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The prevalence of gregarine parasites in wild bivalves is an important indicator for
the sustainability of ecosystem health due to interdependence to survive. The data
or information of the health status of wild bivalves is important for commercial
crustacean culture in the future. All prominent species in the Setiu Lagoon of
Terengganu state, are economically important due to the use for both local
consumption and commercial in the region. This study will be an important report
that can be explored regarding this parasite for the future research, tackling
problems and future perspectives. The study of this parasite in the wild population
has not been previously reported This undertaken study is important to ensure that
the infection of this parasite will not cause a problem for the commercial bivalve’s
aquaculture in Malaysia. This data obtained can be used to develop a better
treatment and quarantine procedure for aquaculture. Ecosystem health status is
very important to secure the future of the crustacean culture industry. This study
was done to prove the existence of parasites species that commonly infect the
bivalves and crustacean species in Malaysia. The detailed correlation between the
prevalence of the parasites and environmental factors such as season and water
quality that contribute to the intensity of the parasites are of important concern. It
is important to know this information to elaborate on the complete lifecycle of this
gregarine. Moreover, diagnosis of this parasite is also important to safeguard our
aquaculture industry for our national future food security. The furbished
information of the occurrence of the gregarine parasite will be a platform for future
study in many perspectives such as development of vaccines and treatment to
cure the infection. Moreover, the gregarine parasites species identification in the
natural host environment is the main undertaking to be clarified. Furthermore, the
study of proper prophylaxis and treatment has yet to not reported for this parasite.
Importantly, results of the current study recorded that wild marine bivalves
Anadara cornea (Reevel844) is a new host for gregarine species-genus
Ascogregarina. However, further study needs to be explored to detail out the
specific information for this species as to elucidate a comprehensive overview of



described species of the genus Ascogregarina from wild bivalves, Anadara cornea
(Reeve 1844), including taxonomy, lifecycle, pathogenicity and host specificity
features. The study of outbreak of this parasites infection during the rainy season
should include the sedimentation analysis for better correlation of significant factor
of infection. The selection of intermediate host candidates should be varied i.e.,
shrimp, prawn, tubeworm etc. to confirm the specific host for this parasite.
Samples were collected monthly throughout 2018 in the seagrass bed area at
Setiu lagoon, Terengganu, Malaysia. Forty samples were collected each month to
determine the occurrence and prevalence of the parasites. The correlation
between the prevalence, water quality and the seasonal factor were critically
observed. The general objective of this study are to record the occurrence of
gregarine parasites in wild marine bivalves Anadara cornea (Reeve, 1844) from
Setiu lagoon, Terengganu, Malaysia. From the study, the total number of parasites
count was n = 33,239 phagocytes from n = 480 of host samples. The total yearly
prevalence of the parasites was 97.5% with a 95% confidence interval value which
was Cl=96.1% to 98.9%. The prevalence of the parasites was significantly high
during the rainy season compared to other season (Dry and Moderate). The
findings also proved that the intensity of the parasites decreased at every transition
of season. The higher the level of ammonia, the lower number of parasites found.
The morphological characteristic of the species was also described and the
species was been confirmed by DNA analysis and found to be closely related to
Ascogregarina sp. The histopathological study proved that the infections of this
parasite did not induced any serious effect in the host body. The in-vitro infectivity
test between intermediate host, A. cornea (Reeve, 1844) and definitive host,
Scylla sp. showed a negative result as no transmission occurred between both
target species. It was assumed that Scylla sp. was not a definitive host for this
bivalve gregarine. This study is the first report of gregarine infection in wild marine
bivalves, A. cornea (Reeve, 1844) from Setiu Lagoon, Terengganu, Malaysia. This
study provided novel information on the prevalence of gregarine parasites and
seasonal infection in host species in the Setiu Lagoon, and will help to optimize
sustainable management strategies for use in their native environment and wildlife
conservation.
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Prevalen parasit gregarin dalam kerang dwicenkerang liar adalah petunjuk penting
untuk kelestarian kesihatan ekosistem kerana saling berkait untuk terus hidup.
Data atau maklumat untuk status kesihatan dwicenkerang liar adalah penting bagi
menjamin penghasilan produk komersial pada masa akan datang. Kesemua
spesies kerang-kerangan yang biasa ditemui di Laguna Setiu, Terengganu,
adalah penting dari segi ekonomi kerana penggunaan untuk kegunaan tempatan
dan komersial di rantau ini. Kajian ini akan menjadi data penting yang berpotensi
untuk diterokai dalam mendalami ilmu mengenai parasit ini berdasarkan asas
penyelidikan masa lalu dari aspek permasalahan dan perspektif di masa depan.
Sehingga kini belum ada satu kajian mengenai parasit ini dalam populasi
dwicenkerang liar. Kajian ini penting bagi memastikan jangkitan parasit ini tidak
menimbulkan masalah kepada industri akuakultur komersial di Malaysia. Data ini
boleh digunakan untuk membangunkan prosedur rawatan dan kuarantin yang
lebih baik untuk akuakultur. Status kesihatan ekosistem adalah sangat penting
untuk menjamin masa depan industri akuakultur negara. Kajian ini dilakukan untuk
membuktikan spesies parasit yang biasanya menjangkiti spesies dwicenkerang
dan krustasia di Malaysia. Dalam kajian ini, hubungkait yang terperinci antara
kelaziman parasit dan faktor persekitaran seperti musim dan kualiti air yang
menyumbang yang kepada kemandirian parasit adalah dititikberatkan. Adalah
penting untuk mengetahui maklumat terperinci dalam menghuraikan tentang
kitaran hidup lengkap parasit gregarin ini. Selain itu, pendiagnosan parasit ini
penting untuk menjamin kelestarian industri akuakultur untuk sekuriti makanan
masa depan negara. Maklumat terperinci mengenai kehadiran parasit gregarin
boleh menjadi platform untuk kajian masa depan dalam perspektif yang berbeza
seperti pembangunan vaksin dan rawatan untuk menyembuhkan jangkitan. Selain
itu, perumah spesies parasit gregarin perlu dikenalpasti dalam persekitaran
semulajadi perlu diperjelaskan. Kajian profilaksis dan rawatan yang tepat belum
pernah dilaporkan lagi terutamanya untuk parasit ini. Oleh itu, berdasarkan hasil
kajian semasa kajian ini merekodkan bahawa dwicenkerang liar Anadara cornea



(ReevelB844) adalah perumah baharu bagi spesies gregarin genus
Ascogregarina. Walau bagaimanapun, kajian lanjut perlu diterokai untuk
memperincikan maklumat khusus untuk spesies ini mengenai tahap
keupayaannya untuk membawa gambaran komprehensif spesis genus
Ascogregarina dari dwicenkerang liar, Anadara cornea (Reeve 1844) termasuk
taksonomi, kitaran hidup, patogenik dan ciri khusus perumah. Wabak jangkitan
parasit ini semasa musim hujan perlu perlu dikaji memandangkan parasit ini
mungkin mendiamkan diri semasa musim tersebut. Pemilihan perumah
sementara perlu diperluaskan kepada udang, ketam, cacing tiub dan sebagainya
untuk melengkapkan kitaran hidup khusus untuk parasit ini. Sampel kajian ini
dikumpulkan setiap bulan sepanjang tahun 2018 di kawasan rumput laut di
Laguna Setiu, Terengganu, Malaysia. Empat puluh sampel dikumpulkan setiap
bulan untuk melihat kehadiran dan prevalen parasit. Hubungkait antara prevalen,
kualiti air dan faktor bermusim diperhatikan secara kritikal. Objektif umum kajian
ini adalah untuk melaporkan kehadiran parasit gregarin dalam dwicankerang liar
Anadara cornea (Reeve, 1844) di Laguna Setiu, Terengganu, Malaysia. Daripada
kajian, jumlah kiraan parasit adalah n = 33,239 fagosit daripada n = 480 sampel
perumah. Jumlah kelaziman setahun parasit adalah 97.5% dengan nilai selang
keyakinan 95% iaitu CI=96.1% hingga 98.9%. Kelaziman parasit adalah jauh
tinggi semasa musim hujan berbanding musim lain (kering dan sederhana).
Penemuan itu juga membuktikan bahawa keamatan parasit menurun pada setiap
peralihan musim. Apabila paras ammonia meningkat, bilangan parasit ditemui
dalam kadar lebih rendah. Ciri-ciri morfologi spesies ini juga diterangkan dan
spesies ini telah disahkan melalui analisis DNA dan berkait rapat dengan
Ascogregarina sp. Kajian histopatologologi membuktikan bahawa jangkitan
parasit ini tidak menunjukkan apa-apa kesan serius pada badan perumah. Ujian
kebolehjangkitan in-vitro antara perumah sementara A. cornea (Reeve, 1844) dan
hos muktamad Scylla sp. menunjukkan hasil negatif kerana tiada penularan
berlaku antara kedua-dua spesies sasaran.Oleh itu, Scylla sp. dianggap bukan
perumah muktamad untuk gregarin ini. Kajian ini adalah laporan pertama
jangkitan gregarin dalam dwicenkerang liar, A. cornea (Reeve, 1844) dari Laguna
Setiu, Terengganu, Malaysia. Kajian ini menyediakan maklumat asli mengenai
kelaziman parasit gregarin dan jangkitan bermusim dalam spesis perumah, yang
akan membantu mengoptimumkan strategi pengurusan mampan untuk digunakan
dalam persekitaran asal dan pemuliharaan hidupan liar.
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CHAPTER 1

INTRODUCTION

Farming of bivalves nowadays are become important activities throughout
Malaysia (Poutiers, 1998; Hamli et al., 2012). This form of aquaculture
contributes to Malaysia’s economy and provides a sustainable, efficient source
of seafood in an era when over-exploitations and over-fishing threatens the
world’s marine ecosystems (Kripa et al., 2003; Laxmilatha et al., 2007; Ihwan et
al., 2017). In the estuarine/marine environment the production systems of
commercial bivalve culture are basically in raft system especially for mussel and
oyster, and commonly bottom culture for cockle (Nakao et al., 1989;
Nateewathana, 1995; Sallih, 2005; Page, 2011).

Most of mollusk, especially bivalves species are fully utilized as seafood in
Malaysia, Thailand, Indonesia and Philippines and other Asian countries. In
Malaysia, total production of edible brackish water bivalves was 54% followed
by shrimp and prawn at 17.3% and marine fish at 6.3% (Hamli et al., 2012). Since
bivalve culture was categorized as one of aquaculture sector, its becomes a
priority sector under the Third National Agriculture Policy (NAP3). Total
production of crustaceans and mollusks, fresh, chilled, frozen, salted, dried
including bivalves exported from aquaculture was 76397.81 metric tonnes
(RM1,299,642,901), recorded in 2016 (DOF, 2016). However, the number of
published documents regarding to bivalve study in Malaysia were not
progressively reported (Nakao et al., 1989; Abu-Hena et al., 2004; Sallih, 2005;
Abdullah et al., 2007; Idris et al., 2011; Hamli et al., 2012).

Disease problem is one of the serious threats for the aquaculture production
(Tuntiwaranuruk et al., 2004; 2008; Ihwan et al., 2016). Diagnosis of parasite
and monitoring for disease pathogen presence in farms and natural bivalve
populations need to be intensively practice to secure the Malaysian aquaculture
industry in future. This kind of activities will ensure the long-term sustainability of
the pristine shellfish populations and their aquaculture industry (Poutier, 1998).

Protozoan parasite is one of the important threats in farmed bivalves that is well
recognized nowadays especially in the aspect of biology and life-cycle (Levine,
1976; 1977; 1979; 1981; 1988). Potential destructive effect on development of
bivalve industry in relation to disease problem is well-recognized. This problem
could be one of the factors that can caused a serious impact to the production of
bivalve cultured industry. Most of the previous report assumed that the primary
factors that attributed to the parasite outbreaks was poor environmental
condition.

Gregarine was categorized as one of the protozoan parasites that generally
reported not to cause serious effect to their host (Desportes and Schrevel, 2013).



Some of the gregarine parasite hosted in the commercially cultured species such
as shrimp, prawns, crabs and bivalves (Setna and Bhatia, 1934; Jones et al.,
1994; Clopton, 2002; Jimenez et al., 2002). Most of this cultured species may
potentially be infected by this parasite and make them as an intermediate and
definitive host (Ball, 1938; 1959; 1963). From previous reports most of the
gregarine infection cases indicated that they started from 1800°. In most cases
the present of gregarine protozoan parasite infection in wild and cultured
populations showed a level of prevalence up to 41% in bivalves and widely
spread in shrimp with a prevalence of 10 to 90%. (Humphrey et al., 1998;
Humphrey and Norton, 2005; Peter et al., 2010 and Maguregui, 2020).

In Malaysia, detailed study of gregarine parasite was scanty especially in the
bivalves. Most of the infections were reported from the imported bivalves. There
was a report on this parasite which originated from bivalve species imported from
Thailand (Kua and Taha, 2004). Recently, there was a local detection from
bivalves cultured in Penang, Johor, Terengganu and Sabah (Kua et al., 2013;
Marina et al., 2015). In Thailand, most of the problem reported regarding to
protozoan disease was heavy infestation with Nematopsis spp. particularly in
Perna viridis which had caused heavy annual losses in the green mussel industry
(Tuntiwaranuruk et al., 2008). Currently, there was also a report of mortality
cases in the shrimp culture that has been associated with this parasite (Jones et
al., 1994). Nevertheless, preliminary study made on this parasite showed a high
infection prevalence in the Hairy cockle, Anadara cornea (Reeve, 1844) and
another commercial bivalve from East coast of Peninsular Malaysia (Ihwan et
al., 2018a; 2018b).

Furthermore, a previous study done indicated that this parasite probably showed
effects in the epithelial cell by the penetration of trophozoites into the gills,
muscles and intestinal wall of the infected host (Stephen et al., 2005; Walker et
al., 2007; Rueckert and Leander, 2008). This method of cell penetration could
make real damage to the host if the number of parasites was in high intensity. It
also showed that severely infected in shrimp will manifested yellowish
discoloration in the midgut as seen through the cuticle of the host abdomen
(Bower, 1996).

Bivalves is main sources of food for crustaceans such as crab and shrimp/prawn
in the natural environment. Cockles genus Anadara sp., Mud crab genus Scylla
sp. and giant freshwater prawn genus Macrobrachium sp. are commercial
species that are highly cultured and produce in Malaysia. Currently, the culture
of mud crab and prawn are depending on wild live food as a source of nutrient
particularly to give enough supplement to stimulate hormone production for
broodstock to breed and enhanced their eggs production (Colin and Alessandro,
2011). If the source of live food for these species cultured is not properly secure
and managed, the possibilities of the cultured species can be as intermediate
host to the parasites is high.



The aquaculture research nowadays has been focusing more on the diseases of
fish and shrimp rather than crab and prawn. Currently, there is an overdemand
for mud crabs and prawns that has led to over-exploitation in many areas
(Keenan, 1998). Industry of mud crab and prawn culturing needs to apply proper
and sustainable strategies in the culture procedures in order to fulfill the high
demand of mud crab and prawn as exotic seafood. Few studies on crab disease
have been published in Malaysia even though this species was cultured for
commercial purposes for sometime. However, no comprehensive studies about
gregarine parasites infection and its effect to the aquaculture industry of wild mud
crab and prawn has been done. In Malaysia, studies about gregarine parasites
in aquatic species are poorly known especially to the important commercial
crustacean species. This group of parasites is reported nowadays as indicated
by a preliminary study done to determine the occurrence of gregarine parasites
in wild bivalves at Setiu Lagoon Terengganu, Malaysia. Even mortality cases
have been reported. Thus, if this problem is not promptly control, it will affect the
aquaculture sector and seafood trading industries locally and worldwide.

The international organization that controls of the quality of exported seafood
species such as OIE will basically banned the countries that break the rules and
regulation in unsustainable culture method and disease control. The occurrence
of the gregarine parasites will affect Malaysia seafood export industry if the
quality of the seafood produced is not safely monitored and control. It is very
important to control this problem as to ensure the quality of bivalves and
crustacean production always in accordance to an international safety standard
especially for Malaysia food safety. Currently, there is no detectable symptom to
determine the occurrence of this parasite. So, it is farmer and stakeholder’s
responsibility to follow export protocols of international standard such as
guarantine procedure in order to prevent this problem.

The prevalence of gregarine parasites in wild bivalves is important indicator for
sustainability of ecosystem health due to interdependence to survive. The data
or information for health status of wild bivalves is important for commercial
crustacean culture in the future. All prominent species in the Setiu Lagoon of
Terengganu state, are economically important due to the utilisation for both local
consumption and commercial market in the region. Thus, this undertaken study
will be an important report that can be used and explored for future research,
problems shooting and other economic perspectives.

Preliminary study of gregarine parasite in the wild bivalves population has yet
been reported. Thus, this study is important to ensure that the infestation of this
parasite will not cause a problem for the expanding commercial bivalve’s
aquaculture in Malaysia. The data obtained can be used to develop a better
treatment and quarantine procedure for the bivalves aquaculture. Ecosystem
health status is very important to secure the overall future of crustacean culture
industry.



This study was undertaken in order to determine the species of parasites that
commonly infecting species of bivalves and crustacean in Malaysia. Beside that,
an in-depth and detailed correlation between the prevalence of the parasites and
environmental factors such as season and water quality that might contributed
to the intensity of the parasites infestation needs to be clarified. It is important to
know detailed information in order to understand the complete lifecycle of this
gregarine. Moreover also, rapid and correct diagnosis of the parasite infestation
are important to safe guard the national aquaculture industry for sustainable
future food supply. The comprehensive information of the gregarine parasite
occurrence can be a platform for future study in different perspectives such as
development of vaccines and treatment to cure the infection. Importantly,
species identification of the gregarine parasites in the natural host and
environment needs to be urgently clarified.

Thus, the hypothesis of this study was the occurrence of gregarine parasites is
present at a level equal to or greater than found in the bivalve compared to mud
crab and prawn. The mean intensity of gregarine parasite occurrence in the
bivalves is also increased during the rainy season than a dry season. It also has
the potential to infect other crustacean species such as crab and prawn. The
bivalve is the intermediate host for gregarine parasites to transmit into the crab
as a definitive host. The required level of confidence in the surveillance study is
greater than or equal to 95 %.

The objectives of this study were:

1. to investigate the occurrence of gregarine parasite in wild bivalve
species from Setiu Lagoon, Terengganu.

2. to identify the species of gregarine parasite from wild Hairy cockle,
Anadara cornea (Reeve, 1844) found in Setiu Lagoon, Terengganu.

3. to determine the prevalence of gregarine parasites in wild Hairy cockle,

Anadara cornea (Reeve, 1844), Mud crab, Scylla sp. and Giant
freshwater prawn, Macrobrachium rosenbergii (De Man, 1879) from
Setiu lagoon, Terengganu.

4. to correlate the association of gregarine parasite occurrence in the host
with seasonal changes and water qualities.

5. to determine the oral transmission of gregarine infection from infected
Hairy cockle, Anadara cornea (Reeve, 1844) as food to the Mud crab,
genus Scylla.
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APPENDICES

Appendix Al

MEGA-X Software DNA Analysis

a. MEGA User Mode

MEGA can be used with either a graphical user interface (useful for visual
exploration of data and results) or a command-line interface (useful for batch
or scripted execution). The graphical user interface (GUI) is run in one of two
modes. The first mode is the Analyze mode in which all GUI tools in MEGA
are enabled and visual results explorers are available for tasks such as editing
sequence alignments and viewing phylogenies. This is the mode that most
MEGA users are familiar with. The second mode is the Prototype mode which
is used solely for generating MEGA Analysis Options (.mao) files that specify
analysis settings when using MEGA from a command shell. The command-
line interface of MEGA is accessed by opening a command shell and
executing the megacc command. The megacc command requires several
options, including the path to a .mao file and paths to input data file(s) to be
analyzed

138



Appendix A2

MEGA-X Software DNA Analysis

b. Aligning Sequences (using GUI)

MEGA supports sequence alignment using both the ClustalW and MUSCLE
programs. Alignment (or refinement) is done in the Analysis Explorer
(Alignment > Open Alignment Explorer from main menu). Software either can
start with a blank alignment (if we are importing sequences from NCBI, or don’t
have a compatible sequence file) or from a compatible sequence file. By key in
the sequences in the Alignment Explorer (AE), the select Alignment from the
menu can be preceded then either using ClustalW or Muscle. Set the alignment
parameters to the values that required or leave the options alone to use the
defaults. Click Compute/OK. Depending on the length and number of
sequences you may see a progress bar while the alignment is running. The
aligned sequences will replace the previously unaligned sequences in the
Alignment Explorer. The results may now export them to MEGA or Fasta format
for analysis.
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Appendix A3

MEGA-X Software DNA Analysis

c. Running an Analysis (using GUI)

(Note: Sequences MUST be aligned before analysis can proceed.)

Select the analysis required to run from the top toolbar in the main window and
are shown a list of options for this analysis. It can only change the options which
are drawn in a white box. Click Compute. Depending on the length of the
analysis you may see a progress bar while the analysis is running. The output
will appear as a Tree, Matrix, Text, etc. In most results there will be the option
to save your analysis. This usually resides in the File or Data menus of the
results window.
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Appendix B1
Experimental Design

Figure 2. Flow of Methodology for Objective.

Histological
Study

‘ —@\ Parasitological
?a Study
- \=%
& : Z

Note: All samples were examined for the species prevalence and mean
intensity.
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Appendix B2

Experimental Design

Figure 3. Flow of Methodology for Objective.

11

INCREASE DECREASE

Note: Sample that collected in objective 2 were group into dry, moderate
and rainy seasons to relate the occurrences of the parasites in the
respective seasons.
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Appendix B3

Experimental Design

Figure 4. Flow of Methodology for Objective.

WHAT IS A
SPECIES?

‘ ﬁ ﬂ

Note: Sample that collected were used for morphological characteristic
study and DNA application
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Appendix B5

Experimental Design

Figure 5. Flow of Methodology for Objective.

Note: In-vitro co-habitation test will be applied to confirm the horizontal
transmission from intermediate host to definitive host. Data DNA species
from objectives 2 will be used as a reference to detect the present of
gregarine in the crab after experiment. The result from both bivalves and
crab will be compare either species that was detect similar or different.
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Appendix C1

Figure 1. Altman’s Nomogram chart for sample size calculation.
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Note : Red line showed the suggested number for this sampling study.
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