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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 gigas Muller (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.
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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. gigas typically inhabits sandy to muddy 
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habitats (Davidson et al., 2008; Shin et al., 2009; Biswal, 2019), 
while C. rotundicauda is 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 km2, 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 

order number 3828/4WL-240/2013 dated 14th 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), IOD (Interocular Distance), HIL (Hinge Length),  

Fig. 1. Map depicting the study sites located in Bhadrak district, Odisha, India
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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, IOD 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, 
IOD 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 IOD, 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 

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, IOD for Interocular Distance, HIL for 
Hinge Length, PSD for Prosomal Spine Distance, and ASD for Anal Spine Distance

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. (oC)

Chandanipal Creek (20.7879° N, 86.9595° E) 32.5±0.7 8.1±0.1 34.2±0.7
M 7 11 18

F 8 15 23

Dosinga Creek (20.8139° N, 86.9636° E) 31.9±0.6 8.1±0.2 33.2±0.5
M 12 14 26

F 14 15 29

Kanika Island (20.8038° N, 87.0177° E) 33.2±0.7 8.2±0.1 34.1±0.7
M 6 22 28

F 15 20 35

J 33 00 33

Chudamani Ghat (21.1379° N, 86.8074° E)
32.5±0.6 8.1±0.2 32.4±0.5 M 2 9 11

F 2 13 15

Total 99 119 218

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.
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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

Location Sex N
Body Parameters in cm (Mean ± Standard Deviation)

TBL(D) TBL(V) TEL PW PL OW OL IOD HIL PSD ASD

Chandanipal
Creek

M 18
29.11
±2.13

27.43
±2.13

14.89
±1.38

13.93
±1.30

8.21
±1.10

9.65
±0.82

6.15
±0.70

6.55
±1.10

6.61
±1.41

11.63
±1.50

3.15
±0.40

F 23
33.86
±4.67

31.12
±3.54

18.32
±2.12

17.23
±2.02

10.87
±1.54

11.6
±0.80

7.2
±0.81

7.69
±1.59

7.7
±1.83

12.72
±1.64

3.5
±0.56

Dosinga
Creek

M 26
29.23
±2.01

27.61
±2.21

14.65
±1.30

13.49
±1.35

8.3
±1.11

9.42
±0.99

6.16
±0.73

6.61
±1.11

6.56
±1.35

11.57
±1.51

3.09
±0.31

F 29
33.98
±4.63

30.98
±3.61

17.54
±2.12

16.51
±2.01

10.75
±1.42

11.36
±0.80

7.31
±0.79

7.68
±1.60

7.81
±1.73

12.76
±1.70

3.61
±0.53

Kanika
Island

M 28
29.82
±2.18

27.7
±2.30

14.91
±1.41

13.89
±1.39

8.25
±1.15

9.44
±1.21

6.2
±0.75

6.62
±1.11

6.66
±1.50

11.61
±1.63

3.14
±0.42

F 35
33.87
±4.39

31.09
±3.39

17.66
±2.07

16.51
±1.83

10.71
±1.32

11.4
±0.78

7.26
±0.83

7.7
±1.60

7.735
±1.82

12.75
±1.67

3.5
±0.53

Chudamani
Ghat

M 11
29.42
±2.75

27.5
±2.22

14.81
±1.56

13.64
±1.33

8.34
±1.18

9.65
±1.36

6.22
±0.69

6.58
±1.14

6.57
±1.40

11.58
±1.55

3.09
±0.45

F 15
33.25
±5.05

30.87
±3.42

18.16
±2.02

16.74
±2.00

10.81
±1.50

11.33
±0.93

7.27
±0.90

7.71
±1.61

7.79
±1.82

12.74
±1.66

3.6
±0.54

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 IOD HIL PSD ASD 
Mean
± SD

12.74
±3.57 

11.98
±3.46 

6.25
±2.21 

3.91
±0.97 

6.22
±1.45 

2.61
±0.71 

4.83
±1.11 

2.97
±0.68 

3.18
±0.78 

5.63
±1.32 

1.67
±0.34 

Fig. 3. Results of the regression analysis of different morphological parameters in male C. rotundicauda
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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), Itow 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),  Itow 
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 

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