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CHAPTER 1
INTRODUCTION

1.1 Introduction

The blue-spotted mudskipper (Boleophthalmus boddarti) has many
physiological, morphological, and behavioral adaptations to live in mangrove areas
(Swanson & Gibb, 2004). Its muscles and pectoral fins are adapted to move
effectively on the mud flat. The gill chambers can tightly be closed when the
mudskipper is above water to keep the gill moist. With this method, they can use
oxygen while they are on mud flats during low tide period (Graham, 1997). The fish
can also be used as a bio-indicator for water quality and toxin in the mangrove
(Ansari et al, 2014). B. boddarti can generally be found along the coasts of the Gulf
of Thailand and Andaman Sea (Darumas, 1997). It spends most of its life in the mud
flat and river mount, especially mangrove areas. Therefore, it has been defined as
the true-resident in the mangrove (Clayton, 1993). As far as the life cycle of
mudskipper is concerned, the breeding season of B. boddarti has been reported. It
started from August to October (Quang et al, 2016). The eggs are laid in their burrows
(Sasekumar et al, 1994) and larvae spawn during monsoon periods when the pH
level and salinity are reduced, and the primary product is increased (Clayton, 1993).
The planktonic larvae disperse and develop to juvenile in the water column. After
that, they will settle on the mud flats and mangrove areas and become the recruits
of the populations in the areas. Although the water current can facilitate the
dispersal of the larvae, it can also play an important role as physical barrier on larval
migration. Therefore, the water currents can have an effect on the distribution of the

species since the larvae spend approximately 35 days in the water column (Koga et



al, 1989a). The other effect threatening on mudskipper populations can be the loss
of their habitats. Almost fifty percent of mangrove areas in Thailand were invaded by
anthropogenic activities, especially in Gulf of Thailand. The reduction of the
mangrove areas may cause the distribution of the mangrove. As the result, the
fragmentation of the mangrove may affect the genetic variation and structure of the

species.

Population connectivity of marine organisms is mostly dependent on
dispersal and migration ability of the organisms and their planktonic larvae. It can
play a significant role in the intraspecific genetic diversity, genetic structure, and the
evolutionary and ecological processes of the populations (Bowen et al, 2006;
Shulman, 1998; Weersing & Toonen, 2009). An accurate population structure is
important for the management of marine fish populations (Gjedrem et al, 1988;
Hindar et al, 1991; Ryman & Utter, 1987). The miss identification on population units
can cause local overfishing and ultimately severe declining of the populations
(Waples, 1998). For the mudskippers, many morphological, physiological, and
ecological studies on the species have been carried out (Clayton, 1993; Clayton &
Vaughan, 1988; Murdy, 1989; Ravi, 2013; Ravi & Rajagopal, 2007). There were few
reports on genetic diversity and structure of their populations which suggested that
the dispersal patterns of larvae may be limited by water current, and habitat
distances (Chen et al, 2015; Ramanadevi et al, 2013). In the mudskippers, juveniles
and adults are likely be a permanent residence in their habitats after the settling
(Hong et al, 2007; Murdy, 1989), while the adults of other fishes have higher
migratory ability. Therefore, gene flow between populations of mudskipper should
be mostly dependent on the dispersal ability of their pelagic larvae (Chen et al,

2015).



In this study, the genetic diversity and structure of the mudskipper, B.
boddarti, in the Gulf of Thailand were examined using D-loop in mitochondrial
genome. The results from this study provided basic knowledge in population
dynamics and structure of the species since the life history of the mudskipper is

different from other fishes.

1.2 Objective

1. To investigate the genetic diversity of Blue-spotted mudskipper (B. boddarti)

populations in the Gulf of Thailand using mitochondrial DNA

2. To determine genetic structure of blue-spotted mudskipper (B. boddarti)

populations in the Gulf of Thailand using mitochondrial DNA



CHAPTER 2
LITERATURE REVIEW

2.1 Blue-Spotted Mudskipper
2.1.1 Taxonomy of the Blue-Spotted Mudskipper

Blue-Spotted mudskipper (Figure 2.1) has been classified in Kingdom Animalia,
Phylum Chordata, Class Actinopterygii, Order Perciformes, and Family Gobiidae. All of
mudskippers were grouped in sub-family Oxudercinae. The blue-spotted mudskipper

was specified in the genus Boleophthalmus, and its scientific name is B. boddarti

(Pallas, 1770)

Side view

Top view

Figure 2.1 The Blue-spotted mudskipper, Boleophthalmus boddarti (Pallas, 1770)

(A) Side view (B) Top view

Boleophthalmus depict their eyes that are ejected out their orbit. Their eyes
above the level of their orbital cavities: from bole (ejected) and ophthalmon (eye)
(Cuvier & Valenciennes, 1829). Moreover, the specific name is the name of Pierre
Boddaer, who collected the specimen for the original description (Pallas, 1770). The
genus can be characterized by the thick epidermis, especially in their heads and
dorsal parts covered by the small dermal papillae. Their pelvic fins were fused with
each other (Swennen et al, 1995). In addition, the pelvic fins have the intercleithral
cartilage spaning along the width of the fins. The marginal pectoral fins are black

(Murdy, 1989; Polgar & Crosa, 2009). There is no barbel on underside of their head.



Fine compressed teeth are found on the lower jaw and a single row of teeth is found
on the upper jaw. There is a recurved symphyseal canine tooth on each side on
lower jaw. Their first dorsal fin or D1 have 5 spines (schematic of mudskipper show in
(Figure 2.2). The middle of D1 spine is the longest. There are 21-27 elements in D1
and 19-27 elements in the anal fin. The pectoral fin rays are about 17-21. The first of
second dorsal fin (D2) element is soft spine. The other elements are usually
segmented and branched (Darumas, 1997). Swennen et al (1995) reported that the
sexual dimorphism was found on this fish species. The third of D1 spine in the
female is longer than the male. On the other hand, Ansari et al (2014) reported that
the mudskippers are sexually monomorphic. The longitudinal scales on their body
are around 67-106; transverse scales are 16-33; and predorsal scales are 25-44
(Darumas, 1997). Their colors are greenish-brown in the dorsal and lateral of the
bodies. The ventral color is bright grey, white, or pale yellow, but darker in the head
and tail areas. The distinct characteristic of this fish is the iridescent blue spots on
their brown body skin, dorsal fins, especially on the latero-ventral origin of pectoral
fins. The pectoral fins are yellow to orange and its border is black. The muscle of
pectoral fin base is brown and scattered of blue spots. There is the black stripe
which present from the anterior nostril to the operculum (Murdy, 1989). Moreover,
there are 7 diagonal black stripes in each lateral site; the first at D1 base, the second
between D1 and D2, the third to the fifth under the D2 base, the sixth at posterior

end of D2 base, and the seventh near the caudal fin (Darumas, 1997).
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Head depth Standard length R Height of pectoral fin base

Figure 2.2 The schematic drawing of a mudskipper explains structure and

measurements (Darumas & Tantichodok, 2002)

2.1.2 Adaptation

The blue-spotted mudskipper (B. boddarti) is a member of family Gobiidae,
sub-family Oxudercinae. It is an amphibious fish, which can live in the intertidal mud
flat, river mount, especially in the mangrove. While the other fish can survive the
retreat of the water by live in tide pools, mudskipper can emerge from water to feed,
defend territories and show the courtship behavior during the low tide (Clayton,
1993). Therefore, there are many physiological, morphological, and behavioral

adaptations for the mudskipper.

2.1.2.1 Movement Adaptation

There are the unique physiological and behavior specializations that
make the species to move effectively on the mud flat. Their pelvic fins are
synchronized with each other and served as a paddle to walk on the mud
flat (Swanson and Gibb 2004). The movement on mud flat is facilitated by

their appendicular skeleton and muscular adaptations. Their abductor



superficialis muscle's form is adapted for greater control and flexibility of the
limb during terrestrial forays. Moreover, they can flip and jump themselves
into the air (Piper, 2007). There are 4 modes of locomotion of this fish a part
from swimming, namely crutching, skipping, skimming, and climbing. Crutching
is the locomotion for taking their foods. Skipping and skimming are used to
escape their predators. Climbing is the movement for attaining higher level in

the mangrove forest (De & Nandi, 1984).

2.1.2.2 Anoxic Environment Adaptation

The mudskipper’s breathing system has been adapted to stay in the
intertidal zone. They can breathe through their skin, the buccal-branchial
cavity, but their skin is needed to be wet. This mode of breathing is similar to
the amphibian, called “cutaneous air breathing” (Graham, 1997). In some
species of mudskippers, their buccal-branchial cavity volume is 2-6% larger
than cavity volume of gobies that are not specified as amphibious fish (Gee &
Gee, 1991). Another importance adaptive breathing mode is their special gills.
The species can breathe, while they are out of water using these gills. These
gill chambers are tightly closed when the mudskippers stay out of water. This
can make the fishes keeping the gill moist and can use oxygen, while they are

on lands (Graham, 1997).

2.1.2.3 Euryhaline Adaptation
The species can adapt themselves to tolerate the dramatically change

of environmental conditions. The blue-spotted mudskipper was classified to

be the euryhaline fish. Chew and Ip (1990) reported that the blue-spotted



mudskipper can live in the wide range of salinity changing the water content
in their muscles to stabilize the ion concentration in their blood (Clayton,

1993).

2.1.2.4 Vary Temperature Adaptation

The temperature can be a major problem for this fish since they stay
mostly out of water. However, the mudskippers use thermoregulatory
behavior, evaporating process, and body color change to regulate their body's

temperature (Tytler & Vaughan, 1983).

2.1.2.5 Predators

Predators are also a big problem for the blue-spotted mudskippers.
They are eaten by several predators, such as sea snakes, cat fish, stone fish,
marine bird, aquatic bird and reptiles (Clayton, 1993). Tytler and Vaughan
(1983) reported that the mudskipper deep borrows in the soft sediments
allow the mudskipper to thermoregulate. In addition, they can avoid theire
predators during the high tide when their burrow are submerged (Sasekumar

et al, 1994) and laying their eggs.

2.1.3 Reproduction and Life Cycle

The courtship behavior of this fish is very interesting. The male jumps to the
female. After that the male waves its fin and tail for showing. The female goes to his
egg-chamber room in the male hole and lays their eggs. Although, there is the

complex courtship behavior (male-territory-visiting), but Takegaki (2008) reported that



the Boleophthalmus pectinirostris, the same genus of blue-spotted mudskipper, is
polygamy. In Japan, the mudskipper (Periophthalmus modestus) produces J shaped
burrows that have two or three openings on mudflat surface. The brooding chamber
is located at the end of the burrow (Figure 2.3) (Dotsu & Matoba, 1977). After that the
male guard its burrow for about 1 week or until the eggs hatch (Ishimatsu et al, 2007)
. The male mudskipper deposits the air into the chamber by mouth during low tide.
This method can protect the brood chamber from the hypoxia. When the eggs are
completely developed, the male will remove the air from the chamber and release
the pelagic larva to the water mass on the nocturnal rising tide. This flood induces
eggs hatching (Ishimatsu et al, 2007) within 6-9 days (Koga et al, 1989b). The breeding
seasons are August to October (Quang et al, 2016). This indicates that the fish spawn
during monsoon periods when the pH level and salinity are reduced, and the primary
product is increased (Clayton, 1993). The degree of hatching success depends on
many factors, for example, the temperature and the salinity. The optimum
temperature and salinity for hatching were 28 degree of Celsius and 15-25 ppt,
respectively ((Zhang et al, 1989)quoted in(Clayton, 1993)). After the eggs hatched, the
pelagic larva will stay in the water mass. The periods of pelagic larva are 14 days to
more than 200 days dependent on the species (Clayton et al, 1994). The periods of
being pelagic larva in Boleophthalmus pectinirostri, closely related species to blue-

spotted mudskipper, are 35 days (Koga et al, 1989a).
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Figure 2.3 The brood chamber (A) (Ishimatsu et al, 2007) and the stages of pelagic
larva of mudskipper (B) (Kim et al, 2011)

2.1.4 Feeding behavior

The blue-spotted mudskippers actively feed on the mudflats during the low
tide. On the other hand, they remain in their burrows hiding themselves from their
predators during the high tide (Milward, 1974). Previous investigations indicated that
mudskippers are herbivores (Murdy, 1989) or carnivores (Colombini et al, 1996). The
blue-spotted mudskipper feed on the variety of foods (Ravi, 2013). The main food
item of the blue-spotted mudskipper is diatom. However, they also consume the
other food item such as nematodes, polychaetes, algae, and fish eggs. Moreover, the
detritus, mud, and sand particles are found in their stomach as well. This indicated
that the blue-spotted mudskipper is the herbivore. The ratio of their foods varies by
their age stage, and season. For example, the juvenile fish stomach contant

contained more diatoms than adults (Ravi, 2013). It grazes on benthic flora on the
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mud flat; takes mud into its mouth, keep the algal or diatom, and blow out the mud.
Sometimes, they feed benthic green algae in the mangrove area especially in the
pneumatophore zone. The bigger one occupies near the water and the smaller one
occupies further up on the dry zone (pneumatophore zone). On the other hand, the
mudskipper larva take the particulate organic detritus of the benthic diatom that was

decomposed by nature (Qiyong et al, 1988).

2.1.5 Distribution

The mudskippers are widely distributed in tropical and sub-tropical areas
(Murdy, 1989). The blue-spotted mudskipper is mostly found in Indo-Pacific Ocean
from the West coast of India Ocean to the North of Borneu Island, Sabah, Indonesia
and East Malaysia. It can also be found in the southern part of Vietnam (Murdy,
1989). In Thailand, 4 genus of mudskippers were found including Scartelaos sp.,
Periophthalmodon sp., Periophthalmus sp., and Boleophthalmus sp. The blue-
spotted mudskipper is a common species in Thailand, found along the coasts of the
Gulf of Thailand and Andaman Sea, especially on the southern part of the Gulf,
namely Chumphon, Surat Thani, Nakhon Sii Thammarat, Songkhla, Pattani, Trang,

Satun, Krabi, Phangnga, Phuket, and Ranong (Darumas, 1997).



12

Figure 2.4 The distribution of the Blue-spotted mudskipper (B. boddarti) around the
world and in the southern part of Thailand (Darumas, 1997)

(http://www fishbase.org/summary/Boleophthalmus-boddarti.html)

Murdy (1989) reviewed the mudskippers, including the distribution. Some
species (Figure 2.4) continuously distribute along the coastal area, for instance,
Parapocrytes rictuosus (Valenciennes), which can be only found in the east coast of
India. However, some species were separated by geographical barrier and long
distance, including Parapocryptes seperaster (Richardson) that are found on the East
of China, Indonesia, Philippines (Herre, 1953) and Sri Lanka (Koumans, 1953). For the
genus Boleophthalmus (Murdy, 1989), the distribution of B. caeruleomaculatus and
B. birdsong, is continuous along the coast of Australia, while B. Boddarti and B.
pectinirostris were grouped as patchy distribution from the mainland and some
islands in the sub-tropical zone and tropical zone, respectively. In the South of
Thailand, Darumas (1997) normally found the of B. boddarti both site of Thailand. In
addition, Chen et al (2015) reported the new recorded area of B. pectinirostris in

Malaysia (Figure 2.5).


http://www.fishbase.org/summary/Boleophthalmus-boddarti.html
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Figure 2.5 Population distribution of Boleophthalmas from known localities based on

examined material (A; Murdy (1989)) (B; Chen et al (2015))

2.1.6 Genetic Structure of Mudskipper

High dispersal ability is a common skill of marine organisms, including,

gametes shed into the water, larvae released from brooding females, high dispersal

adults. The movement of hundreds or thousands of kilometers is a key of life history

feature. High gene flow among population is thought to limit opportunities for

genetic divergence and to inhibit species formation. Successful larval transport

implies gene flow. Moreover, geographic distance and speciation relate the gene flow

for population genetics (Palumbi, 1996a). Genetic structure of marine fishes have

revealed high population connectivity within ocean basins, consistent with the
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assumption that pelagic larvae disperse long distances by oceanic currents (Bowen et

al, 2006).

For the population of mudskippers, the investigations on genetic structures
were carried out in many species, especially in Boleophthalmus. The various
molecular markers were used, for instant Random Amplification of Polymorphic DNA
(RAPD) (Ramanadevi et al, 2013), Amplified Fragment Length Polymorphism (AFLP)
(Chen et al, 2014), and DNA sequencing (Chen et al, 2015; Kanemori et al, 2006).
Boleophthalmus pectinirostris populations were studied in area for example North
Pacific Ocean. The most studies of B. pectinirostris showed the genetic differentiation
between China population and Korea & Japan populations because these
populations have been separated from China population since the late Pleistocene
period (Chen et al, 2014; Chen et al, 2015; Kanemori et al, 2006). However, Liu et al
(2009) reported that there was no genetic structure of B. pectinirostris in Yangtze
River in China because there was no obviously geographical and physical barrier in

this area.

2.1.7 Factors Affect the Genetic Structure of Mudskippers
2.1.7.1 Habitat loss (Mangrove Deforestation)

Mangrove is very important ecosystem in coastal area. This ecosystem
plays important roles in coastal protection, coastal fishery, and providing
timber and other natural products. However, the mangrove deforestation is
now increasing and mostly caused by human activities, including shrimp farm,
mining, building the ports and dams, and industries. In 2010, there was a
report suggested that the mangrove areas around the world will reduce to 50

percent in the 20th century (Polidoro et al, 2010). In Thailand, the mangroves
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were decreased more than 54.49 percent in the last 25 years, from 3,679
square kilometers in 1951 to 2,440 square kilometers in 2009 (Figure 2.6 and
Table 2.1). This situation can affect the number of flora and fauna inhabiting
in the mangrove, including the mudskippers, in term of habitat loss (Whitmore

& Sayer, 1992).

2.1.7.2 Current in the Gulf of Thailand

The Gulf of Thailand (GOT) is located on the Eastern part of Thailand.
lts width and length is 400 kilometer and 720 kilometer, respectively
(rectangular shape). It is quite shallow, with a maximum depth of 80 meters,
and semi-enclosed bay. The upper Gulf of Thailand (UGQOT) is located at the
Northern most end of the Gulf, and occupies about 10,000 square kilometer.
GOT currents are mainly affected by the Northeast (NE) and Southwest (SW)

monsoons. In each season, its current is different pattern (Figure 2.7).

The ocean current affects to physical parameters that control the
water exchange and dispersion of organic and inorganic matters in the water
column. It is very important for enhancement of primary productivity
(Sojisuporn et al, 2010). Moreover, the prevalent current would help to know
better understanding of the organisms’ behaviors, in term of, the distribution
pattern. Transport of larvae is an important role of the ocean currents. This
mechanism force ichtyoplankton larval transportation and retention into the
estuary. For the lagoon of Mexican Caribbean, the main mechanism of
planktonic fish larvae transportation from spawning grounds to nurseries and

control recruitment variability are coastal and estuarine circulation and tidally
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Table 2.1 The mangrove area in Thailand between 2000 and 2009 (+ showed

increased area, while - showed decreased area from 2000 to 2009)

Mangrove area (Rai)

Coastal Changing |Changing
Provinces

side 2000 2009 area (Rai) |rate
Trat GOT 60,018.24 [61,974.19 |[+1,892.95 |+3.15
Chanthaburi GOT 7745623 7542891 [-2,027.23 |-2.62
Rayong GOT 12,2279.54 |11,283.57 |-99597 |-8.11
Chonburi GOT 4,861.90 5,554.41 +692.51 |+14.24
Chachoengsao GOT 10,476.13 |7,309.34 -3.166.79 |[-30.23
Samut Prakan GOT 6,936.48 12,524.17 |+5,587.69 [+80.56
Bangkok GOT 4,138.30 3,351.79 -786.51 |-19.01
Samut Sakhon GOT 18,590.06 |25,257.22 |+6,667.16 [+35.86
Samut Songkhram GOT 1477372 |14,272.75 |-50097 [-3.39
Phetchaburi GOT 20,463.39 [18,568.75 [-1,894.64 [-9.26
Prachuap Khiri Khan GOT 3,121.88 1,707.58 -1,413.30 |-45.27
Chumphon GOT 4529180 [32,240.11 |-13,051.69(-28.82
Surat Thani GOT 46,980.59 [46,574.20 |[-406.39 |-0.87
Nakhon Si Thammarat [GOT 71,022.29 |[73,549.60 |+2,527.51 |+3.56




Table 2.1 (Continued)
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Mangrove area (Rai)

Coastal Changing |Changing
Provinces

side 543 R area (Rai) |rate
Nakhon Si Thammarat |GOT 71,022.29 [73549.60 |+2,52751 [+3.56
Phatthalung GOT 698.60 399.98 -298.62 |-42.75
Songkhla GOT 2191029 [7,991.95 -13,918.34|-63.52
Pattani GOT 2699047 [21,993.68 |[-4,996.79 |-18.51
Narathiwat GOT 0.00 184.49 +184.49 |+100.00
Total of the Gulf of Thailand 446,027.71 [420,167.69 [-25,905.02|-5.81
Ranong Andaman  |170,334.80 |154,448.34 |-15,886.46|-9.33
Phang Nga Andaman  |263,983.37 |275,316.68 |+11,333.31+4.29
Phuket Andaman |11,848.72 |12,327.42 |+478.70 |+4.04
Krabi Andaman  |221,863.40 [218,185.74 |[-3,677.66 |-1.66
Trang Andaman 228,191.01 |220.975.74 |-7,215.27 |-3.16
Satun Andaman  |237,399.80 |223,638.95 |-13,760.85|-5.80
Total of Andaman Sea 1,133,621.10,1,104,892.87|-28,728.23(-2.53
Total of coastal area in Thailand 1,579,693.81]1,525,060.56(-54,633.25(-3.46

Modified from the table of land use in the mangrove area, Department of Marine and Coastal Resoucres, Thailand
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driven current (Boicourt, 1988). Transport of the ichthyoplankton into and
from coastal water is a function of water-mass displacements. However, the
salinity gradient may limits the distribution of organisms (Chiappa-Carrara et

al, 2003).

2.1.7.3 Breeding Season and Pelagic Larval Stage

Breeding season of the mudskipper depends on species and habitat
zone (Table 2.2). Breeding season and pelagic larval stage are important for
mudskipper's distribution because the distribution of mudskipper is well-
performed in the larval stage since mudskippers do not migrate after they
settle on mudflats and eggs are attached in the burrow. In other marine fish
species, the adults have an ability to migrate for a long distance and spawn
pelagic eggs that can be dispersed by water current. For Boleophthalmus,
spawning occurs in a spawning chamber located in the burrow prepared by
male. Their eggs are attached the ceiling of the chamber until they hatch.
The planktonic larvae were then released to water column. Their planktonic
stage has only about one month long. Then, they will settle in new suitable
mudflats and become the recruitment of the population (Koga et al, 1989a;
Takegaki, 2008). The recruitment is the one of important factor in the genetic

structure of populations (Caley et al, 1996).

2.1.7.4 Anthropogenic Impacts
The mudskipper populations are affected by anthropogenic activities.
The number of some species of mudskipper in China are considered as

endanger now because of pollutions, overconsumption, and uncontrolled.
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Table 2.2 Breeding seasons of mudskipper depending on species and area

Species Country Breeding Season [Reference
Boleophthalmus
Vietnam August-October (Quang et al, 2016)
boddarti
Kuwait March-August (Clayton et al, 1994)
Japan and
June-August
Korea
(Chen et al, 2015)
Vietnam, China
Boleonhthal April-June
OIEOPMINATIYS | 5nd Taiwan
pectinirostris
China May-June (Zhao et al, 2002)
Early May-Early
Japan (Takegaki, 2008)
August
China May-August (Zhang et al, 1989)
India July-September (Mutsaddi & Bal, 1970)
Boleophthalmus
o April-May and
dussumieri Pakistan (Hoda, 1986)
July to September
Periophthalmus
South Africa February-July (Etim et al, 2002)
barbarus
Periophthalmus
Korea May-July (Baeck et al, 2008)
magnuspinnatus
Periophthalmus June-July and
Malasia (Mazlan & Rohaya, 2008)
schlosseri October-November
Periophthalmus
Hongkong March-November  [(Gordon & Gabaldon, 1985)
cantonensis

Periophthalmus pg

Nigeria

November-February

(Lawson, 2011)

Scartelaos gigas

Korea

May-July

(Kim et al, 2011)
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fishing (Liu et al, 2009). The decline of number affects the population and

genetic structure of marine lives

2.1.8 Benefits
2.1.8.1 Food

The Blue-spotted mudskipper is used for food in many countries, such
as Bangladesh, China, Japan, Korea Thailand, Taiwan, Philippines, Vietnam and
Indonesia. Moreover, they are an ingredient for traditional medicine and high
nutritive value in good lipid and fatty acid including EPA and DHA (Banerjee et
al, 1997) in China and India. Several species are considered as a delicacy, and

they have been farmed (Polgar & Lim, 2011).

2.1.8.2 Ecological Indicators

Untreated industrial and urban wastes directly discharge in the marine
environment. It causes the high concentration of heavy metals, petroleum
hydrocarbons, and insecticides. The contaminate concentration in natural
environment and tissue sample of mudskipper significantly correlate. The
heavy metals accumulate in their gill, skin, digestive system, kidney, liver,
brain and muscle. The mudskipper has been considerable resistance to highly
polluted habitat. They showed a very high potential for bioaccumulation.

Therefore, toxic tolerant ability is used to study the coastal pollutions.

On the other hand, mudskippers cannot tolerate the oil pollution

because they live out of water and directly exposed oil unlike the other
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fishes. They are very sensitive to polycyclic aromatic hydrocarbon (PAHSs), and

Dichloro-diphenyl trichloroethane (DDT). (Ansari et al, 2014).

2.2 Molecular Markers

There are two main methods, which are used to study the population,
including the morphological and genetic methods. In the recent years, molecular
technique has been commonly used to investigate the level of genetic variation of
several species (Benzie, 2000). Molecular markers are useful for many genetic studies,
especially population genetic. The population genetic studies can define the genetic
structure and variation of population. These results of population genetics can infer
to gene flow, divergence times and pattern, biogeographical structure (Bohonak &
Jenkins, 2003; Eimanifar, 2014; Féral, 2002; Palumbi, 1996b; Slatkin, 1987). The target
DNA sequence can be synthesized from a low amount of DNA template within a few
hours, using polymerase chain reaction (PCR) procedure (Mullis, 1994).The basis of
the PCR technique involves the use of primers (short oligonucleotides) to attach the
complementary with DNA sequence on both upstream and downstream line. After
that, the target DNA is amplified using DNA polymerase (Tag polymerase). The PCR
cycle has three steps, including, denaturation, primer annealing, and primer
extension (Mullis, 1994). In eukaryotic cell, sources of DNA are composed of nuclear
DNA, mitochondrial DNA, and chloroplast DNA. All of these sources of DNA can be
found in the plant cells, however, nuclear DNA and mitochondrial DNA can be found

in animal cells.
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2.2.1 Mitochondrial DNA

Most of animal’s mtDNA has closed-circular shape. The genes on
mitochondria DNA highly reserve because they are coding region of many genes,
except for D-loop or control region. The control region is the only a non-coding
region in the mitochondria genome that is the origin of replication of animal mtDNA
(Wilson et al, 1985). The conserve coding regions consist of transfer RNA, ribosomal
RNA, and protein coding genes because of their functional and structural strain
(Simon et al, 1994). The mutations usually occur in mitochondrial DNA because of
the free oxygen radicals that are generated by the cellular respirations. Point
mutations occur throughout the whole genome, however, the frameshift mutations,
for instance, insertion and deletion, usually occur within the control region. Animal
mtDNA has been effectively used in term of molecular tool for population and
evolution because of small molecule, hish mutation rate, maternal inheritance, and

no recombination (Wilson et al, 1985).

2.2.1.1 Mitochondrial genome of B. boddarti

The complete mitochondrial genome of blue-spotted mudskipper,
Boleophthalmus boddarti has been sequence (KF874277) that has 16727 bp
in total length. There are two rRNA genes (12S and 16S), twenty two tRNA

genes, 14 mRNA, and control region called D-loop (Figure 2.8).

Various effective markers are used for population genetics studies,
including non-PCR base techniques (for example, restriction fragment length
polymorphism (RFLP)) and PCR base technique (for example, randomly

amplified  polymorphism ~ DNA  (RAPD), amplified fragment length
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polymorphism  (AFLP), inter-sample sequence repeat (ISSR) and DNA

sequencing).

2.2.2 DNA sequencing

DNA sequencing is one of main techniques of genetic information. The
structure of DNA molecule is double strands, which attached each other by H-bond
among the complementary base, consist of Adenine and Thymine (A-T), and Guanine
and Cytosine (G-C) The DNA sequencing's principle track the order of correctly
specific DNA bases, consist of adenine (A), thymine (T), guanine (G), and cytosine (Q),
on extremely long nucleotides. There are two general methods of this process,
including the chemical cleavage procedure (Maxam & Gilbert, 1977) and the chain
termination procedure (Sanger et al, 1977). The chain termination procedure is the
more popular method. The radioactive isotopes, for instance, phosphorus-32,
phosphorous-33, and sulfur-35, are required to label each type of nucleotide. The
autoradiography technique is used to reading each radioactive labeled nucleotide on
the X-ray film. DNA sequencing provides high solution and facilitating interpretation.
DNA fragment generated from PCR can be both directly and alternatively sequenced.
In recent year, the sequencing technique has been developed to be an automated
sequencing method (Figure 2.9). The principle of automate sequencing method is
using fluorescence-based system labeling fluorescence dye on sequencing primer or
incorporated nucleotides. The automated DNA sequencing is successfully useful
because of low-level radioactive and reliable data. This greatly allows wider
application of DNA sequencing analysis for molecular genetic studies, including

population genetic.
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CHAPTER 3
MATERIALS AND METHODS

3.1 Sampling Site and Collection

The samples were collected from 6 sampling sites in the Gulf of Thailand,
namely were Rayong, Chachoengsao, Samut Songkram, Petchburi, Nakhon Si
Thammarat, and Pattani. In the South of the Gulf, the selected locations were
selected following the previous investigation by Darumas (1997), including Nakhon Si
Thammarat and Pattani. The other locations were selected by field survey, and
interviewing local fishermen. The blue-spotted mudskippers were collected by many
methods. The first method is digging their burrows by hand. The dip net was used to
cover the other emergency openings while the main burrow was dug by hand. The
blue-spotted mudskipper escaped to the emergency opening and was catched by
the dip net. This method was used in Rayong, Samut Songkram, and Pattani. The
second method was the use of the trawling net. The blue-spotted mudskippers were
cornered and trawled. This method was utilized in Nakhon Si Thammarat, since the
area has no prop-root trees. Finally, samples from Chachoengsao and Petchburi were
collected by local fishermen. The numbers of samples collected from Rayong,
Chachoengao, Samut Songkram, Petchburi, Nakhon Si Thammarat, and Pattani were

32,40, 24, 22, 36, and 24 individuals, respectively (Figure 3.1 and Table 3.1).

The collected blue-spotted mudskippers were euthanized using ice. They
were then photographed and measured the standard length. The left pectoral and

dorsal fins of each sample were immediately cut and preserved in absolute ethanol.
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Table 3.1 Sampling sites, population codes, latitudes and longitudes, sample sizes,

and the periods of collection of B. boddarti collected in this study

Sampling sites | Population | Latitudes longitudes |Sample | periods of

codes sizes | collection

Chachoengao CH 13°26'36.05'N| 100°58'37.47"E| 40 | September
2014

Nakorn Sri NK 8°35'33.09"N | 99°58'57.55"E | 36 | November
Thammarat 2014

Pattani PT 6°52'27.03"N | 101°13'02.45"E| 24 September
2014

Petchbuti PB 13°15'51.53'N| 99°56'47.90"E | 22 | June 2015

Rayong RY 12°42'25.65'N| 101°44'37.41"E| 32 | May 2014

Samut Songkram sS 13°21'44.86'N| 99°59'4433"E | 25 |March 2015
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Figure 3.1 Sampling sites of B. Boddarti in the Gulf of Thailand; Rayong (RY),
Chachoengsao (CH), Samut Songkram (SS), Petchburi (PB), Nakorn Sri

Thammarat (NK), and Pattani (PT)

3.2 Sample Analysis

The genetic diversity and genetic population structure of Boleophthalmus
boddarti were investigated. The control region in mitochondrial DNA was examined

by sequencing technique.

3.2.1 DNA Extraction

The genomic DNA was extracted using Phenol-Chloroform method. The tissue
that was preserved in absolute ethanol was placed on some tissue paper to drain
out any alcohol. The small tissue (about 0.5x0.5 square centimeter) of each sample

was cut by sterile scissors and was taken into a 1.5 ml microcentrifuge tube. A 300 pl
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of TNES buffer and 5 ul of Proteinase-K were added into the tube. All ingredients
were mixed by inverting the tube several times and were incubated in 55 °C at least
2 hours. After that, 300 ul of Phenol-Chloroform solution (Phenol: Chloroform:
isoamyl alcohol is 25: 24: 1, respectively) was added in the tube and the tube was
centrifuge at 15,000 rpm for 3 minutes at room temperature. The supernatant was
carefully transferred to a new tube, then, 250 ul of absolute ethanol was added into
the tube. The new tube was centrifuged at 15,000 rpm for 5 minutes. The absolute
ethanol was then removed. Then, 150 pl of 70% ethyl alcohol was added into the
tube and centrifuged again at 15,000 rpm for 2 minutes. After that the 70% ethyl
alcohol was removed. Finally, the 150 pl of sterile mili-Q water was added into the

tube and DNA was stored at -20 “C.

3.2.2 Agarose Gel Electrophoresis (Genomic DNA Analysis)

The quality and quantity of the extracted DNA was checked by agarose gel
electrophoresis, loading mixture consist of 2 ul of extracted DNA, 2 ul of loading dye
(standard stain orange G, 40% (v/v) glycerol) and 6 pl of distilled water. A 1% of
agarose gel was made, mixing 1.5 g of agarose powder, 150 ml of 0.5X TBE buffer
(10X TBE buffer consists of 0.89 M of Tris-base, 0.89 M of boric acid and 0.02 M of
EDTA) in 200 ml flask. Then, the mixture was heated in microwave for 1 minute. The
mixture solution was added the 3 ul of 0.4% ethidium bromide solution and 2 drops
of bubble block solution. The prepared gel was set at room temperature in the gel
tray which had the segregated combs for 1 hour. After the gel completely set, the
combs were removed and the finished gel was taken place in the horizontal
electrophoretic chamber, containing 0.5X TBE buffer over the gel. Each sample was
loaded into each well by using an automatic micropipette. The electrophoretic

chamber was connected to a power supply that the sample wells were located in
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the cathod (negative) site, and was run at 80 voltages for 30 minutes. The DNA bands
were visualized and taken photo under UV transilluminator. Concentration of
extracted DNA was estimated by comparing with known quantity DNA maker. The
quantity of extracted DNA was adjusted into 10-30 ng/ul, for using in PCR

amplification.

3.2.3 PCR (Polymerase Chain Reactions) Amplification

The forward and reverse primers of partial part of control region
mitochondrail DNA of B. Boddarti were designed by Primer3 program, based on B.
boddarti mitochondrion complete genome (GeneBank: KF874277.1). The forward
primer and reverse primer were 5' CAC GAA CCC ATT CAA ACA AG 3' and 5' AGT TTA

CGA GTT TAG GGG GG 3' respectively, located in D-loop between tRNA"® and tRNA"™.

The 20 pl PCR reaction contains 20-30 ng/ul of template DNA, 0.5U of Takara
Ex Tag DNA Polymerase, 1X Ex Tag buffer (containing 20 mM MgCl,), 0.2 mM of
dNTPs, and 0.4 pl of each of 10 uM of primer. The negative control was included in

all amplifications, by replacing distilled water to template DNA.

The PCR condition were as the following: 95 °C for 3 minutes, followed by 35
cycles of 95 °C for 30 seconds, 58 °C for 30 seconds, and 72 °C for 45 seconds, with

final extension at 72 °C for 7 minutes.

3.3.4 Agarose Gel Electrophoresis (Mt DNA PCR Product Analysis)
PCR product was checked by agarose gel electrophoresis. Loading mixture
consists of 2 pl of PCR product, 2 pl of loading dye (standard stain orange G, 40%

(v/v) glycerol) and 6 pl of distilled water. A1% (w/v) agarose gel was made by mixing
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1.5 ¢ of agarose powder with 150 ml of 0.5X TBE buffer (10X TBE buffer consists of
0.89 M of Tris-base, 0.89 M of boric acid and 0.02 M of EDTA) in 200 ml flask. Then,
the mixture was heated in microwave for 1 minute. Three microliters of 0.4%
ethidium bromide solution and 2 drops of bubble block solution were added into
the mixture solution. The prepared gel was set at room temperature in the gel tray
which had the segregated combs for 1 hour. After the gel completely set to be the
solid, the combs were removed and the finished gel was taken place in the
horizontal electrophoretic chamber, containing 0.5X TBE buffer over the gel. Each
sample was loaded into each well using an automatic micropipette, included
standard DNA marker called the gene ladder-Fast2 (NIPPON GENE, JAPAN). The
electrophoretic chamber was connected a power supply, that the sample wells were
located in the cathode (negative) site, and was run at 100 voltages for 45 minutes.

The PCR product was visualized and taken photo under UV transilluminator.

3.3.5PCR Product Purification

The PCR products, which were clear band, were purified by using PEG
purification. Ten microliters of PCR product was added with 5 pl of 0.2X TE and 7.5 of
30% PEG (polyethelene glycol) in a tube. The tube was centrifuged 4,000 rpm for 45
minutes. Then, the suspended liquid was removed and 30 pl of cold 70% ethanol
was added to the tube. The tube was centrifuge again in 4,000 rpm for 15 minutes.
The suspended liquid was removed again. The tube was then placed at room
temperature overnight toremove all alcohol. Finally, 10 pl of distilled water was

added in the tube.
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3.2.6 DNA Sequencing
3.2.6.1 Big Dye Fluoresence Probes

The purified DNA was tagged by dideoxyterminal method of (Sanger et
al, 1977) with a Big Dye reagent kit (ABI PrismTM Dye Terminator Cycle
Sequencing Reading Reaction). Total 7.5 ul of sequecing reaction was
prepared, including 1 pl of purified DNA, 0.75 pl of 1.6 yM forward or reverse
primer, 1.4 pl of big dye buffer, 0.2 big dye reagent, and 4.15 distilled water.
The mixture was amplified follow °C for 2 minutes, 30 cycles (including
denaturation at 96 °C for 10 seconds, annealing at 50 °C for 5 seconds, and

extension at 60 “C for 2 minutes), and cooled down at 20 °C for 20 minutes.

3.2.6.2 Purify with Ethanol Precipitation

The 7.5 pl of sequencing reaction was purified by adding 0.75 ul of 3M
NaOAC, 0.75 pl of 125 puM EDTA, and 25 pl of cold absolute ethanol. The
tube was centrifuged 4,000 rpm for 45 minutes. The agueous was removed
and 25 pl of cold 70% ethanol was added and centrifuged at 4,000 rpm for
15 minutes. The liquid was removed and 10 pl formamind was added. Finally,
the purified product was run on investigated using automate DNA sequencing

machine (Applied Biosystem) to investigate the sequences of DNA.

3.2.7 Data Analysis

All nucleotide sequences were aligned by the parameter ClustalW alignment
in the multiple sequence alignment program called MEGA (Tamura et al, 2013) and
carefully corrected by eyes. The origin of the sequence was confirmed by comparing

the similarity between obtained sequence and the sequences available on GenBank
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database using Blast program  (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Genetic

variations among sequences were examined and classified them into haplotypes.
Haplotype frequencies were estimated using DnaSP v.5 (Librado & Rozas, 2009).
Haplotype (h) and nucleotide (TT) diversity (Nei, 1987) were estimated to investigate
genetic diversity within the populations using DnaSP v.5 (Librado & Rozas, 2009). The
pairwise distances between populations were estimated using phylogenetic program,
called PHYLIP; Phylogeny Inference Package v.3.2 (Plotree & Plotgram, 1989). To
investigate genetic relationship of the populations, the pairwise genetic distances
were used to generate a dendogram under neighbor joining algorithm (NJ) algorithm
using PHYLIP; Phylogeny (Plotree & Plotgram, 1989). Mantel test was calculated the
correlation between the genetic distance and geographical distance (permute 1,000
times) using IBD (Isolation by distance) program (Bohonak, 2002). Moreover, the
Median joining (Bandelt et al, 1999) haplotype network of mtDNA markers was

generated using NETWORK v5.0.0.0 (Fluxus Technoogy Ltd., 2004-2016).

For investigation of genetic structure, the 6 populations of B. boddarti were
divided into 2 groups based on the hypothesis of mangrove’ patchy distribution and
water currents in the Gulf of Thailand. The first group was the upper Gulf of Thailand,
included the samples from Rayong, Chachoengsao, Samut Songkram, and Petchburi.
The second group was the lower of the Gulf, included the samples from Nakorn Sri
Thammarat and Pattani. The hierarchy of genetic structure was analyzed by the
Analysis of Molecular Variance (AMOVA) using Arlequin computer program version
3.5.1.2 (Excoffier & Lischer, 2010). F-statistical analysis, namely Fcy, Fsc, and Fer, were
estimated and the significant test was carried out via permuting the data 10,000

times.
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CHAPTER 4
RESULTS

4.1 DNA Extraction

Genomic DNA was successfully extracted from fin of B. boddarti using Phenol-
Chloroform method. This protocol provided good quality and quantity of genomic
DNA. Approximately, 25 ng/ul of the DNA was obtained, which was enough amount
to perform PCR reaction. However, some samples provided little amount of the DNA.
This might be caused by low quality of the tissues of the samples, especially
samples that bought from fishermen. They keep samples in freezer for many days

before sending to the laboratory (Figure 4.1).
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Figure 4.1 Total extracted DNA from fin of each B. boddarti individual (1-6) compared
with Fast 2 marker (M) (NIPPON GENE, JAPAN) on 1% (w/v) agarose gel

stained with ethidium bromide.
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4.2 PCR Amplification

The specific sequence in mtDNA control region was successfully amplified.

The expect size of the PCR product was approximately 500 base pairs (Figure 4.2).
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Figure 4.2 PCR products of partial mtDNA control region from each individual of B.
boddarti in the Gulf of Thailand (1-9) and marker Fast 2 (M) (NIPPON GENE,
JAPAN) on 1% (w/v) agarose gel stained with ethidium bromide.

4.3 Data Analysis

The partial sequences of control region obtained in the study were
investigated on their origin using Blast in NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
The result showed that the sequences were similar to mtDNA control region of this
species (KF874277) and another mudskipper, which was Boleophthalmus pectinirostri
(KF005452). This result confirmed that the sequences are partial sequences of
control region of B. Boddarti. A total of 320 bp of the sequences from 179 individuals
of B. boddarti were collected and analyzed. The AT and CG contents were 60.9 %
and 39.1 9%, respectively. The polymorphic sites and conserved sites were 60 and
260 sites, respectively. The polymorphic sites included an insertion mutation at the

h
74" position of the sequences.
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4.3.1 Genetic Diversity

A total of 56 haplotypes were identified from 179 samples in the Gulf of
Thailand, consist of 10 shared haplotypes and 46 unique haplotypes. The details of
variable nucleotide positions of the partial control region mtDNA (Table 4.1) and the
haplotype frequencies of each sampling site from the Gulf of Thailand (Table 4.2)
were showed. Haplotypel (H1) was the most abundant. There were shared by 88
individuals (49.44%) and can be found in all populations (RY, CH, SS, PB, NK, and PT).
the frequencies of the other 9 shared haplotypes (H2, H7, H17, H14, H24, H25, H27,

H32 and H54) were in range of 2 to 7 individuals.
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The base at the 74" position in the sequences had a frameshift mutation or
insertion. Most of haplotypes did not have the Adenine in that 76" position (Table
4.1). On the other hand, there were 14 haplotypes, consist of 2 shared haplotypes
(H24 and H25) and 12 unique haplotype (H26, H30, H31, H33, H35, H38, HA0, H41,
H43, H45, H50, and H51), were found to have the Adenine insertion. In addition, the
result also showed that all samples in the inner Gulf of Thailand, namely
Chachoengsao (CH), Samut Songkram (SS), and Petchburi (PB), were not found the

insertion except 2 individual from Chachoengsao (CH) (Table 4.2).

Haplotype diversity (h) ranges were between 0.54000 (Samut Songkram) to
0.8300 (Pattani) (Table 4.3). Nucleotide diversity (TT) ranges were between 0.002905
and 0.0009417, which are Samut Songkram and Rayong, respectively. Haplotype
diversity (h) of all population was 0.7879 + 0.0676 and and nuclectide diversity (T0)

was 0.004899 + 0.003389 (Table 4.3).
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Table 4.2 Haplotype frequencies of partial mtDNA control region of 179 B. boddarti

from six locations (Rayong (RY), Chachoengsao (CH), Samut Songkram (SS),

Petchburi (PB), Nakorn Sri Thammarat (NK), and Pattani (PT)), consisting of

haplotypes, haplotype frequencies and percentage of haplotype

The Upper Gulf of Thailand The Lower Gulf | Total | Percentage
of Thailand of
RY CH SS PB NK PT haplotype

(%)
H1 14 18 17 9 21 9 88 49.16
H2 2 3 - - - - 5 2.78
H3 - 1 - - - - 1 0.56
H4 - 1 - - - - 1 0.56
H5 - 1 - - - - 1 0.56
Hé6 - 1 - - - - 1 0.56
H7 - 4 2 - - - 6 3.34
H8 - 1 - - - - 1 0.56
H9 - 1 - - - - 1 0.56
H10 - 1 - - - - 1 0.56
H11 - 1 - - - - 1 0.56
H12 - 1 - - - - 1 0.56
H13 - 1 - - - - 1 0.56
H14 - 1 - - - - 1 0.56
H15 - 1 - - - - 1 0.56
H16 - 1 - - - - 1 0.56
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The Upper Gulf of Thailand The Lower Gulf | Total | Percentage
of Thailand of
RY CH SS PB NK PT haplotype

(%)

H17 2 1 2 B - 1 6 3.34
H18 - 1 - 1 - - 2 1.12
H19 ) - 1 y - - 1 056
H20 - - 1 - - - 1 0.56
H21 - - 1 & - - 1 0.56
H22 - - 1 A - - 1 0.56
H23 - - - 4 1 - 1 0.56
H24 2 - = = 1 1 a4 2.23
H25 - - - = a4 2 6 3.34
H26 - - - - 1 - 1 0.56
H27 - - - - 2 a4 6 3.34
H28 - - - - 1 - 1 0.56
H29 ) - - - 1 - 1 056
H30 - - - - 1 - 1 0.56
H31 - - - - 1 - 1 0.56
H32 1 - - 5 1 - 7 391
H33 - - - - 1 - 1 0.56
H34 - - - - - 1 1 0.56




Table 4.2. (continued)

a3

The Upper Gulf of Thailand The Lower Gulf | Total | Percentage
of Thailand of
RY CH SS PB NK PT haplotype

(%)

H35 - - - - - 1 1 0.56
H36 - - - - - 1 1 0.56
H37 - - - - - 1 1 0.56
H38 - - - - - 1 1 0.56
39 ) ) g \ - 1 1 0.56
H40 - - - - - 1 1 0.56
Ha1 1 i / ] ] ] : ot
H42 1 i i : ] ] : ot
Ha3 1 . = = ) ] : ot
Ha4 1 ] . ] ] ] : ot
H45 1 L ) ] ¢ ] : ot
Ha6 1 . i ] ] ] : ot
HA7 1 i i ] ] ) : ot
Ha8 1 : . - - - 1 0.56
H49 1 : . - - - 1 0.56
H50 1 . . - - - 1 0.56
H51 1 . . - - - 1 0.56
H52 . . . 1 . . 1 0.56




Table 4.2 (continued)

a4

The Upper Gulf of Thailand The Lower Gulf | Total | Percentage
of Thailand of

RY CH s PB NK PT haplotype
(%)
H53 - - - 1 - - 1 0.56
H54 - - - 3 - - 3 1.68
H55 - - - 1 - - 1 0.56
H56 - - - 1 - - 1 0.56
Total 32 40 25 22 36 24 179 100
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Table 4.3 Genetic diversity indices of B. boddarti samples from the Gulf of Thailand

Sampling site

Code Number Number of

Haplotye

haplotypes diversity ( h)

Nucleotide

diversity (1T)

Chachoengsao  CH 40 18 0.7923 + 0.0650 0.005972 + 0.003861
Nakorn Sir NK 36 12 0.6556 + 0.0882 0.007324 + 0.004552
Tammarat

Pattani PT 24 10 0.8300 + 0.0681 0.008872 + 0.005413
Petchburi PB 22 8 0.7879 + 0.0676 0.004899 + 0.003389

Rayong RY 32 16 0.8105 + 0.0708 0.009417 + 0.005614

Samut SS 25 % 0.5400 + 0.1170 0.002905 + 0.002309
Songkram

All population 179 56 0.788+0.033 0.00858+0.00122
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4.3.2 Genetic Structure of Populations

Most of pairwise genetic distances were significant between the populations
of the inner Gulf of Thailand and lower Gulf of Thailand. However, there were no
significant genetic differentiation between Rayong (RY) and Nakorn Sri Thammarat
(NK), and between Rayong (RY) and Pattani (PT) (Table 4.4). As far as the cladogram
obtained from pairwise genetic was concerned, the populations of B. boddarti in the
inner Gulf of Thailand, namely, Chachoengsao (CH), Samut Songkram (SS), and
Petchburi (PB), were grouped together. Rayong (RY), which is located in the upper
Gulf of Thailand, was not in the group. However, there was unclear genetic structure
among the populations under this study (Figure 4.3). The result of Mantel test also

showed no correlation between genetic and geographical distances (p>0.05).

Median joining haplotype network showed the star-liked form and can be
defined into two groups. In group |, there were a common haplotype (HO1) found in
all sampling sites and unique haplotypes having few mutation points compared with
the common haplotype (HO1) sequences (Figure 4.4). However, the haplotype (H9)
has the highest number of point mutations in the group and found only one sample
from Nakorn Srit Thammarat (NK). Most of the samples from the inner Gulf of
Thailand, namely Chachoengsgo (CH), Samut Songkram (SS), and Petchburi (PB), were
the members of group I. However, there was a small group, called group I, consisting
the samples from Chachoengsao (CH), Rayong (RY), Nakorn Sri Thammarat (NK), and

Pattani (PT) (Figure 4.4).
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Table 4.4 Pairwise difference of F¢; (below diagonal) and associated P-values (above
diagonal) among blue-spotted mudskipper populations in the Gulf of
Thailand. (* indicated statistical significance P<0.05)

Distance method: Pairwise difference

NK PT RY CH SS PB
NK 0.811 0.117 0.000* 0.045% 0.000*
PT -0.01636 0.072 0.000* 0.009*% 0.000*
RY 0.01554 0.02892 0.000* 0.018* 0.000*
CH 0.05855 0.05367 0.05570 0.613 0.000*
SS 0.07231 0.06123 0.06221 -0.00548 0.000*
PB 0.16159 0.14710 0.13457 0.13299 0.17158
RY
CH
SS
PB
NK
PT

Figure 4.3 Neighbour-Joining (NJ) tree generated by pairwise genetic distances
among six sampling sites within the Gulf of Thailand (Rayong (RY),
Chachoengsao (CH), Samut Songkram (SS), Petchburi (PB), Nakorn Sri
Thammarat (NK), and Pattani (PT)).
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Group |l

Figure 4.4 Median joining haplotype networks of partial control region in mtDNA of B.
boddarti in the Gulf of Thailand. Haplotypes are represented as circles,
with the size of each circle proportion of haplotype’s frequency. Short line
strokes represent the number of nucleotide sequence changes between

the individual haplotypes. White circles represent missing haplotype.
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The Analysis of Molecular Variance (AMOVA) showed that there was no
significant difference between the populations of upper and lower Gulf of Thailand
(Fer=0.02461 (p=0.13099)). However, there were significant genetic differences of the
populations within group (Fsr = 0.07800, P-value <0.001) and within population (Fsc =
0.05474, P-value < 0.001) was significantly high (Table 4.5). Most of the variation was
contributed to within populations (92.20%), while the percentages of variation among
the groups and among populations within groups were only 2.46.and 5.35,
respectively. The percentages of each variation were the same trend with the
variance components and fixation indices. The variance components of among
groups, among populations within group, and within population were 0.02844,

0.06170, and 183.261, respectively.
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Table 4.5 Hierarchical analysis of Molecular variance (AMOVA) of mtDNA haplotypes
among blue-spotted mudskipper from two groups , which are the upper
Gulf of Thailand (Rayong (RY), Chachoengsao (CH), Samut Songkram (SS),
and Petchburi (PB)) and the lower Gulf of Thailand (Nakorn Sri Thammarat
(NK) and Pattani (PT)). The P-value is based on 1000 random permutations

of the data matrix.

Source of d.f. Sum of Variance Percentage Fixation P-value
variation squares components of variation Indices

Among 1 5.226 0.02844 2.46 Fcr:0.02461 0.13099
groups

Among 4 11401 0.06170 5.34 Foc : 0.05474 0.00098
populations

within

group

Within 172 183.261 1.06547 92.20 Fsr: 0.07800 0.00000
population

Total 177 199.888 1.15561
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CHAPTER 5
DISCUSSION

5.1 Genetic Diversity

The genetic diversity of B. Boddarti from 6 locations in the Gulf of Thailand
was investigated using partial MmtDNA control region sequencing analysis. Two
diversity indices, namely, haplotype diversity (h) and nucleotide diversity (), were
estimated (Nei & Li, 1979). The average haplotype diversity and nucleotide diversity
values were 0.788+0.033 and 0.00858+0.00122, respectively. These values indicated
higsh haplotype diversity and moderate nucleotide diversity of the populations in the
Gulf of Thailand as reported in B. pectinirostris from the North-Western Pacific coast.
The average haplotype diversity and nucleotide diversity of B. pectinirostris
populations estimated from partial Cyt b sequences were 0.9645+0.006 and
0.00636+0.00021, respectively (Chen et al, 2015). The similar results of genetic
diversity were also found on the estuarine tapertail anchovy Colila ectenes (Ma et al,
2010), Cyprinid Opsariichthys bidens (Perdices et al, 2005), and the white croaker
Pennnahia argentata (Han et al, 2008). The high haplotype diversity and moderate
nucleotide diversity values indicated the pattern of the large population that has
rapidly been expanded from a small one which permits retention of the new

mutations (Grant & Bowen, 1998; Stepien, 1999).

The results from this study showed that the genetic diversity of the the
inner Gulf of Thailand populations, namely Petchburi (PB), Chachoengsao (CH),
especially in Samut Songkram (SS), was lower than the other populations in the Gulf
(Table 4.3). There are many physical and biological factors that can affect the genetic

diversity of marine fishes, such as physical barrier (Boicourt, 1988), habitats loss
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(Whitmore & Sayer, 1992), anthropogenic activities (Liu et al, 2009) , and migration
and dispersal ability (Caley et al, 1996) (see also section 2.1.6). In the past two
decades, industrialization and economic development is rapidly increased in the
inner Gulf of Thailand. There have been many anthropogenic activities, such as
aquacultures, ports, and domestic, agricultural, and industrial wastes (Wattayakorn,
2006). The coastal development has exerted stress on the marine environment and
the habitats, especially mangrove areas, which are rapidly decreased (Cheevaporn &
Menasveta, 2003). The habitat reduction can cause a demographic bottleneck and a
decrease in genetic variation (De Jong et al, 2011). In Samut Songkram population,
the lowest genetic diversity was found. The area is mostly covered by the mud flat
and has no mangrove area. Mangrove swamps play a vital role as nursery grounds for
fish. Lack of mangrove could then affect the larval supplies and recruitment of the
area (Robertson & Duke, 1990). In addition, the anthropogenic activities, such as
shellfish farming, shrimp farming, short mackerel fishing, and tourisms can also have
an effect on the reduction of the habitats and populations of mudskipper in the
area. For these reason, low genetic diversity of Samut Songkram population was
found. There were haplotypes found mostly on the samples from lower Gulf of
Thailand (Nakorn Sri Thammarat and Pattani) and the East of the Gulf (Rayong). The
haplotypes had Adenine insertion at 74" position on the sequences (Table 4.1 and
Table 4.2). The occurrence of these haplotypes was a reason that caused the overall

high genetic diversity of the populations.

There were 46 unique haplotypes (82.14%) from a total of 56 haplotypes
found in this study. The high percentage of unique haplotypes was also reported in
B. pectinirostris which were 80% in Cyt b (Chen et al, 2015) and 88% in control region
(Kanemori et al, 2006). These indicated that the blue-spotted mudskipper in the Gulf

of Thailand had high genetic diversity and showed that the reproductive ability of
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female's mudskipper have been efficiently performed in the Gulf of Thailand and the
anthropogenic activities have less effect on the genetic diversity of the mudskipper
populations in the present. The H1 haplotype was the common haplotype (around
50 percent of the total 179 samples). It was shared in all of populations, suggested

that it could be the ancestral haplotype (Figure 4.4).

5.2 Genetic Structure

Most marine organisms have migratory adults and dispersal ability of the
pelagic larval stage, which can play an important role in gene flow and genetic
structure of the populations (Taylor & Hellberg, 2003). However, for the mudskippers,
juveniles and adults are more likely to stay in their habitats after settling (Hong et al,
2007; Murdy, 1989). Therefore, gene flow between populations should be mostly
dependent on the dispersal ability of their pelagic larvae (Chen et al, 2015). In some
cases, the life history of mudskipper should be considered as those of marine sessile
animals. In this study, there was unclear genetic structure between the populations
of B. boddarti in the upper and lower Gulf of Thailand. As far as the genetic structure
of marine organisms in the Gulf is concerned, similar results were reported in the
studies on other marine fishes in the area, such as short mackerel Rastrellicer
brachysoma (Srinulgray, 2008), and Greenback mullet Liza subviridis (Suppapan,
2015). However, the adults of those fishes are pelagic. For sessile animals
populations in the Gulf of Thailand, there were reported on green mussel Perna
viridiis (Prakoon et al, 2010), and the surf clam Paphia undulata (Donrung et al, 2011).
Both studies showed the genetic structure among the populations of the species in
the Gulf of Thailand. The short planktonic larval period (about 2 weeks) and the
currents might be the cause of the genetic differentiation of the two species.

However, Zhang et al (1989) and Chen et al (2015) reported that the planktonic stage
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of mudskippers in genus Boleophthalmus was approximately 30-42 days before they
develop to be the juvenile and settle on the mudflats. This indicates that the larval
dispersal ability of mudskipper is much longer than those mollusk species and it
could play an important role in the genetic homogeneity of B. boddarti populations
in the Gulf of Thailand. Furthermore, B. boddarti have high fecundity (about 10,000
to over 30,000 eggs) (Quang et al, 2016). High fecundity strategy of marine species
with pelagic larvae can appear to cope the large-scale marine environment by

producing many offspring (Winemiller & Rose, 1992).

In the previous studies on the mudskipper (B. pectinirostris) in the North-
Western Pacific coast using complete sequence of Cyt b gene (Chen et al, 2015) and
partial sequences of control region (Kanemori et al, 2006), the results showed that
there were significant genetic differentiation among the populations in Japan and the
other parts of North-Western Pacific coasts. The different results between this study
and the previous studies may be caused by the scale of study areas. The previous
researches were studied in the board scale geography, covering the North-Western
Pacific coasts, covering many countries, namely Japan, Korea, China, and Vietnam.
Therefore, the fish or the larvae might not migrate or disperse throughout the area.
However, they suggested the populations in the North-Western Pacific coast were
isolated during the late Pleistocene period and the different temperature zones in
the area might be the physical barrier of the species. In contrast with this study, the
Mantel’s test showed no correlation between geographical and genetic distances.
This suggested the fish or the larvae could migrate or disperse throughout the area,
correspondent to the result of AMOVA that showed no genetic differentiation
between the group of populations in the upper and the lower Gulf of Thailand. The
high percentage of variation within populations (92.20%) and low percentage of

variation among group (2.46%) also inferred no genetic structure in the study area.
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Although, no significant genetic structure of B. boddarti populations in the Gulf of
Thailand was found in this study, the Neighbour-Joining (NJ) tree generated from
pairwise genetic distances , showed a group of the populations in the inner Gulf of

Thailand, namely, Chachoengsao, Samut Songkram, and Petchburi.

Oceanographic characteristics can influence dispersal ability of marine
fishes (Giovannotti et al, 2009; McManus & Woodson, 2012). The inner Gulf of
Thailand has been affected by the rivers discharge, including Bang Pakong, Chao
Phraya, Tha Chin, and Mae Klong. The four major rivers create complex gyre patterns.
They are counterclockwise between April to September, but clockwise between
October to March. (Sojisuporn et al, 2010). The gyre might retain the larvae in the
inner Gulf of Thailand and be the cause that the populations of the inner Gulf of
Thailand were grouped together. There was also the difference of current circulation
patterns between the upper and lower Gulf of Thailand. These could be presented
as a natural barrier for the larval dispersals between the two areas. In addition, the
difference of salinity and temperature between the areas might cause of the genetic
difference. The discharges of four major rivers create a two-layered estuary that the
lower-salinity shallow layer is affected by these discharges. In the contrary, the other
parts of the Gulf of Thailand got the high salinity and cold water from the South
China Sea (Robinson, 1974). The different of salinity can be a physical barrier to
separates the population of mudskipper (Chen et al, 2015). Despite, the complexity
of water current patterns in the Gulf of Thailand, no significant genetic differences
between the populations of the upper and lower of the Gulf might be result of the
speed of water current. The water velocity is influenced by the North-East and
South-West monsoons. The average velocity of current in the spawning period of B.
boddarti was about 10 km/day or 300 km/month during the monsoon season

(Snidvongs & Sojisuporn, 1997). The high velocity of the current in the spawning time
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can facilitate the larval dispersals of B. boddarti. It allows the gene flow among the
populations in the Gulf of Thailand and causes no genetic structure of B. boddarti in

the area.

The occurrence of haplotypes having A (Adenine base) insertion at 74"
position of the sequences was found on the samples from the East (Rayong (RY)) and
the South (Nakorn Sri Thammarat (NK) and Pattani (PT)) of the Gulf of Thailand
(Figure 4.4 (Group I)). There should be the recruitments of Rayong (RY) obtained from
Nakorn Sri Thammarat (NK) and Pattani (PT). The currents and ballast water could be
the factors that bring the recruitment from the South to the East populations of the
Gulf. The currents in the Gulf of Thailand move from the southern to the eastern
part during the spawning season of mudskipper (August to October) (Quang et al,
2016). The planktonic larvae might be dispersed by the current from the southern
part to the eastern part. Moreover, the planktonic larva of this fish may be
transported by ballast water from the ships (Gollasch et al, 2000), that cruise from
the Songkla port (the southern part of the Gulf of Thailand) to the Map Ta Put and
Laem Chabang ports (the eastern part of the Gulf of Thailand). Zhang et al (2016)
had investigated the complete mMtDNA genome of blue-spotted mudskipper,
Boleophthalmus boddarti (KF874277), in Malaysia. The sequence in D-loop had an
additional Adenine base (A) at the same position as the sequences in Group Il found
in this study. This result suggested that the original of these haplotypes might be

from the Southern area of the Gulf of Thailand and the Malay Peninsula.

5.3 Implication on Conservation and Stock Management

The level of genetic variation and population genetic structure,
determined by DNA analysis (Benzie, 2000), are fundamental information used for

management plan of natural resources (Avise, 1994). The exploratory research of
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population genetics, especially focusing on genetic diversity and structure, would
provide a basic knowledge for future management and conservation program. An
assessment of the genetic diversity would assist in modeling specific populations for
the current status (Avise, 1989). In this study, the average genetic diversity of B.
boddarti populations in the inner Gulf of Thailand was lower than the others in the
Gulf. It could be the result of the reduction of mangrove areas and pollution, which
are mainly caused by anthropogenic activities in the area (Wattayakorn, 2006).
Therefore, to protect the populations of mudskipper in this area, the conservation of
mangrove forest and environmental protection are needed. There was no significant
genetic differentiation between the populations in the upper and lower Gulf of
Thailand and the mantle’s test also show no correlation between genetic and
geographical distances. The results indicated that the blue-spotted mudskipper has
gene flow throughout the area and the populations of B. boddarti in the Gulf of
Thailand could be treated as one stock, when the conservation of the species is

required.

Therefore, the results of population genetic structure and their genetic
diversity information from this study might be used for the purpose of effective
conservation and management plans of B. boddarti in Thailand. However, for the
efficient and sustainable use of B. Boddarti in Thailand, more basic knowledge are
needed, for example, biology of fish (reproductive characteristics and periods),

genetic structure, and population dynamics (migration and recruitment).
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