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Abstract. A study was conducted at west part of Sarawak waters in Borneo, Malaysia to compare the 
morphometric allometry of coastal horseshoe crab, Tachypleus gigas obtained from two different 
locations, Pasir Putih Village and Gerigat Beach. The specimens were collected by using hand manually 
and monofilament gill netting during March 2014 to April 2014. All measurements of body parameters of 
male and female T. gigas from Gerigat Beach were recorded higher compared to specimens from Pasir 
Putih Village. All body parameters between male and female T. gigas from both locations showed 
significant different when p < 0.05. Allometric analysis was used to compare BW-TL/CW of T. gigas in log 
transform by using Pearson correlation and regression analysis. Male and female T. gigas from both 
locations revealed negative allometric growth for all body parameter relationships since ‘b’ value was less 
than 3 excluding BW-CW and TEL-TL of female from Gerigat Beach. Two way ANCOVA analysis indicated 
significant differences in BW-CW and BL-TL relationships of both sexes from two locations. The dissimilar 
size of T. gigas from different locations in west Sarawak waters is probably due to two discrete 
populations.  
Key Words: Tachypleus gigas, width-weight relationship, length-weight relationship, horseshoe crab, 
Borneo). 
 

 
Introduction. Horseshoe crab is known as the “living fossil” after the declaration that 
their external morphology only slightly changed since the Cambrian period (Rudkin et al 
2008). In the current era, only three out of the four species of the horseshoe crab can be 
obtained in the Asian waters, namely Tachypleus tridentatus, Tachypleus gigas and 
Carcinoscorpius rotundicauda (Sekiguchi & Nakamura 1979; Chiu & Morton 2003; Faridah 
et al 2015). It was also found that horseshoe crab is actually highly similar to spider and 
scorpion, although the name falls under the family of crab (Hickman et al 2007). 

The major physical characteristics of the four species types of horseshoe crab 
demonstrated certain degree of similarities among each other. Therefore, the effective 
method to describe the differences among closely related species is by conducting a 
morphometric study (Hussain et al 2009; Srijaya et al 2010). According to Huxley & 
Tessier (1936), allometry analysis can be carried out for morphometric analysis to 
describe the changes of size, shape, and relationship between different body parameters 
belonged to the same organism. In more detail, an allometric correlation enhances the 
knowledge of morphometric variations within in the population origin (Chatterji et al 
1988). Previous studies showed that the variation of horseshoe crab size was influenced 
by the changes in habitat, in-situ physico-chemicals parameters, diets, stage of maturity, 
and genetic (Krumholz & Cavanah 1968; Gaspar et al 2002; Graham et al 2009; Shuster 
& Sekiguchi 2009). 

The aim of this study is to determine the morphometric variations of T. gigas in 
term of different habitats, Pasir Putih Village and Gerigat Beach and to highlight the 
effects of different ecological habitat to the growth of T. gigas.  
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Material and Method 
 
Sampling sites and sample collection. In this study, a total of 125 T. gigas specimens 
were collected in Pasir Putih Village (N 01°39.490’ E 110°28.300’) and Gerigat Beach (N 
02°02.277’ E 111°11.305’) with the aid from local fisherman. Pasir Putih Village is a 
sandy beach with replanting mangrove trees area and Gerigat Beach is a sandy beach as 
shown in Figure 1. The specimens were collected manually by using hand and using a 
20.0 × 1.5 m net size; 5.08 cm mesh size monofilament gill net during March 2014 to 
April 2014. 
 

 
Figure 1. A map of Malaysia showing the locations of Pasir Putih Village and Gerigat 

Beach at west part of Sarawak waters.      indicated the locations of the sampling site, 
(A) Pasir Putih Village and (B) Gerigat Beach. 

 
Morphometric measurement. Body measurement parameters such as total length 
(TL), carapace width (CW), telson length (TEL) and body weight (BW) were measured for 
each individual of horseshoe crab (Figure 2). Total length was measured by using 
measuring board (Wildco), while carapace width and telson length were measured to the 
nearest mm by using a digital vernier caliper (Mitutoyo) to the nearest cm. The weight of 
each horseshoe crab was weighted to the nearest 0.1 g by using digital balance 
(Adventurer ARA 520). 
 
Allometric analysis. The allometric analysis was conducted according to the 
methodology proposed by Le Cren (1951) and Chatterji (1976). The body weight to 
carapace width (BW-CW) and body weight to total length (BW-TL) measurements in log 
transformed of different sexes and between different locations were determine and 
expressed by using an exponential equation; y = bxa in logarithmic form.  
 
Statistical analysis. The regression analysis was performed by using Microsoft Excel 
version 2007 in order to discover the dissimilarity of the association degrees within 
different body parts, body weight-total length (BW-TL), carapace width-total length (CW-
TL), telson length-total length (TEL-TL) and body weight-carapace width (BW-CW) of the 
horseshoe crabs (Chatterji et al 1988; Srijaya et al 2010). Apart from that, ANCOVA 
analysis from SPSS software version 21.0 was used to test significant differences 
between BW-CW and BW-TL relationships of male and female T. gigas. Independent 
samples T-test also applied to test differences between male and female from both 
locations. 
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Figure 2. Body measurement used for morphological analysis of a horseshoe crab;  
TL (total length in cm), CW (carapace width in cm) and TEL (telson length in cm). 

 
Results and Discussion  
  
Morphometric analysis of male and female T. gigas from Pasir Putih Village and 
Gerigat Beach. A total of 83 individuals of T. gigas (♂ = 48, ♀ = 35) were collected from 
Pasir Putih Village and 42 individuals of T. gigas (♂ = 22, ♀ = 20) were collected from 
Gerigat Beach. The mean values of all body parameters of male and female T. gigas that 
obtained from Pasir Putih Village and Gerigat Beach were tabulated in Table 1. For female 
specimens, the range CW and BW was 16.3-26.4 cm and 260.0-1820.0 g respectively, 
meanwhile the CW and BW of male specimens ranged between 15.4-22.6 cm and 182.5-
370.3 g respectively. Female of T. gigas showed significant different in TL, CW, BW and 
TEL with male of T. gigas from both locations. Female specimens from Gerigat Beach 
showed higher values; 0.24%, 1.81% and 15.95% respectively in difference of body 
parameters excluding lower value in TEL (1.48%) compared to female from Pasir Putih 
Village (Table 2). Male from Gerigat Beach also showed higher values in all body 
parameters compared to male from Pasir Putih Village, 2.33%, 2.82%, 1.34% and 1.13% 
respectively. Female from both locations showed higher different percentage in body 
parameters compared to male, same as reported by Yamasaki et al (1988), Chatterji 
(1994), Chiu & Morton (2003) and Itow et al (2004). Therefore, it is clear that sexual 
dimorphism features of horseshoe crabs can be clearly observed through the differences 
of size (Shuster & Sekiguchi 2009; Tan et al 2012; Mohamad et al 2016), which male T. 
gigas need to molt 16 molt times and female T. gigas required to molt 17 times to 
achieve maturity. In addition, female horseshoe crabs contain large volume of eggs in its 
carapace during spawning season and similarity of fat content (Le Cren 1951; Sekiguchi 
et al 1988). Besides that, the difference in size of adults male and female of T. gigas 
from Pasir Putih Village and Gerigat Beach probably due to two discrete populations, 
same as reported for other species of horseshoe crabs, C. rotundicauda, T. tridentatus 
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and Limulus polyphemus from two different locations (Riska 1981; Chiu & Morton 2003; 
Pierce et al 2000; Srijaya et al 2010; Mohamad et al 2016). T. gigas from Pasir Putih 
Village also obtained in bulk populations but their mean size was smaller compared to 
specimens from Gerigat Beach which considered probably there was less food availability 
since there were a lot of competitions in obtaining food.   
 

Table 1 
Morphometric of four body parameters of horseshoe crab male and female of T. gigas 

species collected from Pasir Putih Village and Gerigat Beach 
 

Pasir Putih Village Gerigat Beach Parameters ♂ (N = 48) ♀ (N = 35) ♂ (N = 22) ♀ (N = 20) 
TL (cm) 33.6±4.2a 

(13.4-38.6) 
41.8±5.2b 

(29.8–48.9) 
34.4±2.9a 

(27.0–38.2) 
41.9±6.0b 

(22.7–50.1) 
CW (cm) 17.2±1.0a 

(15.4-22.6) 
21.7±2.0b 

(16.3-26.4) 
17.7±0.7a 

(16.6-18.8) 
22.1±1.0b 

(19.8-23.8) 
BW (g) 295.4±29.2a 

(225.1-370.3) 
726.3±172.6b 

(260.0-990.1) 
299.4±46.0a 

(182.5-359.9) 
864.1±247.5b 

(682.7-1820.0) 
TEL (cm) 17.5±2.8a 

(8.6-23.2) 
20.3±4.5a 

(9.2-26.7) 
17.7±2.7a 

(10.4-21.3) 
20.0±6.0b 

(12.5-26.3) 
*TL = total length, CW = carapace width, BW = body weight, TEL = telson, ♂ = male, ♀ = female. *Same-
superscripts indicated significant difference of TL, CW, BW and TEL between sexes of T. gigas from different 
locations when p < 0.05. 
 

Table 2 
Difference of four body parameters of horseshoe crabs based on sex and different 

locations (in percentage) 
 

% difference of parameters Parameters ♂ ♀ Pasir Putih Village Gerigat Beach 
TL (cm) 2.33 0.24 19.62 17.90 
CW (cm) 2.82 1.81 20.74 19.91 
BW (g) 1.34 15.95 59.33 65.35 

TEL (cm) 1.13 1.48 13.79 11.5 
*% = percentage, TL = total length, CW = carapace width, BW = body weight, TEL = telson, ♂ = male, ♀ = 
female. 
 
Allometric analysis of male and female T. gigas from Pasir Putih Village and 
Gerigat Beach. According to Chatterji et al (1988), the study on the relationship 
between different body parameters of a living organism will contribute further 
understanding of their morphometric characteristics and growth. Therefore, regression 
analysis was applied for selected body measurements of male and female from Pasir 
Putih Village and Gerigat Beach, where the data is listed in Table 3. 

All relationship between body parameters of both sexes T. gigas from both 
location showed significant differences (p < 0.05) except CW-TL and BW-CW of male 
from Pasir Putih Beach, CW-TL of male from Gerigat Beach, and BW-TL and CW-TL of 
female from Gerigat Beach. Present study showed ‘b’ value of BW-CW and BW-TL for 
male and female from Pasir Putih Village and Gerigat Beach was ranging from 0.19 to 
3.94 (Table 3). The regression coefficients, ‘b’ values of both sexes from both locations 
showed negative allometric growth since ‘b’ value less than 3 except BW-CW and TEL-TL 
of female from Gerigat Beach which ‘b’ values; 3.16 and 3.94. Negative allometric growth 
(b < 3) indicated that the growth of CW/TL was faster than the BW increment after 
molting (Mohamad et al 2016). Only female T. gigas from Gerigat Beach showed positive 
allometric growth.  

The relationship between TEL-TL of male (r = 0.918) and female from Gerigat 
Beach (r = 0.901) exhibited stronger correlation compared to others relationship when p 
< 0.05. Normally after the molting process, the body weight is increased proportionately 
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with the continuing rise as their carapace widths grow wider and their total length 
elongated (Vijayakumar et al 2000).  

 
Table 3 

Statistical analysis of body parameters measurement of male and female of T. gigas 
based on two different locations 

 
 M   F  Pasir Putih Village 

RC (b) CC (R2) S RC (b) CC (R2) S 
BW-TL 0.19 0.097 S 1.00 0.171 S 
CW-TL 0.06 0.038 NS 0.43 0.351 S 
TEL-TL 0.58 0.243 S 1.85 0.849 S 
BW-CW 0.43 0.050 NS 2.35 0.488 S 

Gerigat Beach       
BW-TL 0.83 0.194 S 0.52 0.159 NS 
CW-TL 0.10 0.053 NS 0.07 0.072 NS 
TEL-TL 1.88 0.918 S 3.94 0.901 S 
BW-CW 2.67 0.396 S 3.16 0.451 S 

*TL = total length, CW = carapace width, BW = body weight, TEL = telson, RC = regression coefficient, CC = 
correlation coefficient, S = significant, NS = not significant. 

  
Relationships of CW/TL-BW. The ‘b’ value of length-weight ranged from 0.27 to 2.54 
for male and female from both locations which does follow the cube law and less than 3.0 
which indicated allometric growth. The range of ‘b’ value for different sexes of C. 
rotundicauda also recorded less than 3.00 (Srijaya et al 2010). Compared to T. 
tridentatus species from Tanjung Limau and Inderasabah, Sabah, ‘b’ value for BW-CW 
was reported more than 3 while less than 3 for BW-TL relationship (Mohamad et al 
2016). Same as reported for BW-CW (b = 5.24) was higher compared to BW-TL (b = 
2.46) of T. gigas specimens from India (Vijayakumar et al 2000). However, present study 
showed ‘b’ value of female was higher compared to male and this was supported by 
Srijaya et al (2010), Ismail et al (2012), Tan et al (2012) and Mohamad et al (2016). 
This indicated that the length (CW/TL) of female horseshoe crab was higher compared to 
male. 

Negative allometry growth was shown in this study since current ‘b’ value was less 
than 3.00. Previous research related with horseshoe crab growth also indicated negative 
allometric growth (Srijaya et al 2010; Mohamad et al 2016). The relationship between 
BW-TL (r = 0.372), and BW-CW (r = 0.687) of female (pooled locations) exhibited higher 
Pearson’s correlation coefficient compared to male (r = 0.309, r = 0.309). CW indicates 
higher increase compared to TL in female compared to male. CWfemale raise about three 
times (b = 2.54) compared to TLfemale (b = 0.77) and CWmale showed one time increment 
rates (b = 0.85) compared with TLmale (b = 0.27). Present study showed a better CW 
increment of male and female T. gigas from two locations in Sarawak, same as reported 
by Vijayakumar et al (2000).  

The coefficient of determination, R2 of BW-CW and BW-TL of male from different 
locations was recorded lower compared to female except for BW-TL male from Gerigat 
Beach (Table 3). Through two-way ANCOVA analysis, there is significant different 
between BW-CW, [F(1,119) = 29.99, p = 0.00] and BW-TL [F(1,119) = 4.63, p = 0.03] 
relationships for both sexes from Pasir Putih Village and Gerigat Beach when p < 0.05. 
According to Mohamad et al (2016), the relationship of different body parameters among 
male and female from different habitat will show similar rates of increment when p > 
0.05. The differences of body parameters between same species from different locations 
probably due to the different environmental parameters, food availability and population 
density (Hile & Jobes 1940; Le Cren 1951; Vijayakumar et al 2000; Srijaya et al 2010). 

Consequently, the aim of this morphological variations study is to provide crucial 
data that related with horseshoe crabs in west coast of Sarawak waters since no 
information on morphological and allometric study of Sarawak horseshoe crabs provided 
until now. 
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Conclusions. Body parameters of female T. gigas originated from Sarawak waters were 
higher and heavier compared to male. The relationship between CW/TL-BW for T. gigas 
exhibited negative allometric growth (b < 3) which indicated the increment of BW was 
slower than CW/TL. The current estimated size for adult male and female of T. gigas 
during spawning activity can be used for better conservation management to prevent the 
seriously declining population in future.  

 
Acknowledgements. We would like to thank the Ministry of Higher Education 
(Malaysia), and Ministry of Science, Technology and Innovation (Malaysia) for funding 
this research [FRGS/STWN04(01)/986/2013(27)]. Our sincere thanks and gratitude also 
goes to Faculty of Resource Science and Technology, Universiti Malaysia Sarawak for 
providing the laboratory facilities support. Special thanks to all laboratory assistants and 
undergraduate student that involved in this project. 
 
References 
 
Chatterji A., 1976 Studies on the biology of some carps. PhD thesis, Aligarh Muslim 

University, Aligarh, 122 pp.  
Chatterji A., 1994 The Indian horseshoe crab - a living fossil. Orissa, India: A project 

Swarajya Publication, 152 pp. 
Chatterji A., Vijayakumar R., Parulekar A. H., 1988 Growth and morphometric 

characteristics of the horseshoe crab, Carcinoscorpius rotundicauda (Latreille) from 
Canning (West Bengal), India. Pakistan Journal of Scientific and Industrial Research 
31(5):352-353. 

Chiu H. M. C., Morton B., 2003 The morphological differentiation of two horseshoe crab 
species, Tachypleus tridentatus and Carcinoscorpius rotundicauda (Xiphosura), in 
Hong Kong with a regional Asian comparison. Journal of Natural History 37(19): 
2369-2382.  

Faridah M., Ismail N., Ahmad A., Manca A., Rahman M. Z. F. A., Bahri M. F. S.,  Mohd 
Sofa M. F. A., Ghaffar I. H. A., Alia’m A. A., Abdullah N. H., Mohd Kasturi M. M. 
2015 The population size and movement of coastal horseshoe crab, Tachypleus 
gigas (Müller) on the East Coast of Peninsular Malaysia. In: Changing global 
perspectives on horseshoe crab biology, conservation and management. Carmichael 
R. H. et al (eds.), Springer International Publishing, Switzerland, pp. 213-227. 

Gaspar M. B., Santos M. N., Vasconcelos P., Monteiro C. C., 2002 Shell morphometric 
relationship of the most common bivalves species (Mollusca: Bivalvia) of the 
Algarve coast (southern Portugal). Hydrobiologia 477:73-80. 

Graham L. J., Botton M. L., Hata D., Loveland R. E., Murphy B. R., 2009 Prosomal-width- 
to-weight relationships in American horseshoe crabs (Limulus polyphemus): 
examining conversion factors used to estimate landings. Fishery Bulletin 107:235-
243. 

Hickman C. P., Roberts L. S., Keen S. L., Larson A., Eisenhour D. J., 2007 Animal 
diversity. 4th edition, McGraw Hill, Boston, 496 pp. 

Hile R., Jobes F. W., 1940 Age, growth and production of the yellow perch Perca 
flavescens (Mitchill), of Saginaw Bay. Transactions of the American Fisheries Society 
70(1):102-122. 

Hussain A., Qazi J. I., Shakir H. A., Mirza M. R., Nayyer A. Q., 2009 Length-weight 
relationship, meristic and morphometric study of Clupisoma naziri from the river 
Indus, Pakistan. Punjab University Journal of Zoology 24(1-2):41-47. 

Huxley J. S., Tessier G., 1936 Terminology of relative growth. Nature 137:780-781. 
Ismail N., Jolly J. J., Dzulkiply S. K., Mohd Mustakim M. K., Nik Mohd Hafiz A., Izzatul 

Huda A. G., Taib M., Shamsuddin A. A., Chatterji A., 2012 Allometric variation of 
horseshoe crab (Tachypleus gigas) populations collected from Chendor and 
Cherating, Pahang, peninsular Malaysia. Journal of Sustainability Science and 
Management 7(2):164-169.  



AACL Bioflux, 2017, Volume 10, Issue 1. 
http://www.bioflux.com.ro/aacl 24 

Itow T., Mishra J. K., Ahmed A. T. A., 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. 

Krumholz L. A., Cavanah H. S., 1968 Comparative morphometry of freshwater drum from 
two midwestern localities. Transactions of the American Fisheries Society 
97(4):429-441. 

Le Cren E. D., 1951 The length-weight relationship and seasonal cycle in gonad weight 
and condition in the perch (Perca fluviatilis). Journal of Animal Ecology 20(2):201-
219.  

Mohamad F., Manca A., Ahmad A., Mohd Sofa M. F. A., Alia’M A. A., Ismail N., 2016 
Width- weight and length-weight relationships of the tri-spine horseshoe crab, 
Tachypleus tridentatus (Leach 1819) from two populations in Sabah, Malaysia: 
implications for population management. Journal of Sustainability Science and 
Management 11(1):1-13. 

Pierce J. C., Tan G., Gaffney P. M., 2000 Delaware Bay and Chesapeake Bay populations 
of the horseshoe crab Limulus polyphemus are genetically distinct. Estuaries 
23(5):690-698.  

Riska B., 1981 Morphological variation in the horseshoe crab Limulus polyphemus. 
Evolution 35:647-658. 

Rudkin D. M., Young G. A., Nowlan G. S., 2008 The oldest horseshoe crab: a new 
xiphosurid from late Ordovician Konservat-lagerstaätten Deposits, Manitoba, 
Canada. Palaeontology 51(1):1-9. 

Sekiguchi K., Nakamura K., 1979 Ecology of the extant horseshoe crabs. In: Biomedical 
applications of the horseshoe crabs (Limulidae). Cohen E. (ed), Alan R. Liss, New 
York, pp. 37-45.  

Sekiguchi K., Seshimo H., Sugita H., 1988 Post-embryonic development of the horseshoe 
crab. Biological Bulletin 174:337-345. 

Shuster C. N., Sekiguchi K., 2009 Basic habitat requirements of the extant species of 
horseshoe crabs (Limulacea). In: Biology and conservation of horseshoe crabs. 
Tanacredi J. T., Botton M. L., Smith D. R. (eds), Springer, New York, pp. 115-129.  

Srijaya T. C., Pradeep P. J., Mithun S., Hassan A., Shaharom F., Chatterji A., 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. 

Tan A. N., Christianus A., Shakibazadeh S., Hajeb P., 2012 Horseshoe crab, Tachypleus 
gigas (Müller, 1785) spawning population at Balok Beach, Kuantan, Pahang, 
Malaysia. Pakistan Journal of Biological Sciences 15:610-620. 

Vijayakumar R., Das S., Chatterji A., Parulekar A. H., 2000 Morphometric characteristics 
in the horseshoe crab Tachypleus gigas (Arthropoda: Merostomata). Indian Journal 
of Marine Sciences 29:333-335. 

Yamasaki T., Makioka T., Saito J., 1988 External morphology. In: Biology of horseshoe 
crabs. Sekiguchi K. (ed), Science House, Tokyo, pp. 89-104.  

 
 
 
Received: 19 November 2016. Accepted: 27 December 2016. Published online: 08 January 2017. 
Authors:   
A. Raman Noor Jawahir, Department of Aquatic Science, Faculty of Resource Science and Technology, Universiti 
Malaysia Sarawak, 94300 Kota Samarahan, Sarawak, Malaysia, e-mail: noorjawahir@gmail.com 
Mohamad Samsur, Department of Aquatic Science, Faculty of Resource Science and Technology, Universiti 
Malaysia Sarawak, 94300 Kota Samarahan, Sarawak, Malaysia, e-mail: msamsur@unimas.my 
Mohd Long Shabdin, Department of Aquatic Science, Faculty of Resource Science and Technology, Universiti 
Malaysia Sarawak, 94300 Kota Samarahan, Sarawak, Malaysia, e-mail: lshabdin@frst.unimas.my 
Abdul Rahim Khairul-Adha, Department of Aquatic Science, Faculty of Resource Science and Technology, 
Universiti Malaysia Sarawak, 94300 Kota Samarahan, Sarawak, Malaysia, e-mail: akhairul@frst.unimas.my 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited.  
How to cite this article:  
Noor Jawahir A. R., Samsur M., Shabdin M. L., Khairul-Adha A. R., 2017 Morphometric allometry of horseshoe 
crab, Tachypleus gigas at west part of Sarawak waters, Borneo, East Malaysia. AACL Bioflux 10(1):18-24.   


