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ABSTRACT 

Mitochondrial (mt) Deoxyribonucleic acid (DNA) loci have been employed in various 
marine taxa, including reef fishes with the objective of resolving phylogeny, 
assigning parentage and delineating haplotypes. In this study, complete mtDNA 
genome was sequenced and the D-Loop locus was applied to estimate the population 
status of the Humphead Wrasse (HHW) Cheilinus undulatus The Humphead Wrasse 
(HHW) is a long-lived reef-associated fish and the largest member of wrasses (family 
Labridae). However, it is endangered throughout its natural distributional range, 
primarily due to being a target in the Live Reef Fish for Food Trade. Specimens tissue 

were collected from three localities in Sabah, i. e. Kota Kinabalu, Sandakan and 
Semporna. The objectives of this study are 1) to sequence the mtDNA of the HHW, 

and 2) to identify population structure using D-LOOP of the HHW. The result of the 
sequencing data assemblies yielded six mitochondrial genomes and deposited into 
the National Center for Biotechnology Information (NCBI) with the accession number 
MH675879, MH675880, MH688049, MH688050, MH688051, MH688052. The result 
from AMOVA and overall Fst (-0.02914) showed that all three population absent from 

population structuring despite geographical distinct. The AMOVA showed a variation 
(100%) arise within the population instead among population. The neutrality test 
from Tajima' D (Kota Kinabalu: -1.825 and Sandakan: -1.009), and more sensitive 
Fu's Fs Statistic (Kota Kinabalu: -3.9844 and Sandakan-1.149), and mismatch 
distribution showed unimodal graph pattern suggested as C. undu/atus undergoes 
recent population expansion. Haplotype frequency analysis produce a total 25 
haplotypes whereas unique 11 haplotype is detected from three local population. 
High haplotypic diversity encountered in the Kota Kinabalu (0.682), Sandakan (0.902) 

and Sempona (1.000) and low nucleotide diversity in Kota Kinabalu (0.003), 
Sandakan (0.004), and Semporna (0.002), and starburst pattern of common 
haplotypes median joining network support C. undu/atus population expansion. The 
first genetic characterization data from mtDNA and all three populations structure 
analysis of C. undu/atus from Sabah study provide a new insight for conservation 
attention. 
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ABSTRAK 

ANALISIS GENOM MITOKONDRIA DAN PENCIRIAN GENETIK, 
HUMPHEAD WRASSE TERANCAM CHEILINUS UNDULATUS (R(1PPELL, 

1835) DA RI SABAH, MA LA YSIA 

Loci nukleik asid mitokondria to/ah digunakan dalam beberapa kajian ikan terumbu 
karang dengan tujuan menye%saikan filogeni serta asal usul dan menggambarkan 
haplotip. Dalam kajian inf, genom mtDNA lengkap telah d#ujukan serta locus d-loop 
digunakan untuk mengetahul status populasi spesis ikan Cheilinus undulatus (CU). 

Cu adalah spesis ikan terumbu karang yang dapat hidup lama dan ahli terbesar 
dalam keluarga Labridae di bawah turutan Perciformes. Namun, CU terancam di 

se/uruh habitat semulajadi kerana menjadi sasaran dalam Perdagangan Ikan 
Terumbu Karang Hidup. Tisu spesfinen dikumpulkan darf tiga kawasan di Sabah, 
faitu Kota Kinabalu, Sandakan dan Semporna. Objektif kajian ini adalah 1) untuk 
menjujuk urutan lengkap mtDNA genom darf HHW, dan 2) untuk mengenal past! 
struktur populasi CU menggunakan D-LOOP. Hasil data penjujukan menghasllkan 
enam gen mftokondrfa dan disimpan ke Pusat Kebangsaan Maklumat Bfotekno%gi 
(NCBI) dengan nombor asses! MH675879, MH675880, MH688049, MH688050, 
MH688051, MH688052. Hasil daripada AMOVA dan keseluruhan Fst (-0.02914) 

menunjukkan bahawa ketiga-tiga populasi tidak mengalami penstrukturan walaupun 
berbeza secara geograf. A MO VA menunjukkan varfasi (100%) timbul dalam populasi 
bukannya df antara populasi. Ujfan neutral darf Tajima 'D (Kota Kinabalu: -1.825 dan 
Sandakan: -1,009), dan statistik Fu s Fs yang lebih sensitif (Kota Kinabalu: -3.9844 
dan Sandakan-1.149), dan mismatch distribution menunjukkan corak grafik 
unimodal Justeru dicadangkan bahawa C. undulatus mengalami perkembangan 
populasi yang terdekat. Analfsis frekuensf haplotype menghasllkan sejumlah 25 
haplotip manakala 11 haplotip yang unik dikesan hasil dar! tiga populas! CU 
tempatan. Kepe/bagafan haplotip tfngg yang terdapat di Kota Kinabalu (0.682), 
Sandakan (0.902) dan Sempona (1.000) dan kepelbagafan nukleotida yang rendah 
di Kota Kinabalu (0.003), Sandakan (0.004) dan Semporna (0.002) turut menyokong 
bahawa CU mengalami perkembangan populasi yang terdekat. Data pencirian 
genetik pertama dar! mtDNA dan ketiga-tiga analisis struktur populasi CU dari Sabah 

memberikan pandangan baru untuk perhatian pemuliharaan yang segera. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 
Sabah is known for its outstanding diversity in both marine and terrestrial species. 

Geographically, Sabah is bounded by three seas, namely, South China Sea, Sulu Sea 

and Celebes Sea. These Sea combinations produced today's marine fish biodiversity. 

In addition, Sabah is located in the Coral Triangle which is a marine biodiversity 

hotspot with the largest density of coral fishes ever recorded. Sabah waters are 

natural habitat of the giant coral reef fish, Chei/inus undu/atus For the last few 

decades, C. undu/atus populations have been shown widely distributed in tropical 

waters. This species was mostly reported in Oceania, Great Barrier Reef (GBR), North- 

Western Indian Ocean, Red Sea and Western Pacific Ocean. Taxonomy-wise, C. 

undu/atus is a member of the wrasse family (Labridae) and a natural cleaner fish in 

coral reef ecosystems. The local community calls it "Mameng", "Ikan Licin", and "Ikan 

Sumei" while the international community recognise it as Humphead wrasse, 
Napoleon wrasse and Maori wrasse. In Malaysia, wild C. undu/atus populations are 

mostly distributed throughout western, northern and southern coasts of Sabah (Arai, 

2015; Chen & Ng, 2009). 

The wild population of C. undu/atus is under threat from Live Reef Fish for 

Food Trade (LRFFT) and natural habitat degradation. Together with other cousin 

species such as groupers (Serranidae), C. undulatus is recognised as a famous 

seafood item for the South-East Asian market. The "economic value" of C. undu/atus 
in LRFFT has contributed to the rapid shrinking of it's wild population. In addition, the 

illegal, unreported, and unregulated fishing (IUU) activities quickly drive C. undu/atus 

populations into a more vulnerable state. 



In the year 2003, early-stage conservation efforts introduced C. undu/atus as a 
threatened species under the International Union for Conservation of Nature (IUCN) 

Red List. As of 2019, C undu/atus is declared as endangered by the IUCN. Secondly, 

The Convention on International Trade of Endangered Species (CITES) has listed C. 

undu/atus under Appendix Two which states that any trade of C. undu/atus should be 

strictly controlled in the global market. The decrease in wild C. undu/atus population 

numbers within a human's life span has attracted the attention of marine 

conservationists around the globe. 

Physical and biological scientific data are needed to mitigate the extinction risk 

of C. undu/atus Molecular insights such as genetic structure, genetic variation and 

gene flow provide helpful input in conservation means rather than depending solely 

on annual fisheries landing statistics. Therefore, to understand the wild population of 
C. undu/atus, investigations based on molecular studies using genetic markers is 

required. Using the Next-Generation Sequencing (NGS)Technology Platform, the 

molecular markers, namely, mitochondrial DNA (mtDNA) and the control region (D- 

loop) are proposed in this study to highlight the genetic insight on C. undulatus from 

Sabah. To date, this study revealed the first complete mitochondrial genome of C. 

undulatus from Sabah. The first part of this study is the genetic characterization of 
the mtDNA which exhibits a total of 37 regions and the second part is the investigation 

of the population using D-loop regions. This study addresses the magnitude of the 

genetic diversity level within and between C undu/atus populations as reflected in 

their geographical differences. By comparing the differences, a selected population 

could be suggested for further conservation efforts such as artificial breeding 

programs. 

This genetic marker allows a comparison between populations based on their 

different geographical locations to be made. The selected population may reveal new 

opportunities for the species to survive overexploitation. It is crucial that C. undu/atus 

populations are monitored closely both biologically and physically. Hence, a suitable 

conservation management strategy could be improved using both means to reduce 
the extinction risk of C. undulatus. 
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1.2 Research Problem 

The strategies for implementing effective conservation and management practices in 

marine resources are justified by the current population stocks of Chei/inus undu/atus. 
Firstly, there is a research knowledge gap in the available information on C. undu/atus 
based on its genetic structures especially from Sabah waters. The investigations in 

this thesis therefore aims to contribute molecular insights of Sabah's giant coral reef 
fish. Secondly, such information will be crucial and will also be a cornerstone for the 

establishment and evaluation of the existing marine protected areas (MPAs) in Sabah. 

The findings from this study facilitates the selection of populations that are suitable 
for further conservation needs. This is done through investigations which highlight 

the significant genetic diversity in a given population area. The population with higher 

diversity could signify a higher fitness level. Thus, the said population may have better 

chances in population recovery programs such as artificial breeding as well as 
aquaculture-related programs. 

In addition, selecting the better breeds also has economic importance such as 

preventing unnecessary actions in management which may incur more costs. 
Focusing only on the targeted population in the known marine conservation area 

rather than covering the entire marine conservation area would require less 

manpower, time, and financial resources. Likewise, the establishment of marine 

protected areas based mainly on historical or biological data might need the input 

from molecular genetic data. Reliance on historical and oceanographic data might 
limit the actual understanding of this species in the wild. Therefore, this study 

proposed the D-loop population analysis of C. undo/atus will fill the research 
knowledge gap to benefit the future population recovery programs by selecting the 

most genetically diverse population. 

1.3 Objectives 

The objectives of this study were; 
(a) To produce the mitochondrial DNA sequence of Chei/inus undu/atus individuals 

from (1) Kota Kinabalu and (2) Sandakan. 

b) To identify polymorphic site in mitochondrion genome that represents Chei/inus 

undu/atus locality. 
3 



1.4 Research Approach 

There were three approaches to this study. The first strategy was the random 
sampling technique (Green, 1979). This was conducted by collecting the C. undu/atus 
specimens from the fish traders in different localities from local fish markets in Sabah. 

The second strategy was to use Next-Generation Sequencing (NGS) 

technology to sequence the complete mitochondrial genome of C. undu/atus The 

mitochondrial genome template with accession number KM 461717 was retrieved 
from NCBI depository to synthesize a total of six sets of primers which target C. 

undu/atus We applied the long amplification of six fragments of mtDNA genome for 

this species in Sabah. The generated sequence data from NGS was assembled de 

novo using the SPAde assembler (Bankevich et al., 2012) before corrected using 
Geneious version 11 (Kearse et al., 2011). 

The third strategy was the genetic characterization of C. undulatus mtDNA 

and the population analysis of C. undu/atus. The genetic characterization was done 

by annotating the correct gene position and gene arrangement using MitoFISH 

software. Next, a molecular phylogenetic tree analysis was used to construct the 

evolutionary relationships within the group of Labridae family. The suggested distance 

matrix method was Neighbour-Joining (Saitou and Nei, 1987) and p-distance was 

used in the nucleotide substitution model as it is versatile and less complex. The 

population analysis of C. undu/atus in this study was conducted using the D-loop 

region. Population structuring was detected using AMOVA and F51 (Reynolds et at. 
1983; Slatkin, 1995) fixation index. Demographic history analysis was estimated using 
Tajima's D test (Tajima, 1989) and Fu's Fs test (Fu, 1997). In addition, a population 

mismatch graph was constructed together with demographic expansion (Harpending, 

1994) and spatial expansion analysis. Next, the frequency of haplotype and the 

molecular diversity of the D-loop region among populations was included in end of 
this study and constructed using DNAsp (Rosas et at., 2003) software. Lastly, the 

median joining network analysis was visualised using PopARt software (Leigh and 
Bryant, 2015). 

4 



CHAPTER 2 

LITERATURE REVIEW 

2.1. General Physical Appearance and Sex Change of Chei/inus undulatus 

(Rüppell, 1835). 
Chei/inus undu/atusis a member of the Labridae family under the order of Perciformes 

which can attain over two meters in total length (TL) and is listed as one of the giants 

among reef fishes (Donaldson & Sadovy, 2001). This species is the longest living 

member of Labridae and has been reported to live up to 30 years (Sadovy et a/., 

2003). Globally known as Maori, Napoleon, Humphead Wrasse in English, So-Mei in 

Hong Kong, Southern China and Taiwan (Donaldson & Sadovy, 2001). In Sabah, it is 

known as "blaming/Mameng", "Ikan Licin" and "Sumei" by the locals (Daw et a/., 

2002). The famous naming of this species as Napoleon fish comes from symbolic 

trophy fish of Mr. Napoleon, a fisher and farmer in New Caledonia (Fourmanoir & 

Laboute, 1976). 

Male C. undu/atus usually grow larger than female members with the 

maximum recorded total length of two meters and weighing up to 190 kilograms 

(Donaldson & Sadovy, 2001). On the other hand, female C. undu/atus attained sizes 

of no longer than one-meter in length and weigh up to 90 kilograms. Like most reef 

fishes, morphological changes of C. undu/atus occur in its body colouration and 

physical form throughout its lifecycle. This accounts for its multiple names throughout 

the world. The external body colouration of C. undu/atus changes according to its 

maturity status (Sadovy de Mitcheson eta/., 2010). The early juveniles of C. undu/atus 

are black and white in external body colour. Meanwhile, the larger juveniles become 

pale green with a black marking on each scale forming two black lines from each eye. 



Adult C. undo/atus are often olive green to blueish green together with a spindle- 

shaped bar on each scale. A mature C. undo/atus body colour is dull blue or green 

before turning into green vibrant shades and purplish blue large scales (Donaldson 

& Sadovy, 2001). The forehead only starts to form when the body reached 35.0 cm 

to 50.0 cm total length (Liu et a/. ). For example, in larger adults, the forehead may 

reach its anterior to the level of the eyes and comes together with its fleshy lips 

(Randall et a/., 1978). Meanwhile, females of C. undu/atus reached the maturity 

stages at the ages of five years old with the total length (TL) between 35.00cm to 

50.0 cm (Sadovy et a/., 2003). The males continue to grow rapidly than its female 

counterpart. Choat et al. (2006) reported that males reach a TL of 140 cm. 

(b) 

Figure 2.1 : Chei/inus undulatus voucher specimen. The left figure (a) 

represents a preserved specimen and right figure (b) 

represent the actual colouration of mature adult specimen. 

Reef fishes are one of the remarkably diverse families among vertebrates due 

to their reproductive adaptations in their natural habitat. Reef fishes have the ability 

to change their sex especially when the male proportion is low. The Napoleon Wrasse 

is reported as a protogynous hermaphrodite species (Sadovy et al., 2010). 

Protogynous hermaphroditism is the ability of a species to change its gender from 

female to male at a later stage of life (Warner, 1988). A study showed that C. 

undu/atus females undergo sex change at the age of nine years old (Choat et al., 

2006). The lack of male opponents during mating season triggers female C. undu/atus 

to undergo hormonal changes. The hormonal changes cause the ovaries to transform 

into male testes and they develop male morphological forms (forehead) before they 

finally mate with another female. This phenomenon is known as sequential 

hermaphroditism and is common in reef fish reproduction stages. 
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2.1.1 Global Distribution, Habitat and Roles. 

Cheilinus undulatus is reported in warm water regions throughout Oceania from 

Indian Ocean to the Central Pacific Ocean, east coast of Africa and Red Sea 

(Donaldson & Sadovy, 2001). The global habitat distribution of C. undu/atusis mainly 
in coral reefs and inshore throughout much of the tropical water of Indo-Pacific 

(Sadovy et al., 2003). 

Figures 2.2 : Global distribution of C. undulatus The blue represents the 

natural occurrences of C. undulatus in the wild. 
Source Sadovy et al. (2003). 

The habitat preferences of C. undulatus vary based on its maturity stages. 
Like coral reef fishes, C. undu/atusare prone to select hard and soft branching corals 

community and sea grasses for habitat preferences. The juveniles tend to be more 

cryptic existences in areas of dense branching corals, bushy macroalgae or sea 

grasses, and shallow shady ranges that surround coral reef waters. Meanwhile, adults 

prefer habitats on the edge of the reefs, channels and reef passes which are mostly 
in shallow shady ranges. According to Sadovy etal. (2003), C. undu/atusis one of the 
large teleost fish that are often observed at depths of 0.5 m to 100 m. Jones et al. 's 

(2002) study suggests that most large-sized coral reef fish preferred large geographic 

ranges. 
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Chei/inus undulatusis known to be diurnally active (Chateau & Wantiez, 2007), 

they rest at night in crevices in the reef within the normal home range that differ from 

spawning site. Chei/inus undu/atus produce pelagic eggs and the larvae ultimately 

settle on or near coral reef habitats. The eggs are 0.65mm in diameter and are 

spherical with no pigments (Colin, 2010; Hutapea & Slamet, 2006). Most Chei/inus 

spp. larvae are typically small which ranges from 8.0mm to 11.00mm TL when they 

settle. The diets of C. undu/atus include ocean invertebrates such as molluscs, 

crustaceans and echinoderms (Randall et al., 1978). 

Chei/inus undu/atusplays crucial roles in ocean health by maintaining the coral 

ecosystem. Wrasses are well known as cleaners of the marine ecosystem (Sweatman, 

1995). Like other cleaner wrasses, C. undu/atus has a protruding jaw-like mouth for 

feeding purpose. It provides protection for the coral ecosystem by consuming sea 

urchins and crown of thorn starfish which are natural predators for coral reef species 
(Brodie et a/., 2005). The population of crown of thorn starfish is maintained at the 
lowest level possible with the presence of C. undu/atus. By regulating the populations 

of poisonous organisms such as thorn starfish and sea urchins, the surrounding 

ecosystem is kept at safe levels. By removing this key predator from the wild coral 

reef ecosystem, the coral reef's resilience is at risk. 

2.2 LIVE REEF FISH FOR FOOD TRADE 

The live reef fish for food trade (LRFFT) refers to the trade of live reef fish for 

consumption and ornamental purposes. The main exporter countries of LRFFT are 
Indonesia, Philippines, Australia, Malaysia, Thailand, Vietnam, Taipei and China (Lee 

& Sadovy, 1998). In addition, pacific countries such as Fiji, Maldives, Marshall Islands, 

Papua New Guinea, Seychelles, Singapore and Solomon Islands are reported to be 

involved in LRFFT (McGilvray & Chan, 2003; Sadovy et al., 2003). Recognised as one 

of luxury menu in seafood restaurants, C. undu/atus wild population is increasingly 

threatened across the Indo-Pacific as a consequence of LRFFT activities which is 

centralised in Hong Kong (Sadovy et al., 2003). The rise of LRFFT put this species 

population in danger more than any other factors. 
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For last few decades, live reef fish was supplied through wild-catch fisheries 

in the coral triangle region. This is due to taste preference as more consumers prefer 
the wild-caught fish from fish cultured in fish farms despite the fact that their tastes 

are difficult to distinguish. The reef fishes are often displayed alive in public aquaria 

especially in South East Asia seafood restaurants and fish markets. The culture of 
LRFFT is that consumers would select desirable live display reef fish before cooked 

and served in the restaurant, or the fish are brought back home (McGilvray & Chan, 

2002). 

The book written by Sadovy in 2003 mentioned that "consumer demand is 

perhaps the cause of the fish value's increase" (Sadovy et at., 2003). Chei/inus 

undu/atus is one of the highest priced items among the other live reef fish due to its 

good taste and the scarcity of the fish in nature which can exceed 100 US Dollar per 
kilogram (Lee & Sadovy, 1998). Besides consumer taste preferences, there are 

several factors which are linked to the high price of C. undu/atus The price is 

subjected to high transport cost by the trader, the risk of the fish dying during 

transportation and vagaries in the economic situation (El-nino effect on 2016). 

Therefore, it is a frequent target for the fisherman. 

Malaysia, Indonesia and Philippines are the three largest exporters of C. 

undu/atus This species has proved to have one of the highest retail values in South 

East Asia markets especially if caught alive (Lee & Sadovy, 1998; McGilvray & Chan, 

2003). In Sabah, the strong economic value is an incentive for fisherman community 

to target C. undu/atus This LRFFT has resulted in negative consequences on the fish 

natural population (Scales eta/., 2007). In addition, the rise of LRFFT introduced the 

fish cage culture using unmatured wild live C. undu/atus and since then became the 

popular aquaculture method in the north of Sabah. The wild-caught juveniles of C. 

undulatusthat have not reach the targeted size are raised in farm cages before they 

are sold back to the consumer (Biusing et al., 1999; Teh et al., 2005). 

Chei/inus undu/atus face similar threats with other live reef fish which are 

subjected to unmanaged fisheries industries. LRFFT has not only driven the 

destruction of the coastal population mostly in South, South East Asia and Pacific reef 
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