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Abstract. Madduppa H, Margaretha MK, Bramandito A, Prartono T, Subhan B, Arafat D, Anggraini NP. 2019. Short Communication:
Intraspecific genetic diversity and population subdivision of rabbitfish (Siganidae: Siganus canaliculatus) in urbanized reefs of Jakarta
Bay, Indonesia. Biodiversitas 20: 2897-2902. Indonesian coral reefs and seagrass are heavily influenced by human activities through
pollution and habitat loss, and sea-level rise or the increase of ocean temperature due to the global change. In the Jakarta Bay and Seribu
Islands, marine communities have been impacted by an increase in eutrophication and sedimentation levels. As a result, these habitats
became degraded and could affect their associated organisms such as rabbitfish. Genetic diversity and population structure can provide
information about a long-term condition in an aquatic organism. The study was conducted to assess genetic diversity and population
structure of rabbitfish (Siganus canaliculatus) across an environmental gradient in Jakarta Bay and Seribu Islands. A total of 31
individuals were collected using gillnet in study sites. A molecular marker mitochondrial Cytochrome oxidase 1 (CO1) was used to
amplify DNA. The result of the phylogenetic tree formed two major clades, which generally separate northern and southern region of
Seribu Islands populations. AMOVA analysis showed significant genetic differentiation between the population of Siganus
canaliculatus in the north zone (National Park) and south zone Seribu Island (Fst = 0.38, p<0.005). The highest haplotype diversity
(Hd) of Siganus canaliculatus contained was observed in the north (Pulau Semak Daun) and south (Pulau Damar) in both as moderate
(0.50). Nucleotide diversity (ceA) of Siganus canaliculatus was categorized as low (0.076) to moderate (0.500). Environment and
humans seem to affect the value of genetic diversity, and as the study suggests, a significant population subdivision makes this

population vulnerable.
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INTRODUCTION

The rabbitfish (locally known as Baronang) is a group
of marine fish that belong to family Siganidae, which
usually grouped when they are feeding and very easy to
find in seagrass (Madduppa 2014). Rabbitfish is
herbivores, they are feeding on seagrass and associated
with epiphytic seagrass (Latuconsina et al. 2012;) and
macroalgae (Fox and Bellwood 2008; Fox and Bellwood
2008; Fox et al. 2009). This fish also are known as
phytoplankton eaters and eat artificial plants (Paruntu
2015) also other artificial feed (Tacon et al. 1990; Laining
et al. 2017). Marine fish such rabbitfish become valuable
commodity due to their protein source for million people
worldwide and source of livelihood (Jennings and Polunin,
1996; Allison and Ellis 2001; Badjeck et al. 2010). The
rabbitfish is a popular as good seafood, tasteful, and well-
liked, lead them as an important economic value for local
fishers (Paruntu 2015). They have been consumed by local
people or traded in the fish market. The high demand for
this fish can lead to disruption of fish stocks in nature,
especially in Seribu Islands region and some area in

Arabian Gulf (Grandcourt et al. 2007). The decrease of the
population could lead to an increase in genetic shifting and
subside of allele (Garza and Williamson 2001). In addition,
populations can turn into homozygotes due to high
heterozygosity and reduced alleles. (Lande 1988;
Frankham 2005; Willi et al. 2006 ). genetic diversity and a
decrease in heterozygosity can be seen in the bottlenecked
population (Nei et al. 1975, England et al. 2003). Gene
variations within a species both among populations
separated geographically and among individuals in a
population are the understanding of genetic diversity.
Genetic diversity can occur because of changes in
constituent nucleotides of DNA (deoxyribonucleic acid).
The amount of genetic diversity in the population is
determined by many genes that have more than one allele
(gene polymorphism), and the number of alleles at each of
these genes.

The Kepulauan Seribu is located north of Indonesia's
capital city, Jakarta which consists of 110 where Jakarta is
occupied by around 10 million residents (Brinkhoff 2011),
represent effective to assess impact on coral reef
ecosystems (Baum et al. 2015; Damar et al. 2019). National
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Park of Seribu Islands located in the north of Jakarta Bay,
administratively included in the village of Panggang Island
and Kelapa Island (Fahlevy et al. 2019). The management
of the islands surrounding into divided zone waters has 9
Islands (4410.8 ha), protected zone 15 islands (13798,84
ha), intensive use zone 28 islands (12913.84 ha) and
traditional use zone 26 islands (75669.26 ha) (TN Laut
Kepulauan Seribu 1999).

Effect of overexploitation and habitat degradation can
cause a reduction in genetic diversity (Toro et al. 2005,
Markert et al. 2010, Martinez et al. 2018), which can also
occur in remote locations where threats are not controlled.
Genetic diversity can also provide useful information about
a long-term condition in Inroads aquatic organisms.
However, there is no information about this so important in
this study to determine the genetic diversity of this species.
Therefore this study was conducted to assess genetic
diversity and population structure of rabbitfish (Siganus
canaliculatus) across an environmental gradient in Jakarta
Bay and Seribu Islands.
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MATERIALS AND METHODS

Sample collection

A total of 31 individuals from 7 localities throughout
the Seribu Islands were collected using gillnet in coral reefs
and seagrass habitats during several expeditions between
September and October 2015 (Figure 1). Caudal fins tissue
in 95%

were collected and preserved
subsequent analysis.

DNA extraction, amplification, and sequencing

Genomic DNA from each sample was extracted using
an extraction kit (gSYNC™ DNA Extraction Kits
GENEAID). A fragment of mitochondrial Cytochrome
Oxidase subunit-l gene (COI) was amplified using the
following primer set: CO1-510 (Forward) CAT GAA ACC
TCC YGC TAT YTCC and CO1-1286 (Reverse): TGT
TGT GGG AAG AAA GTY AGR TT (Gotanco et al.

2010).
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Figurel. The localities (circles) of samples of Siganus canaliculatus used for the analyses of population structure in Seribu Islands,

Jakarta Bay, Indonesia in this study
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Polymerase Chain Reaction (PCR) was conducted in 26
uL reaction volume containing one uL template DNA, 12.5
puL of Kapa Mastermix, ten uL ddH20, 1.25 pL of each
primer. PCR conditions were: initial denaturation at 94°C
for 3 m, followed by 40 cycles of denaturation at 94°C for
30 s, annealing at 58°C for 30 s, and extension at 7°C for 2
m. The final extension step was conducted at 72°C for 5
min. The quality of PCR products was assessed by agarose
gel electrophoresis and ethidium bromide staining and
visualized using UV transilluminator. All good PCR
products were sent to 1% Base, Malaysia.

Data analysis

Sequences were aligned and edited in Mega 6.06
(Tamura et al. 2013). Genetic diversity using haplotype
diversity (Hd) and nucleotide diversity (m). DnaSP 5
(Rozaz et al.. 2003) was used to analyze a number of the
haplotype diversity (Hd) (Nei, 1987) and nucleotide
diversity (m) (Lynch and Creasef 1990). A Neighbour-
Joining (NJ) tree was constructed in Mega 6 (Tamura et al.
2013) based on Kimura 2-parameter model, and 1000
bootstrap replicates. Epinephelus malabaricus was utilized
as an outgroup in phylogenetic reconstruction. Genetic
distance (D) was calculated within and between
populations. Dendrogram was reconstructed using Minitab
14. Using Arlequin 3.5 (Excoffier and Lischer 2009) was
used to investigating the phylogenetic relationship among
haplotype using AMOVA (Analysis Molecular Variance).

RESULTS AND DISCUSSION

Genetic diversity

The genetic diversity of each population showed that
haplotype diversity is quite varied, ranging from 0.07 to
0.50. Haplotype diversity of the lowest on the Pangang
Island and Untung Jawa Island, while the highest was in
Pramuka Island and Damar Island at 0: 50. The high
genetic diversity can be caused populations that are large
so allow random mating between individuals. From the
results obtained in Table 1 of genetic diversity included in
the low category with a value of 0.076 to 0.500 medium
category. Values obtained genetic diversity can be affected
by some individuals who obtained at each location. The
more the number of individuals who observed it will
represent the diversity of a population and will affect the
value of genetic diversity within the population. Low
genetic diversity enables individuals susceptible to disease
or environmental change ( Blomgvist et al. 2010, Agha et
al. 2018). Unlike the case with high genetic diversity can
produce many offspring characteristics of the individual.

Nucleotide diversity (ceA) ranged between 0.010 and
0.104. Lowest nucleotide diversity in the population was in
Semak Daun Island, and the highest was in Panggang
Island. The overall value of 0: 50 haplotype diversity and
nucleotide diversity at 0.10. High genetic diversity enables
an organism to survive any changes in the environment
(Freeland et al. 2011). The more diverse types of composite
haplotype genetic population level of genetic diversity in a
population will be higher and vice versa (Smith et al.
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1981). Nucleotide diversity (ceA) is accurate parameters to
describe genetic diversity. Positive elements using
nucleotide diversity does not depend on the sample size
and the length of DNA (Nei 1987). The genetic diversity of
the lowest in Untung Jawa Island and Panggang Island.
According to Athena and Inswiasri (2009) Untung Jawa
Island waters polluted due to the influence of the island's
proximity to the Gulf of Jakarta, this is evidenced by the
value of genetic diversity in Untung Jawa Island by 0076.
While Panggang Island has low values may be due to the
influence of human activity on the island including the
island which has a population that is fairly dense (Faiqoh et
al. 2015; Fahlevy et al. 2017; Fahlevy et al. 2019).

Population genetic structure

In Figure 2 showed two major clades. Large clade 2
(green) comes from the southern zone in the Seribu Islands
(Damar Island, Bokor Island, Untung Jawa Island). In clade
one shows the results of several individuals from the
southern zone are in the clade. For example, the island of
ITK_P.Untung_Jawa_173 with ITK_P.Untung_Jawa_158.
This can occur because of the influence of the individual
fish have different reactions to the environment.
Reconstruction of phylogenetic trees is a diagram to show
the relationships among species based on similarities and
differences in their physical characteristics or their
genetics. In Figure 1, there are two major clades, in the first
major clade clade-clade are small. This may indicate a
difference in the nucleotide composition and genetic
distance between populations. Between the two major
clades, clade one and clade two have a genetic distance of
0.049, which means there are 49 different base pairs than
1000 base pairs. Both of these resulting in the two major
clades in the phylogenetic tree. Saleky et al. (2016) say that
the individual is in the same population but showed
differences in nucleotide composition high enough it can be
due to the effect of migration.

Differences in the composition of the nucleotide bases
between individuals can show genetic differences. The
difference could be due to the influence of different
populations. According to Freeland et al. (2011), different
populations indicate a possibility of different habitats as
well as their genetic differences. Habitat conditions can
affect an individual's genetic material within a species.
Genetic differences between populations are usually
influenced by several factors such as gene flow and natural
selection.

Table 1 Genetic diversity shown by Haplotype diversity (Hd) and
nucleotide diversity (ceA) with their number (N) at each sampling
site

Sampling site N Hd ceA
Damar 2 0.500 0.028
Bokor 5 0.126 0.046
Untung Jawa 7 0.076 0.068
Semak Daun 2 0.500 0.010
Pramuka 4 0.176 0.019
Panggang 7 0.076 0.104
Kelapa 4 0.176 0.067
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Figure 2 A Neighbour-Joining (NJ) phylogenetic tree reconstruction using 31 sequences of Siganus canaliculatus based on Kimura 2-

parameter model and 1000 bootstrap replicates

The population Siganus canaliculatus on national park
status zones (north) and south of Seribu Islands was
significantly different, revealed by AMOVA analysis (Fsr
= 0.38, p<0.05) (Table 2). Gene flow associated with
geographic isolation is affected by the geographical
distance and the complexity of biodiversity (Wu et al.
2015). According to Mulyasari et al. (2010), population
with a low level of differentiation that can be caused
because of the many similarities between populations
genetic element. The results obtained prove that among the
population do not have so much in common genetic
elements, and therefore make them vulnerable.

Tabel 2. Genetic differentiation (Fst) between and among
populations revealed by AMOVA

Variation

Sources of variation  d.f. (%) Fst p-value
Between populations 1 37.96 0.379  <0.05
Among Populations 29 62.04

Total 30
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Figure 3 Dendrogram genetic distance matrix showing
percentage similarity Siganus canaliculatus between populations
with a cut-off 70% forming three main groups

The lowest genetic distance between populations was
observed Pramuka Island and Semak Daun Island, and
between Pramuka Island and Panggang Island, in a value
0.007 which mean at 1000 base pairs of nucleotides
contained seven different nucleotide base pairs. These sites
are close to each other. While the highest genetic distance
was 0.062 between Kelapa Island (north) and Damar Island
(south), meaning there are 62 different pairs of nucleotides
at 1000 nucleotide base pairs. The highest value obtained
may be affected because of the location of Damar that is far
enough apart to Kelapa Island. The genetic distance shows
there is a genetic relationship between populations. The
lower the value of genetic distance indicates a very close
relationship, and similarity to a target gene CO1 has a
value closer genetic distance between species (Jefri et al.
2015). The higher the value obtained, the more genetic
relationship distance between individuals (Akbar et al.
2014; Toha et al. 2016). The genetic distance which less
than 0.2 due to their relationship in a species.

In Figure 3, three groups were formed after cut-off in
>70% similarity, namely (i) Damar Island, (ii) Untung
Jawa Island, (iii) Bokor Island, Kelapa Island, Panggang
Island and Pramuka Island. In the third group, there were
subgroups of the main group formed namely, Kelapa Island
and Bokor Island, and Semak Daun Island, Pramuka Island,
and Panggang Island. It can be proved that the genetic
relationship between Pramuka Island and Panggang Island
has a value of 0.007 at 1000 pairs where there are seven
pairs of different (Table 3). Location can affect these
values; it can be seen that the Pramuka Island adjacent to
Panggang Island, evidenced by the results that the island
was included in one group. Unlike the case between Kelapa
Island and Bokor Island included in one group, the genetic
relationship is quite close to the value of 0.024; it can occur
due to human factors or relating to such feeding fish
(Madduppa et al. 2013; Bramandito et al. 2018). We can
see in Kelapa Island, and Bokor Island has a quite low
genetic distance (Table 3), this can occur because of
individuals of the highly migratory fish which is quite far
with the aim to be able to survive. At the farthest genetic
distance of Damar Island to Kelapa Island with a value of
0.062, this can happen because the distance between the
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Tabel 3 Genetic distance of Siganus canaliculatus between
populations

an;xgg Kelapa S;;Tﬁ]k Pramuka Panggang Bokor
Kelapa 0.034
Semak Daun  0.029 0.012
Pramuka 0.029 0.008 0.007
Panggang 0.030 0.009 0.010 0.007
Bokor 0.035 0.024 0.020 0.016 0.019
Damar 0.038 0.062 0.055 0.056 0.057 0.050

two islands is entirely possible to have a relatively high
genetic distance.

In conclusion, the intraspecific genetic diversity and
genetic structure between north and south population of
study sites differed significantly. This study suggests that
environment and humans seem to affect the value of
genetic diversity of Siganus canaliculatus in Seribu Islands
and Jakarta Bay.
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