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Morphology and Toxin Properties of Horseshoe Crab from Coastal Area of Johor 
 

Siti Nur Afiqah binti Mainong 
 

Aquatic Resource Science and Management 
Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 
 
 

ABSTRACT 
 
This study was carried out to describe the morphological characteristics and to identify toxin properties of horseshoe crab 
from coastal area of Johor. In morphological analysis, the characteristics of specimen (i.e telson, genital operculum, body 
segmented, and spinal zone) were recorded and described. Based on the characteristic analyzed, two species have been 
identified as Tachypleus gigas and Carcinoscorpius rotundicauda. A total of 44 individuals of horseshoe crab were 
collected during this study and the total length, carapace width and total weight were measured. The mean of total length, 
carapace width and the total weight for Tachypleus gigas were recorded as 37.17 cm, 20.83 cm, and 750.0 g, 
respectively. For the male of C. rotundicauda were 28.34 cm, 12.72 cm, and 145.0 g, respectively while for female of C 
.rotundicauda were 31.08 cm, 14.02 cm, and 239.38 g, respectively. The relationship between carapace width and body 
weight were positive for T. gigas female with higher degree of correlation, r=0.87 but for C. rotundicauda female (r= 
0.311) and C. rotundicauda male (r=0.085) showed negative relationship with low degree of correlation. For toxin 
analyses, Thin Layer Chromatography (TLC) and Liquid Chromatography Tandem Mass Spectrometry Detection  
(LCMS/MS) were performed. In the TLC analysis, all samples  of horseshoe crab exhibited fluorescent spot with Rf  
value ranged between 0.23 to 0.26 and matched with Rf  value for the standard of tetrodotoxin (TTX). In LCMS/MS, the 
amount of TTX present ranged between 0.624 MU/g to 297.67 MU/g. The edible tissue of eggs of T. gigas female was a 
non-toxic while the samples of C. rotundicauda were moderately toxic and some were weakly toxic. This study strongly 
inferred that Johor horseshoe crab, C. rotundicauda is toxic while T. gigas is non-toxic. 
 
Keywords: Horseshoe crab, Tachypleus gigas, Carcinoscorpius rotundicauda, morphology, toxicity 
 
 
ABSTRAK 
 
Kajian ini dijalankan untuk mengenalpasti ciri-ciri morfologi dan sifat-sifat ketoksikan belangkas dari kawasan perairan 
Johor. Dalam analisis morfologi, ciri-ciri spesimen seperti telson, genital operkulum, segmen badan dan zon berduri 
telah direkodkan dan dianalisis. Berdasarkan analisis, ciri-ciri daripada kedua-dua spesies telah dikenal pasti sebagai 
Tachypleus gigas dan Carcinoscorpius rotundicauda. Sebanyak 44 individu belangkas telah diperolehi dalam kajian ini 
dan jumlah panjang, lebar kerapas dan berat telah diukur. Purata jumlah jarak, lebar dan panjang kerapas untuk T. 
gigas telah direkodkan sebagai 37.17 cm, 20.83 cm dan 750.0 g, masing-masing. Bagi C. rotundicauda jantan pula ialah 
28.34 cm, 12.72 cm, dan 145.0 g, masing-masing manakala bagi betina  C. rotundicauda pula ialah 31.08 cm, 14.02 cm, 
dan 239.38 g, masing-masing. Hubungan antara lebar kerapas dan berat badan untuk T. gigas betina (r=0.87) 
menunjukkan perkaitan dengan tahap korelasi yang tinggi manakala bagi C. rotundicauda betina (r = 0.311) dan C. 
rotundicauda jantan (r =0.085) menunjukkan tiada perkaitan dengan tahap korelasi yang rendah. Untuk analisa toksin, 
Kromatografi Lapisan Nipis (TLC) dan Kromatografi Cecair Tandem Mass Spektrometri Pengesanan (LC-MS/MS) telah 
dijalankan. Dalam analisis TLC, semua sampel belangkas mempunyai nilai Rf antara 0.23 hingga 0.26 dan nilai tersebut 
sama padan dengan nilai Rf  dalam tetrodotoxin (TTX) yang asli. Bagi analisa LC-MS/MS, jumlah TTX adalah antara 
0.624 MU/g hingga 297.67 MU/g. Tisu-tisu yang boleh dimakan seperti telur T. gigas betina tidak mengandungi 
sebarang toksik manakala sampel C. rotundicauda mengandungi tahap toksik yang sederhana dan sebahagiannya 
mempunyai tahap toksik yang rendah. Kesimpulannya, belangkas C. rotundicauda mempunyai toksik manakala T. gigas 
tidak mempunyai toksik. 
 
Kata kunci: Belangkas, Tachypleus gigas, Carcinoscorpius rotundicauda, morfologi, ketoksikan 
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Introduction 

Horseshoe crab is an exotic species. The horseshoe crab has been on earth for 

millions of years and it is then being called an oldest living fossil with only four living 

species survived nowadays that are, Limulis polyphemus, Tachypleus tridentatus, 

Tachypleus gigas and Carcinoscorpius rotundicauda (Chatterji and Abidi, 1993). It 

belongs to the class of Merostomata and is known as ‘Belangkas’ by local people in 

Malaysia. In Johor, T. gigas is called belangkas while C. rotundicauda is called koncos. It 

is a benthic feeder that feeds on molluscs and decayed organic matters, annelids, and 

polychaete worm (Carmichael et al., 2003). 

Horseshoe crab can be found worldwide. L. polyphemus, the American horseshoe crab 

can be found on Atlantic coast of North America.  T. tridentatus on the northern shores of 

Japan up to south Vietnam, T. gigas on the shore of Bay Bengal, particularly along the 

coast of India to Indo China, and C. rotundicauda on northern shores of the Bay of Bengal 

to the southern coast of Philippines (Chatterji and Abidi, 1993). Three of them can be 

found on the coast of Malaysia and are identified as C. rotundicauda, T. gigas and T. 

tridentatus (Chatterji and Noraznawati, 2009). Among them, T. gigas has the broadest 

latitudinal distribution, ranging across the western Pacific Ocean from Japan to the 

Philippines, extending into the Indian Ocean and only found on the east coast of Peninsular 

Malaysia (Noraznawati et al., 2011) 

Horseshoe crabs are also very important ecologically and economically. Apart from 

being food source of migratory birds (Castro and Myers, 1993), it is also important for 

human being as it have blue blood that is crucial for saving thousands of human lives. The 

horseshoe crab's unique bloods have high values in biomedical industry and are high in 

demand. For economically purpose, fishermen have found that horseshoe crabs make 
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excellent bait for conch and eels. Local people in Malaysia especially in the state of Johor 

do eat horseshoe crab as their special meal. Public do not fully aware and understand about 

toxicity presence in it and its effect to their health. In Malaysia, there were a little serious 

case of food poisoning due its consumption were reported. In other country such as 

Thailand that consumed horseshoe crab, there have been several cases reported on food 

poisoning (Bovornkitti and Kulkantrakorn, 2004). Since 1995, about 100 people were 

poisoned resulting in 5 deaths (Kanchanapongkul, 2008). The horseshoe crab 

Carcinoscorpius rotundicauda is reported to be one of the tetrodotoxin (TTX)-bearer. In 

Thailand, Bangladesh, and Cambodia specimens of this species are reported as toxic 

(Kungsuwan et al., 1987; Tanu and Noguchi, 1999; and Ngy et al., 2007). Tetrodotoxin 

(TTX) is a major toxin in the eggs (Kungsuwan et al., 1987; Kanchanapongkul and 

Krittayapoositpot, 1995; Kanchanapongkul et al., 1996). It have extremely potent 

neurotoxin which can cause death with no antidote been found yet.  

There were very limited data found on toxicity and morphology of horseshoe crab 

in coastal water of Malaysia and this study can create awareness to local people. This study 

was conducted to describe the morphology characteristic and to identify the toxicity of 

horseshoe crab from the coastal area of Johor. The obtained result can create awareness to 

local people and it also useful for government and health authority to prevent food 

poisoning due to horseshoe crab consumption. 

The objectives of this study were: 

1) To determine the morphology of horseshoe crab species in coastal area of Johor. 

2) To identify the toxin properties in horseshoe crab tissues by using Thin Layer 

Chromatography (TLC) and Liquid Chromatography Tandem Mass Spectrometry 

Detection (LC-MS/MS). 
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2.0 Literature Review 

2.2 Morphology of Horseshoe Crab 

The physical characteristics of the horseshoe crab are almost the same among the 

four species. As for the general characteristics, it is composed of three main parts that are 

the prosoma, opithosoma and the telson. In prosoma part, the semicircular part of 

horseshoe crab, there are intestinal tract, nervous system and five paired legs. Opithosoma 

part which attached to the prosoma by a hinge, contain muscle groups, book gills, and a 

connection to the third part that is the tail, telson (Susan, 2007).  

According to Sekiguchi and Shuster (2009), there are many ways to determine the 

sex of horseshoe crab. The simplest one is by comparing it front pedipalps. For adult male, 

the front pedipalps resemble a boxing gloves structure after it has been modified by 

molting process. The other way is by observing the underside of genital operculum. For 

male, there are genital papillae with hard raised bump while for female, a softer bump 

gonopore with silt. 

Morphological characters are used to describe variations among individuals and 

populations. The variations in morphological structure help in classification and 

identification of species. The main morphological characteristics are hard to distinguish 

and look almost similar but when the data are analyzed statistically of different populations 

inhabiting in several areas, a marked difference could be detected in their morphometric 

structures (Srijaya et al., 2010). The morphology study of horseshoe crab is based on the 

meristic characters and morphometric characters. The meristic characteristics are referred 

to body segmented while the morphometric characters are referred to measurable structure. 

The measurements that will be highlighted in this study are, carapace width, total length, 

and total weight (Figure 1).   
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Figure 1: Measurements used for morphometric analysis. Left: T. gigas collected from 
Sedili Kechil. Right: C. rotundicauda collected from Felda Sungai Mas. (TL) Total length, 
and (CW) Carapace width. 
 

 According to the study of carapace width and total weight relationship of Tachypleus 

gigas from Chendor and Cherating, Pahang, Malaysia by Noraznawati et al. (2011), it was 

found that there were no significant differences in morphometric characteristics between 

both male and female and between the two populations. It can be concluded that a 

proportional increment in morphometric character was seen with an increase in age. The 

same studies also been done in Setiu and Gelang Patah, Johor, (Srijaya et al., 2010) found 

that all the relationships for the measurement done showed a straight line which indicated 

that in both populations the increment of all body parts followed an isometric growth. The 

significant difference in morphometric characters of the horseshoe crab between two 

different habitats strongly suggests that these specimens belong to two different 

independent stocks (Srijaya et al., 2010). 

According to Vijayakumar et al. (2000) relationships between the total length and 

carapace length, total length and carapace width and total length and telson length were 

found linear and these relationships suggest that all these three parameters constantly 

increased proportionately with the increasinge growth of horseshoe crab. 

CW 

TL 
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Carapace width and total length relationship is linear showing that the carapace 

width increase proportionately with advancement of total length. The relationship between 

body weight and total length was linear. Generally, the rate of increase of body weight was 

of highest magnitude than that of the total length. In the length range 300-400 mm, the 

weight increased sharply. The carapace width and total body weight in T. gigas has been 

reported to increase with age of the horseshoe crab (Chatterji, 1976). 

2.3 Tetrodotoxin 

Tetrodotoxin is a puffer fish toxin named after the fish order, Tetraodontiformes. It 

is a non-protein molecule that is soluble in water. TTX is a heat stable toxin in neutral to 

weakly acidic solutions that does not decompose even by cooking (Arakawa et al., 2010). 

Nowadays, there is no antidote or specific medication for TTX, no special treatment to 

eliminate the toxin from the body, and no idea of artificial respirator can be found and yet 

still in research (Arakawa et al., 2010). Since there is no antidotes for TTX poisoning, 

treatment is mainly by supporting therapy, mechanical ventilation for oxygen supply, 

normal saline infusion, gastric emptying procedure, treatment with dopamine, and normal 

saline infusion for distending intravascular volume (Noguchi and Arakawa, 2008). 

Research conducted by Tanu et al. (1999) proved that the main origin of TTX is not 

the crab itself but it is from the prey that the crab ate. The crab preys on mollusks, 

arthropods and detritus that may contain TTX carrying bacteria (Tanu et al., 1999). Puffer 

fish also contain the same form of toxin, TTX. The TTX of puffer fish is not endogenous, 

but comes via the food chain. The exact origin of TTX in the food chain remains unknown. 

The primary sources of TTX are closely related to marine organism that commonly inhabit 

aquatic ecosystem such as bacteria and omnipresent instead of ecologic environments of 



	  
	  

 
7 

TTX-bearing animals, that have no common factor (Noguchi and Ebesu, 2001). According 

to Noguchi and Arakawa (2008), TTX is produced by symbiotic or parasitic bacteria that 

are directly accumulated inside the puffer body and not obtained via the food chain. The 

amount of TTX produced by bacteria are in a low number to account for the TTX 

accumulation in puffer fish, therefore bioconcentration likely has an important role in the 

accumulation of TTX in puffer fish. 

Tetrodotoxin blocks voltage sensitive sodium channels in nerve tissue leading to 

failure of depolarisation and propagation of action potential in nerve tissue. TTX can act 

on both the central and peripheral nervous systems. Sensory neurons are affected first and  

then motor neurons at a higher dose of TTX (Wan, 2007). The inhibition of sodium entry 

through ion channel renders these tissues nonfunctional. TTX have low molecular weight 

and a unique structure as shown in Figure 2. 

 

 

 

 

 

 

 

Figure 2: The structure of Tetrodotoxin (Tanu and Noguchi, 1999) 
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2.4 Food Poisoning Due to Consumption of Horseshoe Crab 

In Peninsular Malaysia especially in Johor state, people like to eat horseshoe crab. 

There were abundance of horseshoe crab can be found on coastal and mangrove area of 

Johor. There were little serious cases of poisoning due to ingestion of horseshoe’s crab 

eggs being reported in Malaysia. The eggs have to be clean properly to avoid food 

poisoning. 

A lot of cases were reported in other Asian country where it consumed more 

horseshoe crab, especially in Thailand. Thailand’s people do eat on horseshoe crab as their 

meal. Since 1994, horseshoe crab poisoning has occured in Chon Buri where located in 

eastern coast of Thailand. The eggs of the Carcinoscopius rotundicauda can contain 

tetrodotoxin that have poisoned 280 people who ate them between 1994 and 2006 in 

Southeast Asia (Kanchanapongkul, 2008). 

 In 1999, the study of Tanu and Noguchi shows that, C. rotundicauda in Bangladesh 

also had high toxicity level of tetrodotoxin. In 2006, the toxicity studies in horseshoe crab 

was continued at Cambodia due to poisoning incidences cases by ingestion of horseshoe 

crab in fisherman community (Ngy et al., 2007).  

  The early symptoms after the ingestion of the toxic are perioral, lingual and distal 

limb numbness and paresthesia (Kanchanapongkul, 2008). For mild poisoning cases, only 

sensory features develop and are associated with nausea and vomiting. Severe poisoning 

causes generalized flaccid paralysis, respiratory failure, and fixed and dilated pupils with 

or without alteration of consciousness (Kanchanapongkul, 2008). Severe and life 

threatening TTX poisoning is characterized by respiratory failure, cardiovascular collapse, 

and the alteration of consciousness (Kanchanapongkul, 2008). 
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3.0 Materials and Methods 

Two analyses were done on horseshoe crab sample that were morphological study 

and toxicity analysis. 

3.1 Field Work 

3.1.1 Sampling Sites 

The study sites were located at two places in Johor area: Felda Sungai Mas, Bandar 

Penawar and Sedili Kechil, Kota Tinggi as shown in Table 1 and Figure 3.  

Table 1: Location and the general descriptions of the sampling sites in coastal area of 
Johor. 
 
No Location Coordinate Date Species 

 collected 
Descriptions of the 
sampling site 
 

1 Sedili 
Kechil 

1°50'21"N 
104°8'59"E 

7 Nov 
2011 

T. gigas Samples were collected 
from Horseshoe Crab 
Aquaculture Farm which 
is located near to Sedili 
Kechil estuarine river in 
Kota Tinggi. 
 

2 
 
 
 
 
 
3 

Felda 
Sungai 
Mas 
 
 
 
Felda 
Sungai 
Mas 

1°36'28.18"N 
104°9'34.4"E 
 
 
 
 
1°36'28.18"N 
104°9'34.4"E 

8 Nov 
2011 
 
 
 
 
11 Feb 
2012 

C. rotundicauda 
 
 
 
 
 
C. rotundicauda 

Samples were collected 
from cage culture 
hatchery in mangrove 
area of Papan estuarine 
river of Bandar Penawar. 
 
Samples were collected 
from cage culture 
hatchery in mangrove 
area of Papan estuarine 
river of Bandar Penawar. 
 

 

3.1.2 Field Sampling 

  The specimen was bought directly from the farm. It was stored in the cooler box 

with ice. Then, it was transported to the laboratory for identification and toxicity analysis. 
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Figure 3: Study sites of horseshoe crab on coastal area of Johor. 
(Sources: Google map) 
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3.2 Laboratory Analysis 

3.2.1 Morphological Study 

First, the horseshoe crabs were identified based on its physical characteristics as 

Tachypleus gigas and Carcinoscorpius rotundicauda followed the method of Sekiguchi 

and Shuster (2009). Then, the total length, carapace length, standard length were measured 

by using measuring board while the wet weights then were measured by using electronic 

scales. The external morphology of the horseshoe crab was observed. The physical 

appearances of the horseshoe crab also were compared to one another. Then the dorsal 

view and ventral view of the horseshoe crab were observed. The pictures were taken for 

comparison. 

3.2.2 Toxin Extraction 

The toxin extraction from horseshoe crab was done based on modification of 

Mohamad and Ling (2010) method. The eggs of horseshoe crab for female horseshoe crab 

and the soft tissue firm inside prosoma for male were dissected using fine scissors. The 

eggs samples then was mashed and minced until it was fully crushed. After that, 5 g of 

portion was put in a test tube, then, 10 ml of 1% acetic acid was added to the test tube. The 

test tube was put in vortex so that the substances was fully mixed. The extract then was 

boiled for 10 min. For the first 5 min, the test tube was taken out to shake and was put back 

then. After the boiling process, it was cooled at room temperature. Next, it was centrifuged 

at 11000 g for 15 min with the temperature of 22 °C. The supernatant containing the TTX 

was filtered using 0.45 µm disc filter and then it was kept in vial tube and then was stored 

at -20 °C until it will be used.  

 

 



	  
	  

 
12 

3.3.3 Toxin Analysis 

3.3.3.1 Thin Layer Chromatography (TLC) 

 TLC analysis followed the method of Mahmud et al. (1999). The supernatant in the 

vial tube was used for toxin identification by using TLC. In the analysis, TTX was spotted 

into a silica gel-60 F254 pre coated plate. There were two types of solvent used in the 

analysis, the pyridine: ethyl acetate: acetic acid: water (15:5:3:4) and the 1-butanol: acetic 

acid: water (12:3:5). Different solvent gave different reading of spot. The solvent rises by 

capillary action and ascending chromatographic separation was obtained. After that, the 

plate was be sprayed with 10% KOH followed by heating with dryer, until the plate were 

dried. Then the toxin was visualized under UV light (365 nm). Then the Rf values of TTX 

were calculated and compared to standard Rf of TTX. In TLC analysis, the standard Rf  

value of TTX was around 0.70 for pyridine: ethyl acetate: acetic acid: water solvent and 

0.20 for 1-butanol: acetic acid: water solvent. The Rf value was compared with the 

standard TTX. The standard used was CHEMETE (TTX standard 99%, HPLC grade). 

Calculation of  Rf value: 

Rf   = distance of compound from origin 
            distance of solvent front from origin  
 

 

3.3.3.2 Liquid Chromatography Tandem Mass Spectrometry Detection (LC-MS/MS) 

LC-MS/MS analysis followed the method of Diener et al. (2007). Mass 

spectrometry was performed using a TSQ Quantum Discovery MAX model from Thermo 

Electron, USA consisting of an MS Surveyor pump with autosampler coupled to a Mass 

Spectrometer equipped with an Electro Spray Ionisation (ESI) probe. Compound 

optimisation was carried out in the positive mode for the detection of the analyte based on 
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its ionisation using a 1 ppm tuning standard solution of TTX. Optimal ion source and 

interface conditions were achieved at a spray voltage of 3,800V, sheath gas flow of 10 

units, auxillary gas flow of 3 units, Collision Energy (CE) of 18, Collision Gas Pressure of 

1.5m Torr and capillary temperature of 300°C. The positive ionization produced the typical 

[M+H]+ molecular ion of TTX (m/z 320) which under SRM mode, collision by Argon 

molecule to give the product ions (m/z 162) as quantifier. Peak detection, data acquisition 

and the calibration graph plot were performed using the Xcalibur 2.1.0 software. TTX was 

separated on a 5 µm, 150 mm x 2.1 mm inner diameter ZIC-HILIC column (SeQuant, 

Haltern, Germany) at a flow rate of 250 µL/min of Mobile Phase A (10 mM Ammonium 

formate + 10 mM Formic acid) and Mobile B (5 mM Ammonium formate + 2 mM Formic 

acid in 80% Acetonitrile) applying a gradient program. 

  

 

 

 

 

 

 

 

 

 

 

 

 


