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ABSTRACT 

Horseshoe crab (HSC) has been exploited by several industries such as agriculture 

(fertilizer) and as livestock feed, yet, the bigger threats come from fisheries, 

biomedical industries and habitat destruction. Hence, this present study aimed at 

investigating various biological parameters, artificial breeding and rearing conditions 

to be used for horseshoe crab’s conservation. The first stage of this study was aimed at 

studying the effect of captivity on hemolymph quality for the purpose of LAL 

production, and sperm traits of T. gigas for captive spawning and rearing studies. The 

second stage of this study focused on captive spawning and rearing of T. gigas for the 

restocking/repopulation purpose. The third stage aimed at identifying pathogens that 

caused mortality during captive breeding and rearing studies. Effect of captivity was 

assessed in wild and captive horseshoe crabs (5 month captivity) collected from Balok 

beach, Kuantan, Pahang. The blood was collected in 6 different anticoagulant 

formulations (A, B, C, D, E and F) and amoebocyte cells’ density, viability and 

morphology were investigated. While the sperm was collected from wild and captive 

horseshoe crabs by massaging the gonads and sperm density and viability were 

studied. Optimum captive spawning and rearing of T. gigas conditions were then 

investigated. Importance and type of sand substrates (no substrate, coarse sand and 

fine sand) as well as the addition of fish oil (CLO) to T. gigas’s feed were studied to 

improve captive spawning. While differential microalgae feeds (Isochrysis, Spirulina 

and Isochrysis +Spirulina) were studied to induce molting and improve survival of T. 

gigas instars. Pathogens that infected T. gigas’s adults and eggs were isolated and 

cultured in various media and culture conditions. Genomic DNA extraction, PCR 

amplification and DNA sequencing were carried out. Molecular identification of the 

pathogens was carried out using partial sequencing of 16S rRNA gene for bacteria and 

ITS gene for fungi. Captivity was found to have profound negative effect on blood 

and sperm parameters. However, sperm traits showed that it is encouraging for 

restocking and sea ranching approach. T. gigas preferred spawning in moderately well 

sorted ( = 0.52) sand substrate with mean size (X) of 2.57. Captive spawning was 

then further improved by 9 fold using fish oil (CLO). While Isochrysis at 

concentration of 7.5 million cells/L induced and accelerated molting in T. gigas instar 

stages. Aeromonas caviae strains were isolated from the gill fluid, while 

Lysinibacillus fusiformis strains were isolated from gill tissues of adult T. gigas. 

Aspergillus aculeatus strains were isolated from infected eggs. It can be concluded 

that LAL kits can’t be developed and prepared by bleeding captive T. gigas. However, 

captive spawning and rearing could be a better approach and the most viable option 

for the restocking/repopulation of T. gigas. The diversity of the pathogens and their 

varying targets indicated the need for more studies on the design, feed and aquarium 

parameters used for maintaining horseshoe crabs in laboratory settings. 
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 خلاصة البحث

 وعلف الزراعية، الأسمدة مثل صناعة الصناعات، من الحصان في العديد حدوة سرطان يسُتغل

 الحيوية، الطبية والصناعات كطعام، تناوله من تأتي الكبرى لهذا الحيوان التهديدات ولكن الماشية،

 الاصطناعية والتربية الحيوية المختلفة، العوامل دراسة هذا البحث إلى هدف ولذلك. بيئته وتدمير

 جودة على التربية المغلقة تأثير دراسة إلى البحث من الأولى المرحلة هدفت .وظروف الإستكثار

المنوية  الحيوانات وخصائص (،LALسائل تفكك الأميبات السرطاني ) المستخدم لإنتاج الهيموليمف

 هذه من الثانية المرحلة ركزت. الاستكثار والتربية المغلقة ( لدراساتT. gigas) لتاكيبليوس جيغاس

هدفت  .الإسكان في البرية التخزين أو إعادة وتربية تاكيبليوس جيغاس لإعادة الاستكثار على الدراسة

 دراسات الاستكثار أثناء نفوق السرطانات كانت وراء التي الميكروبات تحديد إلى الثالثة المرحلة

تربية )والمربى  البري الحصان حدوة سرطان دراسة تأثير التربية المغلقة على تم .والتربية المغلقة

 الدم جمع تم. ية باهانجبولا بالوك في مدينة كوانتان شاطئ من الذي تم جمعه ( أشهر 5مغلقة لمدة 

 الأميبات، خلايا في كثافة ( وتم التحقيقF، وE، وD، وC، وB، وAللتخثر ) مضادة تركيبات 6 في

والمربى  البري الحصان حدوة من سرطان المنوية الحيوانات جمعبينما تم  .وتشكلها وحيويتها،

ثم تمت  المنوية. وحيوية الحيوانات كثافة التناسلية، ومن ثم تمت دراسة الغدد تدليك طريق عن داخليا

تمت دراسة أهمية  .لتاكيبليوس جيغاس دراسة أفضل عوامل التربية الاصطناعية وظروف الإستكثار

السرير الرملي والنوع المناسب )بدون سرير رملي ، سرير رملي خشن و سرير رملي ناعم( 

في تحسين الاستكثار  س جيغاسالتاكيبليو( إلى غذاء CLOبالإضافة إلى أثر إضافة زيت السمك )

تم دراسة عدد من الطحالب الدقيقة كغذاء )الإيسوكريسيس، والسبيرولينا، و  أيضا في التربية المغلقة.

ثم   الإيسوكريسيس مع السبيرولينا( للحث على الانسلاخ وتحسين فرص العيش في الأطوار الأولية.

وزراعتها في مختلف  التاكيبليوس جيغاستم عزل الميكروبات التي أصابت حيوانات وبيض 

بينما تم تحدد عن طريق استخراج الحمض النووي  الوسائط الميكروبية وتحت مختلف الظروف.

 DNA(، و من ثم معرفة التسلسل النووي )PCRالجينوم، تفاعل البوليميراز المتسلسل )

Sequencing.) ل جزئي لجين تم تنفيذ التحديد الجزيئي للميكروبات باستخدام تسلسrRNA 16S 

 كبير سلبي تأثير لها التربية المغلقة من خلال هذه الدراسة أن استنتج للفطريات. ITSللبكتيريا وجين 

أن التربية  المنوية الحيوانات سمات أظهرت ذلك فقد ومع. المنوية والحيوانات الدم على معايير

ج أيضا أن التاكيبليوس جيغاس يفضل الاستكثار استنت .البحرية والتربية التخزين لإعادة المغلقة كافيه

ثم تم تحسين  . X2.57)ومتوسط الحجم )  = 0.52)في سرير رملي خشن معتدل الفرز )

(. في حين أن طحلب CLOأضعاف باستخدام زيت السمك ) 9الاستكثار في التربية المغلقة بمقدار 

لتر حفز وسرع الإنسلاخ في الأطوار  مليون خلية لكل 7.5( بتركيز Isochrysisالأيزوكريسيس )

من السائل الخيشومي, في حين تم عزل  Aeromonas caviaeتم عزل سلالات  الأطوار الأولية.

بينما إتضح أن  من أنسجة خياشيم التاكيبليوس جيغاس. Lysinibacillus fusiformisسلالات 

 . Aspergillus aculeatusأصيبت بفطر ال  الأحواض في المنتجَةالتاكيبليوس جيغاس  بيوض

يمكن تلخيص نتائج هذه الدراسة في أن التربية المغلقة لها تأثير سلبي كبير على جودة هيموليمف 

بعملية إنزاف هيموليمف  LALالتاكيبليوس جيغاس وبالتالي ليس من الممكن تطوير وإنتاج الــ 

للتطبيق هو التبويض بالاستكثار المغلق  التاكيبليوس جيغاس المربى داخليا، ويعد الخيار الأكثر قابلية

المختلفة  تنوع، ومعدل والأهداف دعى لإعادة تخزين أو إعادة إسكان التاكيبليوس جيغاس في بيئته.

 نوعية ومعايير الأحواض و تصميم على الدراسات من مزيد إلى الحاجة الميكروبية إلى للعدوى

 الحصان مخبريا. حدوة المستعملة في العناية بسرطان الأغذية
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Fossil specimens of Horseshoe crab (HSC) that are as old as 540 million years have 

been found, hence HSC is known as “living fossils” (Rudkin & Young, 2009). This 

iconic species survived numerous extinction periods, ice ages, fluctuating atmospheric 

CO2 and adjusted to dangerously low sea level (Loveland & Botton, 2015). Despite 

that, coexisting with human might be the biggest challenge to HSC species survival. 

There are four HSC crab species, namely, Limulus polyphemus, Tachypleus 

tridentatus, Tachypleus gigas and Carcinoscorpius rotundicauda. The International 

Union for Conservation of Nature (IUCN) red list for threatened species lists Limulus 

polyphemus as “Vulnerable (VU)”, while the other three species are all categorized as 

“Data Deficient (DD)” (Smith, Beekey, Brockmann, King, Millard, & Zaldívar-Rae, 

2016; World Conservation Monitoring Centre, 1996a,b; Williams, 2013). 

Horseshoe crab has been heavily harvested in fishing industry both as a bait 

and commodity, fertilizer for agriculture and as livestock feed (Carmichael & Brush, 

2012; Kreamer & Michels, 2009). Yet, the biggest threat to HSC populations is 

possibly habitat degradation due to anthropogenic activities (Carmichael & Brush, 

2012; Nelson et al., 2016b) and biomedical bleeding for the production of Limulus/ 

Tachypleus Amoebocyte Lysate (LAL/TAL) (Akbar John, Jalal, Yunus, & Kasim, 

2010; Kreamer & Michels, 2009).   

This lead to serious decline in HSC populations, and a sustainable model for 

HSC utilization must be implemented urgently. One approach that can aid in the 

conservation of horseshoe crab is via aquaculture of horseshoe crab and captive 
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breeding, where each biomedical company can have a predetermined horseshoe crabs 

for LAL industry. This approach not only protect wild horseshoe crab populations, but 

also eliminate quantitative as well as qualitative variation between various 

manufacturers and batches previously reported, this is because the environmental 

conditions and feed of the animals are identical (Hurton, Berkson, & Smith, 2005; 

Novitsky, 2009). However, horseshoe crabs kept in captivity suffer from numerous 

infectious diseases caused directly or indirectly by various protozoa, bacteria, fungus, 

algae and parasites. Captive crabs are also in the risk of suffering from non-infectious 

disease such nutritional deficiencies, physical trauma, abnormal developmental, and a 

number of liver, kidney and intestinal diseases (Nolan & Smith, 2009). Development 

of these diseases was monitored in this study and counter measures were attempted.  

Another approach is to study the potential of captive breeding and rearing 

techniques for the purpose of restocking/repopulation (Li, 2008; Nelson et al., 2016b; 

Shuster & Sekiguchi, 2003). Captive rearing of horseshoe crabs has been reviewed by 

Carmichael and Brush (2012) and the main issues reported were variation and 

inconsistency of data collection and reporting. For example, the aquarium conditions 

that are frequently reported are temperature, salinity and diet composition, while the 

author suggested the addition of other parameters such as dissolved oxygen, substrate 

as well as the quantity and frequency of feed. The authors also stressed on the 

importance of publishing these data in peer-reviewed journals to facilitate data 

sharing. These suggestions were considered and implemented in this study. The study 

was designed to explore both approaches and address challenges and limitations 

encountered by previous studies and the findings from this study could help directly in 

the conservation of horseshoe crab. 
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1.2 SIGNIFICANCE OF STUDY 

Medically, horseshoe crab is virtually the only source of Limulus Amoebocyte Lysate 

(LAL), which is very crucial for the health and wellbeing of human. LAL is used in 

various industries such as pharmaceuticals, parenterals, vaccines, food quality, and 

many more to detect endotoxins. The LAL could also be used to monitor water 

quality, air quality and environmental quality assessment (Akbar John, Yunus, Jalal, 

& kassim, 2012; Swan, 2001; Wachtel & Tsuji, 1977).  

Environmentally, horseshoe crabs are part of a bigger ecosystem and its 

population decline is associated with the decline of other species such as migratory 

shorebirds. Birds such as red knot (Calidris canutus), herring gulls (Larus argentatus), 

crows (Corvus splendens) and great black-backed gulls (Larus marinus), fish such as 

killifish (Fundulus heteroclitus), Atlantic silversides (Menidia menidia), loggerhead 

turtles (Caretta caretta) and Hermit crabs (Pagurus longicarpus) all feed on 

horseshoe crab eggs and trilobite larvae, hence could be affected by any decline in 

horseshoe crab populations. L. polyphemus, T. tridentatus and C. rotundicauda were 

highly associated with the population of invertebrates such as molluscs, polychaetes, 

bivalves and gastropods, while the number of juveniles is closely related to the 

population of phytoplanktons such as algae (Botton, 2009; Mizrahi & Peters, 2009). 

In research, horseshoe crab, being a living fossil, could be a key to 

advancements in various fields such as biology and physiology. It has been in 

diagnostic medicine to detect fungi (McCarthy, Petraitiene, & Walsh, 2017; Ramanan, 

Wengenack, & Theel, 2017), isolating new antimicrobial agent (Józefiak & Engberg, 

2017), immunology studies (Armstrong, 2016), in evolution studies (Pathak, Singh, 

Thirumalai, Armstrong, & Agrawal, 2016) and cancer research (Eitel, Hendrickson, 

Heyl-Clegg, Evans, & Guthrie, 2017).  
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Hence, its utmost important to carry on any research that can aid directly or 

indirectly in conserving horseshoe crabs. 

 

1.3 RESEARCH OBJECTIVES 

The study aimed to achieve the following objectives:  

1- To evaluate the effect of captive breeding on hemolymph quality and 

sperm traits of T. gigas. 

2- To determine and improve spawning success of T. gigas in captive 

conditions. 

3- To study the effect of various microalgeal feed on growth and mortality of 

T. gigas instars. 

4- To study pathogenesis in T. gigas during captive breeding and rearing. 

 

1.4 RESEARCH QUESTIONS 

1. To what extent does captivity impair the quality of T. gigas hemolymph 

quality and sperm traits? 

2. What are the necessary husbandry systems for captive spawning of T. 

gigas? 

3. What hatchery system and feed can support captive rearing of juvenile  

T. gigas? 

4. What are the pathogens that infects T. gigas adult, juvenile and eggs kept in 

captivity? 
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1.5 RESEARCH HYPOTHESES 

Hypothesis 1: Captivity does not significantly affect blood and sperm traits in  

T. gigas. 

Hypothesis 2: The use of sand substrate may significantly improve spawning 

of T. gigas, especially egg production.  

 

Hypothesis 3: The addition of fish oil to T. gigas feed may significantly 

improve spawning, especially egg production. 

 

Hypothesis 4: Addition of microalgae as feed may significantly improve 

molting and survival in T. gigas instars. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 HSC BACKGROUND 

2.1.1 Taxonomy 

Horseshoe crab is a marine animal that descends from Arthropoda’s phylum, 

classified under the class of Merostomata and order of Xiphosurida. They belong to 

the Limulidae family (Hemstock, 2014; Hong et al., 2009). Horseshoe crabs are more 

closely related to spiders and insects than to crabs (Yunus, Akbar John, Kasim, & 

Jalal, 2011). There are four species of horseshoe crab (Figure 2.1) that are classified 

under three different genera and assigned to two families. There is the Limulus 

polyphemus that belongs to Limulidae family, and Tachypleus tridentatus, T. gigas, 

Carcinoscorpius rotundicauda under Tachypleinae family (Sekiguchi & Shuster, 

2009). 

In Malaysia, three out of the four species of horseshoe crabs are found along 

the Malaysian coastal waters. T. tridentatus is found only in Sabah and Sarawak 

regions, while T. gigas and C. rotundicauda are distributed along the coast of 

Peninsular Malaysia (Kasim, Izyan, Siti Hamidah, Yunus, & Ahmed, 2011; Kassim, 

Shahuddin, Shaharom, & Chatterji, 2008; Zaleha, Hazwani, Hamidah, 

Kamaruzzaman, & Jalal, 2011). 

 

2.1.2 Horseshoe Crab’s Body Morphology 

The body of horseshoe crab consists of three parts, the front part is Prosoma, a middle 

part called Opisthosoma and Telson (tail-like) (Figure 2.2). The horseshoe crab 


