the adult population of the
Malaysian horseshoe crab (Tachypleus tridentatus; Leach). Int. J Res, 1(11):
1378-1385.

Chatterji, A, R. Vijayakumar and A. H. Parulekar. 1988. Growth and morphometric
characteristics in the horseshoe crab, Carcinoscorpius rotundicauda (Latreille) from
Canning (West Bengal), India. Pakistan J. Sci. Ind. Res, 31: 352-355.

Davidson, G. W. H, P. K. L. Ng and H. C. Ho. 2008. The Singapore red data book. Threatened
plants and animals of Singapore. Nature Society Singapore, Singapore, p. 1- 4.

Itow, T, J. K. Mishra and A. T. A. Ahmed. 2004. Horseshoe crabs (King crabs) in the Bay of
Bengal, South Asia. Bulletin of the Faculty of Education Shizuoka University Natural
Science Series 54: 13- 30.

John, B. A, B. R. Nelson, H. I. Sheikh, S. G. Cheung, Y. Wardiatno, B. P. Dash, K. Tsuchiya, Y.
Iwasaki and S. Pati. 2018. A review on fisheries and conservation status of Asian
horseshoe crabs. Biodivers. Conserv, 27: 3573-3598.

Kin, A. and B. Btazejowski. 2014. The horseshoe crab of the genus Limulus: living fossil or
orstabilomorph? PLoS ONE, 9: €108036.

Kumar, Vi, S. Roy, A. K. Sahoo, B. K. Behera and A. P. Sharma. 2015. Horseshoe crab and its
medicinal values. Int. J. Curr. Microbiol. App,, Sci, 4 (2): 956- 964.

Lazarus, S, P. Nammalwar, V. N. Pillai, P. Devadoss and G. Mohanraj. 1990. Occurrence of
King crab, Tachypleus gigas, (Muller) of the Northeast coast of India. In: K. J. Mathew
(Ed.) Proceedings of the first Workshop Scient Resul. FORV Sagar Sampada, Kochi,
India, 5- 7 June 1989, p. 393- 395.

Levin, J, H. D. Hochstein and T. J. Novitsky. 2003, “Clotting cells and Limulus Amebocyte
Lysate: An amazing analytical tool." In: C. N. Shuster, R. B. Barlow and H. J. Brockmann
(Eds.), The American Horseshoe Crab, Cambridge: Harvard University Press, p. 310-
340.

Martin, G. J. 1995. Ethnobotany: A Conservation Manual. Chapman and Hall, London. p.
1-268.

Mishra, J. K. 2009. Horseshoe crabs, their ecobiological status along the northeast Coast of
India and the necessity for ecological conservation. In: J. T. Tanacredi, M. L. Botton and
D. R. Smith (Eds.), Biology and Conservation of Horseshoe Crabs. Springer, New York,
p. 89- 96.

Mohapatra, S. D, N. C. Palei and S. Mishra. 2019, Morphometric characterisation of two species
of horseshoe crabs viz. C. rotundicauda Latreille and T. gigas Muller from Bhitarkanika
National Park, Odisha, India. e-planet 17 (1): 55-61.

Panda, S. and P. K. Naik. 2017 Morphometric Study of Horseshoe Crab (Carcinoscorpius
rotundicauda) in Odisha. /SS Journal of Surgery, 3 (2): 48- 53.

Pati, S, G. C. Biswal and B. P. Dash. 2015. Availability of Tachypleus gigas (Miiller) along the
river estuaries of Balasore district, Odisha, India. Int. /. Fish. Aquat. Stud, 2: 334- 336.

Journal of the Marine Biological Association of India Vol. 66, NoJ, Jan-Jun 2024



Pati, S, S. Tudu, A. S. Rajesh, G. C. Biswal, A. Chatterji, B. P. Dash and R. Samantaray. 2017
Manmade activities affected the breeding ground of horseshoe crab (Tachypleus
gigas) along Balasore coast: call for immediate conservation. e-Planet, 15: 145-154,

Purcell, S. W, A. Mercier, C. Conand, J. F. Hamel, M. V. Toral-Granda, A. Lovatelli and S.
Uthicke. 2013. Sea cucumber fisheries: global analysis of stocks, management
measures and drivers of overfishing. Fish and Fisheries, 14: 34-59,

Rao, K. V. R. and K. V. S. Rao. 1972. Studies on Indian king crabs (Arachnida, Xiphosura). Proc
Indian Nat. Sci. Acad. B, 38: 206- 211,

Ray, G. C. 1991, Coastal-zone biodiversity patterns. Bioscience, 41: 490-498.

Pradhan, S. D, N. C. Palei and S. Mishra. 2019. Morphometric characterisation of two species
of horseshoe crabs viz C. rotundicauda Latreille and T. gigas Muller from Bhitarkanika
National Park, Odisha, India. e-planet, 17 (1): 55-61.

Sahu, A. C. and L. Dey. 2013. Spawning density and morphometric characteristics of the
horseshoe crab Tachypleus gigas (Miiller) on the Balasore coast of Bay of Bengal,
India. Sci, Vis, 13: 76-84.

Sekiguchi, K. and C. N. Jr Shuster. 2009. Limits on the global distribution of horseshoe crab
(Limulacea): lessons learned from two lifetimes of observations: Asia and America.
In: J. T. Tanacredi, M. L. Botton and D. R. Smith (Eds.) Biology and Conservation of
Horseshoe Crabs. Springer, p. 5- 24.

© Marine Biological Association of India

Abundance and morphometric variations of Horseshoe crab

Shaik, R. S. Pati, S. Tudu, A. Pramanik, A. S. Rajesh, N. Mishra, G. C. Biswal, A. Chatterji and
B. P. Dash. 2022. Occurrence and morphometric analysis of horseshoe crabs along
Bhadrak coast of Odisha, India. In: ). T. Tanacredi, M. L. Botton, P. K. S. Shin, Y. Iwasaki,
S. G. Cheung, K. Y. Kwan and J. H. Mattei (Eds.), International Horseshoe Crab
Conservation and Research Efforts: 2007-2020. Springer, p. 203-214.

Shin, P, H. Y. Li and S. G. Cheung. 2009. Horseshoe crabs in Hong Kong: current population
status and human exploitation. In: J. T. Tanacredi, M. L. Botton, D. R. Smith and S. A.
Earle (Eds.), Biology and conservation of Horseshoe Crabs. Springer Science and
Business Media, p. 347-360.

Souji, M. 2015. The mystery of horseshoe crabs: the reason for their unchanging
morphology over 200 million years. Tokyo: Seibundo Shinkosha, p. 143.

Srijaya, T. C, P. J. Pradeep, F. M. Shaharom and A. Chatterji. 2010. A New Record on the
Morphometric Variations in the Populations of Horseshoe Crab (Carcinoscorpius
rotundicauda Latreille) Obtained from Two Different Ecological Habitats of Peninsular
Malaysia. Our Nature, 8: 204-211.

Vijayakumar, R, S. Das, A. Chatterji and A. H. Parulekar. 2000. Morphometric characteristics
inthe horseshoe crab Tachypleus gigas (Arthropoda: Merostomata). Indian J. Mar. Sci,
29: 333-335,

65



