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Abstract

Bar-cheek coral trout (P, leopardus) is the flagship of the grouper in the live fish
market in Asia. Unfortunately, the potential of the grouper is still partly produced
from natural catches. Even though hybridisation activities have also started to be
carried out, there still have not been many studies on the genetic diversity of these
fish. The application of molecular identification has been widely applied in marine
aquatic animal species, which are very likely to occur due to errors in terms of
shape and colour in the morphological character. DNA information has been
beneficial g efforts to the breeding program and develop grouper aquaculture
activities. DN A barcoding was used for the molecular identification and haplotype
€ER:lysis of P. leopardus from two locations in Gorontalo, Sulawesi, Indonesia.
A total of 14 fish samples were collected from two traditional fish markets
around Kwandang and Sumalata Gulf in the northern part of Gorontalo Province,
Sulawesi. This study identifiggEind found three haplotypes from both regions.
Molecular identification using Cytochrome ¢ Oxidase subunit [ (COI) gene region
on mitochondrial DNA. Besides Mega7 for phylogenetic reconstruction, the
data analysis using DnaSP6, Arlequin Ver.3.5.2.2, and Network 5.0.1.1. The first
Haplotype is a mixed population between the Kwandang Gulf and the Sumalata
Gulf, then the Kwandang Gulf haplotype and the Sumalata Gulf haplotype. The
genetic distance between Kwandang Gulf haplotype and Sumalata Gulf haplotype
is 0.003984, classified as a shallow genetic distance and needs more samples from
another region to figure out leopard coral grouper around Indonesia.
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1. Introduction

Coral trout and groupers are closely associated
with @Jal reef ecosystems (Lieske and Myers, 2002).
The Leopard coral grouper Plectropomus leopardus
(Lacepéde, 1802) is a grouper that is currently receiving
a high level of attention in aquaculture activities in In-
donesia (Andamari er o/, 2007; Halim, 2001). This fish
commodity is the flagship of the grouper types known in
the live fish market in Asia and some countries globally
(Chiuer al., 2008). Exciting market potential of grouper
species with a significant development shown at 8-16%
in aquaculture activities in the 1900s (Pomeroy, 2002).
Some reasons that make grouper an aquaculture com-
modity are that this fish can weigh up to 400 kg and
reach up to 2.5 meters in body length (Heemstra, 1993),
At the juvenile stage, the superiority of groupers, other
than as consumption fish, is also an attractive ornamen-
tal fish with a promising export market potential (ITalim.
2001). As both consumption fish and ornamental fish,
the trade-in fresh live grouper has become an essential
orientation with very lucrative market prices to export
these fish to several countries in Southeast Asia such as
Singapore, Hong Kong, and China (Nuraini and Har-
tatl, 2006), United States, and Europe (Halim, 2001).
Taiwan’s species of bar-cheek coral trout is the leading
export destination with around 82%, while the rest goes
to other Asian countries (Andamari ef a/., 2007). Inter-
estingly, this market potential is still partly generated
from the catch of nature, which ultimately led to the
grouper exploitation, which is relatively high. Several
species of the genus Epinephelus are now classified as
endangered species (Morris ef al., 2000), including gi-
ant groupers (E. lanceolatus) and Napoleon wrasse (C.
undulatus), which are currently vulnerable since 1996
by TUCN (Halim, 2001).

Aquaculture activities on leopard coral grouper
were conducted to reduce the high level of fishing ac-
tivity. With the increased demand and market prices of
grouper, studies on aquaculture development on various
aspects have been carried out, such as reproductive as-
pects (Andamari et al., 2007), larvae (Melianawati et
al., Jgg%P), and growth of grouper in floating net cul-
ture (Kongkeo et al., 2010; Rimmer et al., 2013). Coral
reefs are ideal for many fish, including this coral grou-
per, with a high diversity among grouper fish groups.
Research on a variety of groupers in the waters of Bali
shows considerable potential with 54 species (5.5%) of
the composition of reef fish (Allen and Erdmann, 2013),
while the Wallacea region in the Togean and Banggai
islands complex shows a similarity of 46 species (5.6
%) of reef fish composition in the area (Allen, 2001).
Nonetheless, global research on groupers shows very
high diversity in 102 species (Serranidae), including 30
species of Plectropomus (Allen and Adrim, 2003),
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The study of genetic diversity by phylogenet-
ic relationships between fish in Family Epinephelinae
(Serranidae) is still needed and essential because of the
complexity of this family members (Craig and Hastings,
2007). The distribution offfrouper habitat spread across
the Indo-pacific regions (Heemstra and Randall, 1993;
Unsworth et al., 2007; Van Herwerden et al., 2002) of-
fers opportunities for greater diversity between species
due to differences in geographic distribution, character-
istic of sea waters, as well as the unique conditions in
each water especially the waters in the islands. The reef
fish speciation process will also be very diverse, sup-
porting diversity created in coral reef ecosystems (Ro-
cha and Bowen, 2008). So the study of genetic variation
is essential enough to support leopard coral grouper
aquaculture activities.

Molecular-based genetic studies have rec-
ognised the differences in the order of the nucleotide
bases Etheir DNA. This molecular identification is
called DNA barcoding. The ability of DNA barcoding
applies not only to intact and fresh specimens; iden-
tificatiofffan still be made even on fragmented tissue
pieces (Hebert e a/., 2003). This identification process
is the advantage of DNA barcoding in overcoming bias
when morphological identification is carried out on reef
fishes with morphological similarities. DNA barcoding
is increasingly widespread and can be applied to pro-
cessed products with challenging morphology identifi-
cation (Giusti et al. 2017; Pepe et al., 2007). With al-
most 100% accuracy, DNA barcoding applications have
become very famous and can be used in various envi-
ronmental conditions (Mever and Paulay, 2005),

At present, the cytochrome ¢ subunit [ gene
(COI) in the region of mitochondrial DNA is a univer-
sal gene marker for species identification. We success-
ful analysed the genetic diversity on the COI Sequence
of leopard coral grouper of Gorontalo (P, leopardus) to
avoid breeding activities of this grouper from the close
region in Sulawesi. This condition is possible because
maif researchers have deposited genetic information in
the GenBank database. GenBank has become central to
depofling diversity from all parts of the world. Scien-
tists have demonstrated their effectiveness in conduct-
ing DNA barcodingffpm freshwater fish (Hubert ez al.,
2008; Kadarusman et al., 2012), marine fish (Alcantara
Yambot, 2016; Andrivono et al., 2020a; Bingpeng
et al., 2018; Lakra et al., 2011; Wang et al_, 2012; Ward
et al., 2005), and also deep-sea fish (Morita, 1999), Due
to the mitochondrial DNA having a higher mutation rate
and inheriting the maternal gene, researchers can study
the evolution between species and within the same spe-
cies (Waugh, 2007). This report identified the leopard
coral grouper P. leopardus from two areas in Gorontalo
through a molecular approach. In addition, the analysis
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of the resulting COI sequence is to determine the ge-
netic distances and the number of haplotypes between
the two populations. We hope this information on DNA
barcoding of the leopard coral grouper P. leopardus can
add genetic data to potential marine fish from Wallacea
(Sulawesi) to be developed in aquaculture activities.

(16
2. Materials and Methods
2.1 Sampling Site

A total of 14 fish samples were collected from
the two traditional fish markets around the Kwandang
Gulf (TK; 0°53°39” N 122°54°40” E) and the Sumala-
ta Gulf (TS; 1°00°53” N 122°25”10” E) in the northern
part of Gorfitalo Province, Sulawesi, during July 2019
(Figure 1). Morphological identification was conducted
according to the guideline from FAO (Heemstra, 1993),
and species confirmation has been carried out with mo-
lecular identification through the COI gene region. This
study did ngghpply for a specific permit. All sample col-
lected from local traditional fish market which was dead
upon purchasing. All samples have been photographed
with a digital camera.

12°00°E 122*100°E 1227°200°E 122°3%0°¢
i i i i

122°300°E

]
2.2 DNA Extraction

Each specimen has been collected and directly
preserved in 90% cthanol @i} other experimental pur-
poses. The anal fin, around 1 em of tissue, was dissected
and mixed with 6X lysis buffer, further homogenised by
the TissueLyser II (ffagen). According to the manufac-
turer’s guidelines, genomic DNA was extracted using
Accuprep® Genomic DNA Extraction Kit (Bioneer).
Quantification of purified genomic DNA performed by
nanoDrop (Thermofisher Scientific D1000), aliquoted
and stored at the -70°C for further analysis.

5]
2.3 PCR Condition and Data Analysis

One set of universal fish primer have targeting
ochrome ¢ oxidase I (COI) region. Those Primers are
LCO (5’-GGT CAA CAA ATC ATA AAG ATA TTG
G-3 *) and HCO (5°-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3’) with a target §fquence of 720 base
pairs (Folmer e a/., 1994). The PCR mixture (20uL)
included 11.2 pL ultra-pure water, 1 pL primer forward
and reversed (0.5 pM), 0.2 pL Ex Taq DNA polymerase
(TaKaRa, Japan), 2 pL. 10X ExTag Buffer, 2 pL. dNTPs
'?J‘S::llf.'[ 1?!':]-'.\'E
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Figure 1. Distribution of sampling site at the Kwandang Gulf and the Sumalata Gulf in northern part of Sulawesi,

Indonesia
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(l.pM, TaKaRa, Japan), and 2 pL. genomic DNA as a
template. The PCR condition was carried out under the
following setting: 95°C for 5 min in initial denaturation,
followed by denaturation at 95°C for 30 s in 40 cycles,
50°C for 30 s in annealing, and 72°C for 45 s in exten-
sion step, and a final extension at 72°C for 5 min. The
PCR products were purified with the AccuPrep®Gel pu-
rification kit (Bioneer, Korea), and Sanger sequencing
was performed at 1B ASE (Singapore).

2.4 Phylogenetic and Haplotype Analysis

Reverse and forward sequences were cut at each
end using Chromas (http:/technelvsium com.awwp/
chromas/). In addition to cutting the ends, this software
can also ensure good sequence results. After cutting, re-
verse the reverse sequence can be combined wfil the
forward line via online software via the website hitps://
www.bioinformatics.org/sms/rev_comp.html. The for-
ward and reverse sequence nfffgging is also done online
through the website https:/www.ebi.ac.uk/Tools/msa/
clustalo/. All sequences were aligned, including refer-
ence sequences Ehm the GenBank database by BASTN
(Table 1). The pairwise evolutionary distance among
the family is determinedg§y the Kimura 2-Parameter al-
gorithm in Mega7. The Neighbor-joining (NJ) tree was
constructed, and 1000 bootstrap analysis was carried
out by Mega7 (Kumar ef a/., 2016). This software can
also generate the genetic distance and even nucleotide
composition (AT-GC percentage). Besides, haplotype
analysis using DnaSP6 (Librado and Rozas, 2009) to
measure the number of Hafgptypes, than the genetic and
nucleotide diversity using Arlequin Ver.3.5.2.2 (Excof-
fier ef al., 2005). The network between each Haplotype
was analysed using Network 5.0.1.1

3. Results and Discussion

3.1 Species Identification and Phylogenetic Recon-
struction

In this study, 14 species of P. leopardus were
identified as fisheries commodities and, at the same
time, were potential candidates for cultured fish (Sun
et al., 2015). Molecular identification is expected to
reduce misidentification in the cryptic species of the
genus Plectropomus. In previous studies, P. maculatus
has morphological and colour characteristics almost
the same as P. pessuliferus (Gharbawi et al., 2019). Re-
search on molecular identification in the genus P. [eop-
ardus has been done Wfibre on mitochondrial DNA and
nuclear DNA (Santos ef @/, 2013), in addition to the use
of microsatellite [} has also been carried out to identi-
fy differences in P. leopardus and P. maculatus species
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(Harrison et al., 2014).

Molecular identification has beenffjientifical-
ly made to identify reef fish (Andrivono er al., 2019;
Lakra ef al., 2011; Wang et al., 2012; Ward et al., 2005;
Zhang and Hanner, 2012),gfhich have similar morpho-
logical properties (Hubert ef a/., 2012). DNA barcoding
using COI gene region is advantageous for identifying
reef fish species at the larvae stage, which are very diffi-
cult to distinguish (Hubert ef o/, 2010). Among the Ser-
ranidae group, the Epinehelus group had already gained
attention in molecular identification (Andrivono er al.
2020b), breeding (Sugama et al., 2004; Toledo, 2002),
and aquaculture (Pierre ef o/, 2008). This identification
method approach is advantageous in differentiating the
level of species. In addition to obtaining accurate infor-
mation up to the species level, the genetic data generated
can also be used to analyse a population’s biodiversity
potential (Carvalho and Hauser, 1998). Marine waters,
which are open ecosystems that allow genetic exchange
between populations, also will enable a population to
adapt and have different characteristics from their peers
even though genetic mutations occur pretty long. The
specialisation process on coral reef ecosystems is quite
complex and exciting to continue to study biodiversity
and various influential factors (Leray er al.. 2010; Ro-
cha and Bowen, 2008).

Efforts to improve the phenotypic characteris-
tics are carried out by breeding with the closest relatives
in one genus that are expected to be beneficial for the
supply of animal protein needed by humans. The artifi-
cial breeding activities for P. leopardus species has been
carried out because they naturally experience reproduc-
tive cycles that are almost the same as those of their rel-
atives of P maculatus. This situation allow and provides
a hybridization potential for these two species (I'risch
and Van Herwerden, 2006). The practice of P. leopardus
breeding activities in Indonesia currently has not been
reported scientifically yet from a number of studies and
produces new varieties, but several species of the genus
Serranidae family are more prevalent in mariculture and
breeding between the genus Epinephelus. For instance,
E. fuscoguttatus and E. polyphekadion grouper have
successfully carried-out breeding that produces fish-hy-
brid groups with excellent growth performance (James
et al., 1999). Breeding of the genus P. leopardus with
P. maculatus has been carried out in Great Barrier Reef
Australia by in vitro to find out its potential develop-
ment in aquaculture activities. In this breeding activity,
the most critical activity is the treatment of larvae which
are still very difficult and need to get serious attention so
that they are not only successful in spawning but also in
rearing larvae (Frisch and Hobbs, 2007).
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TK27 Plectropomus leopardus
~ TK28 Plectropomus leopardus
TK21 Plectropomus leopardus
TK23 Plectropomus leopardus
TK2 Plecrropomus leopardus
TKS8 Plectropomus leop ardus
%% TK9 Plectropomus leopardus
TK18& Plectropomus leopardus
T833 Plectropomus leopardus
TS35 Plectropomus leopardus
T544 Plectropomus leopard us
TS47 Plectropomus leopardus
100% TS50 Plectropomus leopardus

L T'S43 Plectropomus leopardus

MFI185613 Plectropomus leopardus (China)

MG253521 (Plectropomus leopardus x Plectropomus maculatius) x Plectropomus maculatus (Saudi Arabia)
1wl MG253527 Plectrapomus leopardus x Plectropomus maculatus (Sandi Arabia)
MH?07295 Plectropomus areolatus (Egypt)

I MEK6576735 Plectropomus laevis (French Polynesian)

- JN313050 Plectropomus oligacanthus (Canada)

—

0.010

Figure 2. Phylogenetic tree of P. leopardus from Sulawesi generated by Neighbor-joining (NJ) algorithm

on Mega7

'I_Z'——'«-\-&—q_!.

,\ Location Colour

TK

Y ® s

Number of Haplotype Scale
H-1:12
H-2:1 @
H-3:1 12,1

Figure 3. Connectivity between haplotype of P leopardus from two population in Gorontalo water, Su-

lawesi Indonesia

Table 1. Gene and Nucleotide diversity generated from Arlequin V3.5

Parameter

TK (+ SD)

TS (= SD)

ne diversity

Nucleotide diversity (average
over loci)

0.2500 £ 0.1802
0.000495 + 0.000702

0.3333 £0.2152
0.000660 = 0.000869

Phylogenetic tree analysis showed the results of
all sample sequences produced grouped in P. leopardus
species and fused into one clade of the same species,
including Chinese Haplotype. In this analysis, it was
found that two species is possible to become an Indone-
sian (Sulawesi) haplotype, namely in TS43 and TK28,
which has a slight difference from its ancestors (Figure
2). In this phylogenetic, it is also known that the results
of breeding between P leopardus and another species
within genus Plectropomus will produce a different hap-
lotype than pure strains of P. leopardus (from wild).

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga

In addition to molecular identification, the re-
sults of this study found three haplotypes from the
Kwandang Gulf and Sumalata Gulf populations (Figure
3) @Bugh haplotype analysis with the help of DnaSP
v5 (Librado and Rozas, 2009) and Arlequin 3.5.2.2 soft-
ware (Excoffier e /.. 2005). In phylogenetic tree, it was
also seen that the TS43 population separated from the
main clade in the P. leopardus group (Figure 1). This
finding is a haplotype that has been found and becomes
new information in the biodiversity of P leopardus in
Indonesia, especially from the Wallacea region. In the
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TK28 population, possible haplotypes in this population
are also found, although in general, the populations in
the two gulf water in northern Gorontalo region. This
information is expected to be developed with in-depth
research on these two populations to conduct a further
study of the biological characteristics of P. leopardus.

3.2 Genetic Diversity and Haplotype Connectivity

Information on genetic diversity in Coral trout
groupers fish groups in Kwandang Gulf (TK) is lower
than genetic diversity in Sumalata Gulf (TS) popula-
tions. The same thing also results in nucleotide diversity
which shows that the population of Sulamata Gulf has
0.000165 higher than the population in Kwandang Gulf
(Table 1). In general, the value of nucleotide diversity
found is still very low. Previous research stated that the
diversity value was 0.8-1 (high), 0.5-0.7 (medium) and
less than 0.4 (low) (Nei, 1987). Referring to the group-
ing, the value of nucleotide diversity both location is
very low.

Information on genetic diversity in coral trout
groupers fish groups in TK is lower than genetic diver-
sity in TS populations. The same thing also results in
nucleotide diversity which shows that the population of
TS has 0.000165 higher than the population in TK (Ta-
ble 1).

The haplotype analysis identified three haplo-
types. The most common haplotype (12 samples) dom-
inated both populations (TK and TS), while haplotype
two was found in the TK population (1) and Haplotype
three in the TS population (1). This result can be seen
clearly in the connectivity analysis of the two grouper
populations (Figure 3).

Genetic distances that are not too large are found
on different haplotypes for TK and TS populations, and
mixed haplotypes. Genetic distance ranges from 0.00-
0.003984. The most considerable distance was found
in species TK28 and TS43 of 0.003984 (Table 2). This
study is the first study conducted on P, leopardus species,
although there have been previous studies comparing
the genetic distance between P. leopardus, P. macula-
tus and P oligacamthus from Bali waters (Survani and
Arya, 2019). From these results, it is estimated, the
initial population is a mixed population between TK
and TS, but with the development of time and chang-
es in the marine environment causing mutations and
allowing the existence of haplotypes in each region.
It is clearly seen that TK28 and TS43 have genetic dis-
tance from all other currently available P leopardus
homologous sequences. When compared with sequenc-
es in the GenBank database, TK28 has a genetic dis-
tance of 0.001988 with MF1835613, while TK28 has a
greater genetic distance 0.003984 with TS43 (Table 2).

Table 2. The genetic distance of each sample and several sequences from the GenBank database generated by

Mega7
TK21 TK23 TK27 TK28 TKO02 TKO08 TK09 TKI18 TS33 TS35 TS43 TS44 TS47 TS50
TK21
TK23 0
TK27 0 0
TK28 0002 0002 0002
TKO02 0 0 0 0002
TKO08 0 0 0 0,002 0
TKO09 0 0 0 0,002 0 0
TKI18 0 0 0 0,002 0 0 0
TS33 0 0 0 0,002 0 0 0 0
TS35 0 0 0 0002 0 0 0 0 0
TS43 0002 0002 0002 0,004 0002 0002 0,002 0002 0002 0002
TS44 0 0 0 0002 0 0 0 0 0 0 0.002
TS47 0 0 0 0.002 0 0 0 0 0 0 0002 0
TS50 0 0 0 0002 0 0 0 0 0 0 0002 0 0
MF185613 0 0 0 0002 0 0 0 0 0 0 0002 0 0 0
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This study, genetic distance character differ-
ence between each haplotype is not too far (Table 2).
From this information, it is estimated that there is a
limited mutation that causes genetic differences in the
P leopardus species, which description of the diversi-
ty of leopard coral grouper in both regions in Goronta-
lo Sulawesi. The effects of environm{fRl stressors in
the two regions need to be examined to determine the
factors that influence the emergence of the Haplotype.
This difference in character may also be due to the low
migration rate in North Gorontalo, resulting in limited
space for individuals in the population due to certain
obstacles. This situation causes limitations in interact-
ing and if it lasts long enough to cause local adaptation
to form separate sub-populations such as in Kwandang
Bay and Sumalata Bay. Besides, close attention needs to
be paid to breeding and aquaculture activities so that the
breeding process able to allowed the negative impact on
the loss of pure P. leopardus genetic strain in Indonesia.
Previous study related to the cross-breeding activities
between severafgyectropomus are carried out, but only
cross-breeding between P. leopafus and P. maculatus
has been scientifically reported (Frisch and Van Herw-
erden, 2006; Frisch and Hobbs, 2007). This breeding
activity is possible because of the genetic proximity be-
tween P. leapardus and P. maculatus, compared to P,
oligacanthus (Suryani and Arya, 2019) and P. areolatus
(Saad er al., 2012) which separates from the two previ-
ous species.

3.3 Implication on Fisheries Sector

The study of genetic diversity will be interesting
in terms of efforts to protect and conserve germplasm
in an area. Several economically important fish species
have been hybridized to increase genetic diversity in
order to obtain varieties that have good characteristics
such as fast growth, resistance to disease and other traits
that are adapted to the needs of crossbreeding carried
out (Hickling, 1968). For example, grouper has been
found m##Fj types of groupers from crosses that provide
benefits for tHggalevelopment of grouper aquaculture
in Indonesia. Cantang grouper, is a hybrid type of
grouper E. fuscoguttatus - E. lanceolatus (Sutarmat and
Yudha, 2016). Besides the beautiful grouper species,
the grouper hybrid E. fuscoguitatus - E.gRfcrodon
(Ismi, 2014; Yudha and Sutarmat, 2017) and the hybrid
E. fuscoguttatus - E. polyphekadion (Muzaki er al .
EB) 6). Other examples of successful hybridization are
Epinephelus costae - E. marginatus (Glamuzina er al .
2001) and Plectropomus leopardus with Plectropomus
maculatus (Frisch and Hobbs. 2007). In this study, the
study was conducted on sunu grouper which allows

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga

hybridization between populations. This low diversity
provides information so that interbreeding activities are
carried out with the same species from other populations
to avoid inbreeding which can reduce the quality of
subsequent filians (Valtuena er al., 2014).

The Bar-cheek coral trout, which is currently
the object of research, is one of the species that [l be-
gun to be developed as a cultivation commodity. Studies
on the genetic diversity of leopard coral grouper are still
very limited, however, this study must continue because
genetic diversity is an importggfjindicator to determine
whether a population is able to adapt to environmen-
tal changes, climate change and the spread of various
diseases. From previous research, it is stated that ge-
netic diversity is an important factor for a population to
grow, reproduce and also carry out a good regeneration
process. High genetic diversity will be directly propor-
tional to the ability to adapt to environmental changes
(Perwati, 2009).

The existence of conservation areas, marine
protected areas is very significant in maintaining genet-
ic diversity in Indonesia. A number of marine Nation-
al Parks have demonstrated better management efforts
such as the Kepulauan Seribu National Park (A gustina,
2019), Waktobi National Park (Patanda and Rahmani,
2018), and Takabonerate National Park (Akhmad er al.,
2016). In addition, several newly formed marine con-
servation areas have also received high attention from
the government, academics and community social in-
stitutions (NGOs) such as the Sawu Sea National Park
(Rahman e al., 2020), Cendrawasih Bay National Park
(Svamsudin, 2018) and much more. The govemment
has also consistently had a legal umbrella in the man-
agement of conservation areas with Law no. 5 of 1990
and Presidential Decree number 32 of 1990.

4. Conclusion

In this study, 14 fish samples were identified as
P leopardus, consisting of eight samples from TK and
six TS samples. Analysis of P leopardus diversity found
three haplotypes in both study areas. The most common
haplotype oflerd coral grouper was shared between
both locations. This study needs to be improved with a
large number of samples both in other areas in North
and South Sulawesi which allows to see the influence
of geographical position on the diversity of P. leopardus
in Sulawesi.

Acknowledgment

The authors would like to deliver our sincere

November 2022 355




Hidayani et al. / JIPK, 14(2):349-359

gratitude for the initiation of collaborative research
between Faculty of Marine Science and Fisheries,
Universitas Hasanuddin (Makassar) and Faculty of
Fisheries and Marine, Airlangga University (Surabaya),
which have given essential activities to the development
of marine fish biodiversity studies in Indonesia.

Authors’ Contributions

The contribution of each author as follows,
Andy, Asmi, and Widya; collected the data, drafted the
manuscript, and designed the sampling. Jobaidul, Sap-
to, and Amit; data analysis, plotting and setting all the
figure. Al and Sapto; research conceptual, data anal-
ysis, and critical revision of the manuscript. All authors
discussed the results and contributed to the final manu-

script.

Conflict of Interest

The authors declare no conflict of interest. The
authors alone are responsible for the content and writ-
ing of this manuscript. This paper does not contain any
studies humanly related or animal performed by any of
the authors.

Funding Information

No research funding.
References

Agustina, R. (2019). Strategi pengembangan wisata
bahari di Taman Nasional Kepulauan Seribu
(TNKpS), (Kasus di Pulau Pramuka), Jakarta.
(Undergraduate Thesis). Semarang: Universitas
Diponegoro.

Akhmad, Z., Tuwo, A., & Wikantari, R. (2016). Strategi
pengembangan kawasan wisata Takabonerate
di Kabupaten Kepulauan Selayar. Pepatudzu:
Media Pendidikan Dan Sosial Kemasyaraka-
tan, 10(1):97-104.

Alcantara, S. G., & Yambot, A. V. (2016). DNA barcod-
ing of commercially important grouper species
(Perciformes, Serranidae) in the Philippines.
Mitochondrial DNA Part A, 27(6):3837-3845.

Allen, G. R. (2001). Reeffishes of the Togean and Bang-
gai islands, Sulawesi, Indonesia. In G. R. Allen
and S. A. McKenna (Ed.), A rapid marine bio-
diversity assessment of the Togean and Banggai
Islands, Sulawesi Indonesia. (pp. 44-53). Wash-
ington: Conservation International.

Allen, G. R., & Adrim, M. (2003). Coral reef fishes of

356

Jurnal Ilmiah Perikanan dan Kelautan

Indonesia. Zoological Studies, 42(1):1-72.

Allen, G. R., & Erdmann, M. V. (2013). Reef fishes
of Bali, Indonesia. In P. L. K. Mustika, [. M.
J. Ratha, & S. Purwanto (Eds.), Bali Marine
Rapid Assessment Program 2011. (pp. 15-68).
Washington: Conservation International.

Andamari, R., Sembiring, S. B. M., & Permana, G. N.
(2007). Aspects of leopard coral grouper (Plec-
tropomus leopardus) reproduction in Indonesia.
Indonesian Aquaculture Journal, 2(1):51-57.

Andriyono, S., Alam, M. J., & Kim, H. W. (2019). En-
vironmental DNA (eDNA) metabarcoding:
Diversity study around the Pondok Dadap
fish landing station, Malang, Indonesia. Bio-
diversitas Jouwrnal of Biological Diversity,
20(12):3772-3781.

Andriyono, S., Alam, M. 1., Kim, H. W. (2020a). The
Jawa and Bali Island marine fish molecular
identification to improve 125 rRNA-tRNA Va-
lin-16S rRNA partial region sequences on the
GenBank Database. Thalassas: An Internation-
al Journal of Marine Sciences, 36:343-356.

Andriyono, S., Damora, A., & Hidayani, A. A. (2020b).
Genetic diversity and phylogenetic reconstruc-
tion of grouper (Serranidae) from Sunda Land,
Indonesia. Egyptian Journal of Aquatic Biology
and Fisheries, 24(3):403-415.

Bingpeng, X., Heshan, L., Zhilan, Z., Chunguang, W.,
Yanguo, W., & Jianjun, W. (2018). DNA bar-
coding for identification of fish species in the
Taiwan Strait. PloS One, 13(6):e0198109.

Carvalho, G. R., & Hauser, L. (1998). Advances in the
molecular analysis of fish population structure.
Italian Journal of Zoology, 65(S1):21-33.

Chiu, S. T, Tsai, R. T., Hsu, J. P, Liu, C. H., & Cheng,
W. (2008). Dietary sodium alginate adminis-
tration to enhance the non-specific immune re-
sponses, and disease resistance of the juvenile
grouper Epinephelus fuscoguttatus. Aguacul-
ture, 277(1-2):66-72.

Craig, M. T., & Hastings, P. (2007). Amolecular phylog-
eny of the groupers of the subfamily Epineph-
elinae (Serranidae) with a revised classification
of the Epinephelini. Ichthvological Research,
S4(1)1-17.

Excoffier, L., Laval, G., & Schneider, S. (2005). Arle-




JIPK. Volume 14 No 2. November 2022 / Low Genetic Diversity Study on Leopard Coral Grouper Plectropomus ....

quin (version 3.0): an integrated software pack-
age for population genetics data analysis. Evo-
lutionary Bioinformatics, 1:47-50.

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijen-
hoek, R. (1994). DNA primers for amplifica-
tion of mitochondrial cytochrome ¢ oxidase
subunit I from diverse metazoan invertebrates.
Molecular Marine Biology and Biotechnology,
3(5):294-299.

Frisch, A., & Van Herwerden, L. (2006). Field and ex-
perimental studies of hybridization between
coral trouts, Plectropomus leopardus and Plec-
tropomus maculatus (Serranidae), on the Great
Barrier Reef, Australia. Journal of Fish Biolo-
gy, 68(4):1013-1025.

Frisch, A., & Hobbs, J. P. (2007). In vitro hybridiza-
tion of coral trouts, Plectropomus leopardus
(Lacepede, 1802) and Plectropomus macula-
tus (Bloch, 1790): A preliminary investigation.
Aquaculture Research, 38(2):215.

Gharbawi, W. Y., Hussein, W., & El-Sayed, O. E.
(2019). Molecular analysis and phylogenetic
assessment of the red sea fish of Plectropomus
pessuliferus. Jordan Journal of Biological Sci-
ences, 12(3):379-383.

Giusti, A., Armani, A., & Sotelo, C. G. (2017). Advanc-
es in the analysis of complex food matrices:
Species identification in surimi-based products
using next generation sequencing technologies.
PloS One, 12(10):1-18.

Glamuzina, B., Glavi¢, N., Skaramuca, B., Kozul, V.,
& Tutman, P. (2001). Early development of the
hybrid Epinephelus costae?» E. marginatusc.
Aquaculture, 198(1):55-61.

Halim, A. (2001). Grouper culture: an option for grou-
per management in Indonesia. Coastal Ma-
nagement, 29(4):319-326.

Harrison, H. B., Feldheim, K. A., Jones, G. P., Ma, K.,
Mansour, H., Perumal, S., Williamson, D. H.,
& Berumen, M. L. (2014). Validation of micro-
satellite multiplexes for parentage analysis and
species discrimination in two hybridizing spe-
cies of coral reef fish (Plectropomus spp., S er-
ranidae). Ecology and Evolution, 4(11):2046-
2057.

Hebert, P. D., Cywinska, A., Ball, S. L., & Dewaard,

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga

1. R. (2003). Biological identifications through
DNA barcodes. Proceedings of the Roval Soci-
ety B: Biological Sciences, 270(1512):313-321.

Heemstra, P. C. (1993). Groupers of the world (Family
Serranidae, Subfamily Epinephelinae). An an-
notated and illustrated catalogue of the grouper,
rockcod, hind, coral grouper and lyretail spe-
cies known to date. Rome: FAO.

Heemstra, P. C., & Randall, J. E. (1993). Groupers of
the world. FAO Fisheries synopsis, 16(125):L.

Hickling, C. (1968). Fish hybridization. FAQ Fish Re-
port, 44:1-11.

Hubert, N., Delricu-Trottin, E., Irisson, J. O., Meyer,
C., & Planes, S. (2010). Identifying coral reef
fish larvae through DNA barcoding: a test case
with the families Acanthuridae and Holocent-
ridae. Molecular Phylogenetics and Evolution,
55(3):1195-1203.

Hubert, N., Hanner, R., Holm, E., Mandrak, N. E., Tay-
lor, E., Burridge, M., Watkinson, D., Dumont,
P, Curry, A., & Bentzen, P. (2008). Identifying
Canadian freshwater fishes through DNA bar-
codes. PLoS One, 3(6):¢2490.

Hubert, N., Meyer, C. P., Bruggemann, H. J., Guerin,
F., Komeno, R. ], Espiau, B., Causse, R., Wil-
liams, J. T., & Planes, S. (2012). Cryptic diver-
sity in Indo-Pacific coral-reef fishes revealed
by DNA-barcoding provides new support to
the centre-of-overlap hypothesis. PLoS One,
7(3):¢28987.

Ismi, S. (2014). Peningkatan produksi dan kualitas
benih kerapu dengan program hybridisasi. Jur-
nal Oceanologi Indonesia, 1(1):1-5.

James, C., Al-Thobaiti, S., Rasem, B., & Carlos, M.
(1999). Potential of grouper hybrid (Epi-
nephelus fuscoguttatus x E. polvphekadion)
for aquaculture. Naga, the ICLARM Quarterly,
22(1):19-23.

Kadarusman, N. H., Hadiaty, R. K., Sudarto, E. P, &
Pouyaud, L. (2012). Cryptic diversity in In-
do-Australian rainbowfishes revealed by DNA
barcoding: implications for conservation in

a biodiversity hotspot candidate. PLoS One,
7(7):e40627.

Kongkeo, H., Wayne, C., Murdjani, M., Bunliptanon, P.,
& Chien, T. (2010). Current practices of marine

November 2022 357




Hidayani et al. / JIPK, 14(2):349-359

finfish cage culture in China, Indonesia, Thai-
land and Vietham. Aquaculture Asia, 15(2):32-
40.

Kumar, S., Stecher, G., & Tamura, K. (2016). MEGAT7:
Molecular evolutionary genetics analysis ver-
sion 7.0 for bigger datasets. Molecular Biology
and Evolution, 33(7):1870-1874.

Lakra, W., Verma, M., Goswami, M., Lal, K. K., Mo-
hindra, V., Punia, P., Gopalakrishnan, A., Singh,
K., Ward, R. D., & Hebert, P. (2011). DNA bar-
coding Indian marine fishes. Molecular Ecolo-
gv Resources, 11(1):60-71.

Leray, M., Beldade, R., Holbrook, S. J., Schmitt, R. J.,
Planes, S., & Bernardi, G. (2010). Allopatric di-
vergence and speciation in coral reef fish: The
three-spot Dascyllus, Dascyvllus trimaculatus,
species complex. Evolution: International Jour-
nal of Organic Evolution, 64(5):1218-1230.

Librado, P., & Rozas, J. (2009). DnaSP v5: a software
for comprehensive analysis of DNA polymor-
phism data. Bioinformatics, 25(11):1451-1452.

Lieske, E., & Myers, R. (2002). Coral reef fishes: In-
do-pacific and Caribbean. New Jersey: Prince-
ton University Press.

Melianawati, R, Pratiwi, R., Puniawati, N., & Astuti,
P. (2016). Effect of different kinds of live feed
on thyroid structure of marine fish larvae coral
trout Plectropomus leopardus (Lacepéde, 1802).
AIP Conference Proceedings, 1755(1):140005.

Meyer, C. P., & Paulay, G. (2005). DNA barcoding:
error rates based on comprehensive sampling.
PLoS Biology,3(12):e422.

Morita, T. (1999). Molecular phylogenetic relationships
of the deep-sea fish genus Coryphaenoides (Ga-
diformes: Macrouridae) based on mitochondrial
DNA. Molecular Phylogenetics and Evolution,
13(3):447-454.

Morris, A. V., Roberts, C. M., & Hawkins, J. P. (2000).
The threatened status of groupers (Epinephe-
linae). Biodiversity & Conservation, 9(7):919-
942.

Muzaki, A., Sembiring, S. B. M., Wardana, [. K., Hary-
anti, H., & Sugama, K. (2016). Karakter feno-
tipe dan genotipe ikan kerapu hibrida cantik
(Epinephelus fuscoguttatus x E. polyphekadi-
on). Jurnal Riset Akuakultur, 11(1):1-13.

358  Jurnal Ilmiah Perikanan dan Kelautan

Nei, M. (1987). Molecular evolutionary genetics. New
York: Columbia University Press.

Nuraini, S., & Hartati, S. (2006). Type groupers (Ser-
ranidae) bubu catch in the seas of the Saleh
Bay, Sumbawa. Paper presented at Proceedings
of the National Seminar on Fish IV, Jatiluhur,
29-30.

Patanda, M., & Rahmani, U. (2018). Hubungan pan-
jang-berat dan pola pertumbuhan ikan kakatua
(Chlorurus strongyecephalus) di Taman Nasion-
al Wakatobi. Jurnal Teknologi Perikanan dan
Kelautan, 9(2):115-121.

Pepe, T., Trotta, M., Di Marco, L., Anastasio, A., Bau-
tista, J. M., & Cortesi, M. L. (2007). Fish spe-
cies identification in surimi-based products.
Journal of Agricultural and Food Chemistry,
55(9):3681-3685.

Perwati, L. K. (2009). Analisis derajat ploidi dan pen-
garuhnya terhadap variasi ukuran stomata
dan spora pada Adiantum raddianum. Bioma,
11(2):39-44.

Pierre, S., Gaillard, S.., Prévot-D’Alvise, N., Aubert,
1., Rostaing-Capaillon, O., Leung-Tack, D., &
Grillasca, J. P. (2008). Grouper aquaculture:
Asian success and Mediterranean trials. Aquat-
ic Conservation: Marine and Freshwater Eco-
systems, 18(3):297-308.

Pomeroy, R. S. (2002). The status of grouper culture in
Southeast Asia. SPC Live Reef Fish Informa-
tion Bulletin, (10):22-26.

Rahman, D. U., Risamasu, E J., & Upa, H. (2020).
Valuasi ekonomi terumbu karang pasca pene-
tapan kawasan konservasi Laut Sawu di Kabu-
paten Kupang. Journal of Marine and Aquatic
Sciences, 6(1):22-26.

Rimmer, M. A, Sugama, K., Rakhmawati, D., Rofig. R.,
& Habgood, R. H. (2013). A review and SWOT
analysis of aquaculture development in Indone-
sia. Reviews in Aquaculture, 5(4):255-279.

Rocha, L., & Bowen, B. (2008). Speciation in coral-reef
fishes. Jowrnal of Fish Biology, 72(5):1101-
1121.

Saad, Y., AbuZinadah, O., El-Domyati, F., & Sabir, 1.
(2012). Analysis of Genetic signature for some
Plectropomus species based on some dominant
DNA markers. Life Science Journal, 9(4):2370-




JIPK. Volume 14 No 2. November 2022 / Low Genetic Diversity Study on Leopard Coral Grouper Plectropomus ...

2375.

Santos, S., Gomes, M. d. F., Ferreira, A. R. d. S., Sam-
paio, 1., & Schneider, H. (2013). Molecular
phylogeny of the Western South Atlantic Sci-
aenidae based on mitochondrial and nuclear
data. Molecular Phylogenetics and Evolution,
66(1):423-428.

Sugama, K., Hanafi, A., & Rimmer, M. (2004). Hatch-
ery technology on the breeding and fry pro-
duction of marine finfish in Indonesia. In The
Second Hatchery Feeds and Technology Work-
shop. (pp. 112-115). Sydney.

Sun, Z., Xia, S., Feng, S., Zhang, Z., Rahman, M. M.,
Rajkumar, M., & Jiang, S. (2015). Effects of
water temperature on survival, growth, diges-
tive enzyme activities, and body composition of
the leopard coral grouper Plectropomus leopar-
dus. Fisheries Science, 81(1):107-112.

Suryani, S., & Arva, [. (2019). Genetic diversity of
three sunu groupers species (Plectropomus
spp). Journal of Physics: Conference Series,
1402(3):1-6.

Sutarmat, T., & Yudha, H. T. (2016). Analisis keragaan
pertumbuhan benih kerapu hibrida hasil hibridi-
sasi kerapu macan (Epinephelus fiscoguttaius)
dengan kerapu kertang (Epinephelus lanceola-
fus) dan kerapu batik (Epinephelus microdon).
Jurnal Riset Akuakultur, 8(3):363-372.

Syamsudin, M. L. (2018). Distribusi spasial hiu paus
(Rhincodon typus) di Kawasan Taman Nasional
Teluk Cendrawasih, Papua Barat. Jurnal Peri-
kanan Kelautan, 9(2):49-53.

Toledo, J. D. (2002). Status of breeding and larval
rearing of groupers. In Report of the Region-
al Workshop on Sustainable Seafarming and
Grouper Aquaculture, Medan, Indonesia.

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga

Unsworth, R. K., Powell, A., Hukom, F., & Smith, D.
J. (2007). The ecology of Indo-Pacific grouper
(Serranidae) species and the effects of a small
scale no take area on grouper assemblage,
abundance and size frequency distribution. Ma-
rine Biology, 152(2):243-254.

Valtuena, F. 1., Lopez, J., Ortega-Olivencia, A., Rodri-
guez-Riano, T., & Gonzalez, M. (2014). Con-
trasting inbreeding depression in early and
late stages of the life cycle of a Mediterranean
shrub, Anagyris foetida (Leguminosae). Turk-
ish Journal of Botany, 38(2):334-346.

Van Herwerden, L., Davies, C., & Choat, J. (2002).
Phylogenetic and evolutionary perspectives of
the Indo-Pacific grouper Plectvopomus species
on the Great Barrier Reef, Australia. Journal of
fish biology, 60(6):1591-1596.

Wang, Z. D., Guo, Y. S., Liu, X. M, Fan, Y. B., & Liu,
C. W. (2012). DNA barcoding South China Sea
fishes. Mitochondrial DNA, 23(5):405-410.

Ward, R. D, Zemlak, T. S, Innes, B. H., Last, P. R., &
Hebert, P. D. (2005). DNA barcoding Austra-
lia’s fish species. Philosophical Transactions
of the Royal Society B: Biological Sciences,
360(1462):1847-1857.

1, J. (2007). DNA barcoding in animal species:
progress, potential and pitfalls. BioEssays,
29(2):188-197.

Waug

Yudha, H. T., & Sutarmat, T. (2017). Keragaan pertum-
buhan kerapu macan (Epinephelus fiiscogutta-
tus), kerapu batik (Epinephelus microdon) dan
kerapu hibrida cantik sebagai hasil persilangan
kerapu macan dan kerapu batik. Prosiding Fo-
rum Inovasi Teknologi Akuakultur, 617-624.

Zhang, J., & Hanner, R. (2012). Molecular approach to
the identification of fish in the South China Sea.
PLoS One, 7(2):e30621.

November 2022 359




JIPK.pdf

ORIGINALITY REPORT

166 13% 11« 3«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

smujo.id

InternegSource 2%
WWW.Smujo.id

InternetSourceJ 2%
zookeys.pensoft.net

InternetSo¥Jrcep 1%
Www.Sid.Ir

Internet Source 1%

e-journal.unair.ac.id 1
Internet Source %

H repository.kaust.edu.sa 1
Internet Source %
Submitted to Pukyong National Universit

Student Paper y g y <1 %

Sapto Andriyono, Md. Jobaidul Alam, Hyun- <1 o
Woo Kim. "The Jawa and Bali Island Marine

Fish Molecular Identification to Improve 12S
rRNA-tRNA Valin-16S rRNA Partial Region

Sequences on the GenBank Database",



Thalassas: An International Journal of Marine
Sciences, 2020

Publication

Submitted to iGrou

n Student Paper p <1 %
S Andriyono, H Pramono, HW Kim. "

. . , < | %
Molecular identification and phylogenetic
reconstruction of two fiddler crabs (and ) ",
|OP Conference Series: Earth and
Environmental Science, 2019
Publication
worldwidescience.or

Internet Source g <1 %
123dok.com

Internet Source <1 %
Gunanti Mahasri, Umi Hafidloh, Fungky P.

. . . o <l%
Pratama, Dicky Rahmawan, Sri Subekti, Putri
D. Wulansari, Muhamad Amin. " Prevalence,
intensity and histopathology of infestation on
groupers reared on different aquaculture
systems ", Journal of Fish Diseases, 2020
Publication

Tomoyuki Shibata, James Wilson, Lindsey <1 o

Watson, Alyse LeDuc et al. "Childhood Acute
Respiratory Infections and Household
Environment in an Eastern Indonesian Urban
Setting", International Journal of



Environmental Research and Public Health,
2014

Publication

Md. Sagir Ahmed, Sujan Kumar Datta, <1 o
Tonmoy Saha, Zarif Hossain. "Molecular ’
characterization of marine and coastal fishes

of Bangladesh through DNA barcodes",

Ecology and Evolution, 2021

Publication

Weitao Chen, Nicolas Hubert, Yuefei Li, <1 o
Denggao Xiang, Xingwei Cai, Shuli Zhu, Jiping ’
Yang, Chuanjiang Zhou, Xinhui Li, Jie Li.

"Large - scale DNA barcoding of the subfamily
Culterinae (Cypriniformes: Xenocyprididae) in

East Asia unveils a geographical scale effect,
taxonomic warnings and cryptic diversity",

Molecular Ecology, 2022

Publication

epubs.icar.org.in

IntErnetSource g <1 %
fas.biomedcentral.com

18 Internet Source <1 %
fpk.unair.ac.id

Inrt)ernetSource <1 %
hal.ird.fr

20

Internet Source < 1 %




] Yi-Chu Hsu. "Impact of Emergency Remote <1 o
Education in the 2021 COVID-19 Pandemic: A ’
Case of Higher Education Students in the
Department of Mechanical Engineering",

Higher Education Studies, 2022
Publication
www.tandfonline.com

Internet Source <1 %
"Molecular Ecology and Conservation

23 ) , , <l
Genetics of Neotropical Mammals", Springer
Science and Business Media LLC, 2021
Publication
academic.oup.com

Internet Source p <1 %
www.researchgate.net

Internet Source g <1 %
"DNA Barcoding in Marine Perspectives",

. . . . <l%
Springer Science and Business Media LLC,

2016
Publication
Afra Nabila, Mufti Petala Patria. "Microplastics <'I o

abundance in gills and gastrointestinal tract of
Epinephelus fuscoguttatus-lanceolatus at the
Coastal of Pulau Panjang, Serang, Banten",
E3S Web of Conferences, 2021

Publication




Gianmarco Ferri. "Species ldentification <1 y
Through DNA “Barcodes™, Genetic Testing ’
and Molecular Biomarkers, 04/30/2009

Publication

Jean-Dominique Durand, Manh Hung Pham, <1 o
Thanh Thi Viet Tran, Duc Huy Hoang, Quang
Van Vo. "Sorting the wheat from the chaff: a
review of BINs associated with groupers of
Vietnam and the implications for species
identification from DNA barcoding", Marine
Biodiversity, 2020

Publication

dokumen.pub

Internet Source <1 %

www.lifesciencesite.com <1
Internet Source %

Aslan, La Ode M., Wa Iba, La Ode Ridwan
Bolu, Brett A. Ingram, Geoff. J. Gooley, and
Sena S. de Silva. "Mariculture in SE Sulawesi,
Indonesia: Culture practices and the socio
economic aspects of the major commodities”,
Ocean & Coastal Management, 2015.

Publication

<1%

Hugo B. Harrison, Michael L. Berumen, Pablo <1 o
Saenz - Agudelo, Eva Salas, David H.
Williamson, Geoffrey P. Jones. "Widespread
hybridization and bidirectional introgression



in sympatric species of coral reef fish",

Molecular Ecology, 2017

Publication

Sophie von der Heyden. "Making evolutionary <1
) . ) . 0%

history count: biodiversity planning for coral
reef fishes and the conservation of
evolutionary processes", Coral Reefs, 2016
Publication
aiep.pensoft.net

Interrll::trs)ource <1 %
cris.leibniz-zmt.de

Internet Source <1 %
deepblue.lib.umich.edu

InterneE)Source <1 %
dyuthi.cusat.ac.in

In'?e{rnet Source <1 %
onlinelibrary.wiley.com

Internet Source y y <1 %
www.jurnal.unsyiah.ac.id

Internet SJource y <1 %
www. neliti.com

Internet Source <1 %
macau.uni-kiel.de

Internet Source <1 %

&
w

researchrepository.murdoch.edu.au

Internet Source



<1%

Herry Susanto, Roy Hendroko Setyobudi, <'I o
Didik Sugiyanto, Syukri Muhammad Nur et al.
"Development of the Biogas-Energized
Livestock Feed Making Machine for Breeders",

E3S Web of Conferences, 2020

Publication

Exclude quotes On Exclude matches < 5 words

Exclude bibliography On



