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Abstract. Andriyono S, Alam MJ, Sumartiwi L, Mubarak AS, Pramono H, Suciyono, Kartika GRA, Sari AHW, Sektiana SP. 2022. The
diversity of Carangidae (Carangiformes) was revealed by DNA barcoding collected from the traditional fish markets in Java and Bali,
Indonesia. Biodiversitas 23: 2799-2806. Biodiversity has been utilized in various ways, including in fulfilling the protein needs of fish
for coastal communities. For the island of Java, with the largest population in Indonesia, the intensive fisheries in the Java Sea are
sufficient to support domestic food needs. This Carangid fish diversity study in Java is the beginning to identify commercial fish in
Indonesia, which have been exploited for a long time. In this study, identification was carried out molecularly in the Cytochrome ¢
oxidase subunit | (COIl) gene region with the universal primary set and found a great variety of Carangids fish species. Thirty-three fish
specimens have been identified, indicating two suborder groups, Caranginae (31) and Scomberoidenae (2). The Caranginae suborder
group is more dominated with the most types of which are Megalaspis cordyla (3), Atule mate (3), and Decapterus macarellus (4).
Meanwhile, the Scomberoidinae suborder is Scomberoides commersonnianus and Scomberoides tala. This study also found two species
that have the potential to be ciguatera poisoning agents that need to be watched out for (Decapterus macarellus and Selar
crumenophthalmus). Food safety in the fisheries sector has received considerable attention for a long time. Fishery commodities in
highly polluted habitats are among the chains in increasing heavy metals concentration and the other residual chemical compounds that

may impact human health.
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INTRODUCTION

In Indonesia, an archipelago is distributed in tropical
areas called the Indo-Malay Archipelago (IMA), with
Incredible biodiversity in marine life. This region has been
recognized as one of the centers of marine biodiversity in
various taxon fish, molluscs, and various other taxa
(Lohman et al. 2011), located between the Pacific Ocean in
the North and the Indian Ocean in the South. The island of
Java, located in the southern part of Indonesia, has the
potential for diversity, strongly influenced by the Indian
Ocean compared to the Pacific Ocean region. However, the
Java Sea's existence in the middle of the Indonesian
archipelago allows the mixing of Pacific waters through the
Makassar Strait gap between Kalimantan and Sulawesi
Islands. The presence of the South China Sea also enables
fish resources to enter the Java Sea through the Riau
Islands and into the Java Sea. This considerable fishery
potential causes capture fisheries in the Java Sea to be very
potential, dominated by the Carangid fish.

The Carangidae family (order Carangiformes) includes
fish with varying body sizes ranging from 16 cm-250 cm,
with irregular body shapes (elongated, fusiform, and
compressed) (Randall 1995). Fish from this family are
commonly found in fisheries commodities such as scads,
jacks, trevallies, pompanos, and rainbow runners. In
addition, Carangids have become essential raw materials in
Southeast Asia's processing industry as a food and animal
protein source. Even though intensive exploitation
continues, taxonomy and scientific naming is still confused
because of the similarities in morphology, size, and color
pattern, which causes ambiguity in this family taxonomy
(Froese 2009). In addition, the juvenile stage to adulthood
sometimes undergoes significant morphological changes
and pigmentation in the life cycle. As a result,
misidentification down to the species level has often
happened. The color difference in the Cichla species occurs
in the Cichla kelberi species which has a color similar to
that of Cichla temensis (Sastraprawira et al. 2020). The
implication of misidentification is mislabeling of fisheries
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products (Guardone et al. 2017). For instance, the type of
Cichla ocellaris circulating in Indonesia has a higher price
than other types of this fish. The Cichla fish in the
ornamental fish market is known as peacock bass or
peacock cichlids with attractive color patterns.
Misidentification cases based on morphology also occur in
juvenile Alectis ciliary long filament but will shorten and
eventually disappear as it grows to maturity (Randall et al.
1997).

This DNA barcode method uses a reasonably short but
standardized area of mitochondrial DNA with an
identification accuracy up to the species level (Aquilino et
al. 2011), which is high enough to approach 100% and has
been widely accepted to date. Thus, the identification based
on morphological needs to be complemented by other
identification methods to ensure identification accuracy.
The form of identification currently being developed
molecularly reduces errors in identification. This
identification is referred to as barcoding DNA. This DNA
barcode method uses a reasonably short but standardized
area of mitochondrial DNA. That region is Cytochrome ¢
Oxidase subunit I (COIl). This gene region has been widely
used for a molecular approach-based identification with
accuracy up to the species level high enough to be close to
100%. DNA barcoding has been globally accepted (Hebert
et al. 2003). Open-access databases are continually being
developed in connection with the emergence of
misidentification through the molecular approach
(Ratnasingham and Hebert 2007). Simplifying the
identification process through molecular methods is
relatively easy and allows for finding new taxa (Hajibabaei
et al. 2007).

Table 1. Carangids species list from Jawa, Indonesia
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This study carried out tests on Carangidae fish from
Java’s northern and southern regions and analyzed the COI
sequence's genetic diversity. This analysis is essential for
the sustainable management of Carangidae fish resources
because most of them are not reported and are not well
identified.

MATERIALS AND METHODS

Sampling site

Thirty-three fish samples (Table 1) were collected from
the five traditional fish markets around Jawa Island in July
2019. In the northern part of Java, samples were obtained
from the Banten-BNT (6°0'50.00'S-106°10'21.00"E),
Gresik-GRK  (6°52'56.65'S-112°12'15.87" E), and
Pekalongan-PKL (6°51'32.10"S 109°41'09.52"E). While
Southern Java was represented samples from Pelabuhan
Ratu-PRT (6°59°20.92”S 106°32°29.91”E), Malang-MLG
(8° 26> 06.65° S - 112° 40’ 55.31” E), the Banyuwangi-
BWI (8° 12° 07.52” S - 114°23°07.18” E), and Denpasar-
DPS (8°45° 23.00’ S - 115° 10’ 05.68” E). Morphological
identification was conducted according to the guideline
from FAO (Heemstra 1993), and species confirmation was
carried out with molecular identification carried out in this
study using the COI gene region. No specific permit was
required for this study because collection from the local
traditional fish market was dead upon purchasing. All
samples were photographed for every single specimen
using a digital camera.

Sampling location

Species GRK

PKL

BNT PRT MLG BWI DPS

Alectis indica

Alepes melanoptera

Alepes vari 1
Atropus atropos

Atule mate

Carangoides armatus

Carangoides chrysophrys

Carangoides malabaricus

Caranx sexfasciatus

Caranx tille

Decapterus macarellus

Decapterus macrosoma

Decapterus maruadsi

Megalaspis cordyla 2
Parastromateus niger
Selar boops 1
Selar crumenophthalmus

Selaroides leptolepis

Scomberoides commersonnianus 1
Scomberoides tala

TOTAL 6

[N

1

=
=
=

[
-

1
10 3 4 4 2 4

Note: GRK: Gresik; PKL: Pekalongan; BNT: Banten; PRT: Pelabuhan Ratu; MLG: Malang; BWI: Banyuwangi; DPS: Denpasar
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DNA extraction and PCR condition

All samples were preserved in 90% ethanol for further
laboratory experiments. In preparation for the genomic
DNA extraction process, cutting the tissue in each
specimen was done aseptically (around 0.5 cm) and
immediately washed to remove ethanol under running
water. After the washing process was carried out, the
sample was put in a microtube containing 6X lysis buffer
and mixed with the TissueLyser Il (Qiagen). The use of
Accuprep® Genomic DNA extraction Kit (Bioneer) was
carried out according to the Kit protocol and followed by
measuring the concentration of the extracted with
nanoDrop (Thermofisher Scientific D1000). The extract
was used in the application process by the PCR or stored at
-700C for further analysis.

The amplification process of genomic DNA from
samples was carried out using a universal primer set,
namely FISH-BCL (5-TCA ACY AAT CAY AAA GAT
ATY GGC AC-3 ") and FISH-BCH (5'-TAA ACT TCA
GGG TGA CCA AAA AAT CA -3 ") (Baldwin et al. 2009,
Handy et al. 2011). The target DNA amplified is the
cytochrome ¢ oxidase | (COIl) region, about 600 bp in
length. The volume of the PCR mixture is 20pL consisting
of 11.2 pL ultra-pure water, 1 pL forward and reverse
primer (0.5 puM), 0.2 pL Ex Tag DNA polymerase
(TaKaRa, Japan), 2 pL 10X ExTag Buffer, 2 uL dNTPs (1
UM, 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 extension
step, and a final extension at 72°C for 5 min. After
obtaining the desired band on the electrophoresis gel (1.5%
agarose), the PCR products were purified with the
AccuPrep® Gel purification kit (Bioneer, Korea).

Data analysis and phylogenetic analysis

All sequences are then aligned with the help of Mega7
software, including the sequences obtained from the
GenBank database for comparison. The pairwise
evolutionary distance among the species is determined by
the Kimura 2-Parameter method. The Neighbor-joining
(NJ) tree was constructed, and 1000 bootstrap analysis was
carried out by Mega7 (Kumar et al. 2016).

RESULTS AND DISCUSSION

Results
Thirty-three  successful  identification  samples
consisted of 2 sub-families within Carangidae,

Caranginae (31) and Scomberoidenae (2). In this study,
the Caranginae dominated the general catches of
fisherman, including Megalaspis cordyla (3), Atule mate
(3), and Decapterus macarelus (4). Meanwhile, local
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fishers' common fish caught in Java and Bali and
commercial fish, benefit domestic consumers. In general,
the types of fish collected in the Carangids group have
low prices and become food sources of protein for the
community.

Genetic distance

Genetic distance analysis was carried out using Mega7
compared to the GenBank database. Several sequences
have unique, potentially as a haplotype that Indonesia has
founded. Within subfamily Scomberoidinae, Scomberoides
tala is similar to the Indo-Malay (JX261091) than
Scomberoides commersonnianus has a very close genetic
distance with the Indo-Malay sequence (JX261017) is
0.0019. The smaller the genetic distance, the closer the
similarity and may indicate that a particular species may
have similar origins (Tapilatu et al. 2021; Dwifajri et al.
2022). In addition, within sub-family of Caranginae, we
also found potentially haplotype Indonesia in Decapterus
maruadsi  (0.0079), Megalaspis cordyla (0.0019),
Carangoides armatus (0.0019), Atropos Atropos (0.0019),
Alepes vari (0.0019), Atule mate (0.0059), Selar boops
(0.019), Selar crumenophthalmus (0.0039), Carangoides
malabaricus (0.0019), Carangoides chrysophrys (0.0019),
and Selaroides leptolepis (0.0019).

Phylogenetic reconstruction

In the phylogenetic tree produced, two clades have
been formed: the subfamily Cranginae and Scomberoidinae
(Figure 1). Morphologically, Scomberoidinae is closer to
the Family of Scombridae with fusiform in body shape
(Figure 2), but its body was flattened compared to the
torpedo-like Scombridae. Scomberoidinae, in etymology,
has a meaning similar to tunny or mackerel. In this study,
Scomberoides tala and Scomberoides commersonnianus
were successfully identified from Banyuwangi and Gresik,
respectively.

Carangidae status in IUCN and CITES

Almost all Carangidae species in this study have the
status of Least Concern (LC), and the international trade
(CITES) status is not evaluated (Table 2). From several
reports, the fishing of Carangids species is carried out
intensively, and most of them turn it into fish for
processed fishery products such as surimi or only as raw
material for fish meal. For example, research on fish
catches in the Madura Strait found that Carangidae fish
catch was 8% (Purwangka and Mubarok 2018), while
other studies found Carangidae species of 38.51% of the
catch (Khatami et al. 2018). Apart from Java, the
Carangidae species that traditional fishers catch in
Kalimantan also entirely dominate around 16.67% (Alfian
et al. 2020).
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PRI-11 Megalaspis cordya
| GRE-13 Megalasprs cardyla
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Figure 1. Phylogenetic tree of Carangidae using the neighbor-joining algorithm by Mega7
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Figure 2. Scomberoidinae: Scomberoides commersonnianus from Gresik and Scomberoides tala from Banyuwangi (Bar = 1 cm)

Tabel 2. IUCN and CITES status of all Carangids species

Species Sub-family Habitat distribution ~ Common name L?nglt;i(i CITES Threat to humans
Alectis indica Caranginae Indo-Pacific Indian threadfish LC NE Harmless
A. melanoptera Caranginae Indo-Pacific Blackfin scad LC NE Harmless
A. vari Caranginae Indo-West Pacific Herring scad LC NE Harmless
Atropus atropos Caranginae Indo-West Pacific Cleftbelly trevally LC NE Harmless
Atule mate Caranginae Indo-Pacific Yellowtail scad LC NE Harmless
C. armatus Caranginae Indo-West Pacific Longfin trevally  LC NE Harmless
C. chrysophrys Caranginae Indo-Pacific Longnose trevally LC NE Harmless
C. malabaricus Caranginae Indo-West Pacific Malabar trevally  LC NE Harmless
Caranx sexfasciatus Caranginae Indo-Pacific Bigeye trevally LC NE Harmless
Caranx tille Caranginae Indo-West Pacific Tille trevally LC NE Harmless
Decapterus macarellus  Caranginae Circumglobal. Mackerel scad LC NE Ciguatera poisoning
D. macrosoma Caranginae Indo-Pacific and Shortfin scad LC NE Harmless
Southeast Atlantic
D. maruadsi Caranginae Indo-West Pacific Japanese scad LC NE Harmless
Megalaspis cordyla Caranginae Indo-West Pacific Torpedo scad LC NE Harmless
Parastromateus niger Caranginae Indo-West Pacific Black pomfret LC NE Harmless
Selar boops Caranginae Pacific Ocean Oxeye scad LC NE Harmless
S. crumenophthalmus Caranginae Circumtropical Bigeye scad LC NE Ciguatera poisoning
Selaroides leptolepis Caranginae Indo-West Pacific Yellow stripe scad LC NE Harmless
Scomberoides tala Scomberoidinae Indo-West Pacific Barred queenfish  LC NE Harmless
S. commersonnianus Scomberoidinae Indo-West Pacific Talang queenfish LC NE Harmless

Discussion

Shallow marine fishery resources, especially in the Java
Sea, have provided benefits for meeting animal protein
needs in the Java Island region, the most populous island
area in Indonesia. Indonesian capture fisheries production
in Indonesia until 2017 reached 6,603,630.58 tonnes/year
with a value of USD 185,798,801 (Nainggolan et al. 2019).
From several ports on Java, the Java Sea fishery shows
quite intensive fishery activity with a fairly large catch
value. There are potential ports with very diverse catches
along the north coast of the island of Java. However,
studies conducted by Java sea capture fisheries in the
Central Java region show that the Carangids group, such as
Decapterus spp., is a caught fish species that dominates,
especially during the peak season in September-November
each year (Chodrijah and Hariati 2017). Another study
stated that as a migratory pelagic fish, Decapterus spp. into
the waters of the Java Sea from the Indian Ocean. The
migration occurred in the western season (January-March)
and increased during the southeast monsoon (June-July),
including two species, Decapterus macrosoma and
Decapterus russelli (Prasetyo et al. 2018).

Carangidae fishery is a fishery potential that is the
mainstay of fulfilling domestic consumption compared to
tuna fisheries which are exported products (Yusuf et al.
2018). Carangidae commodity, processed products are an
effort to increase the product's added value besides being
sold in fresh fish. One of the most famous processed
products with Carangids fish raw materials is the
scavenging with the main fish species in steam fish
(pindang) from the genus Decapterus spp and Atule spp
(Lubis et al. 2019).

The surveys in some fish landing areas on the north
coast of Java and the south coast illustrate that the Javanese
marine fishery makes Carangids a relatively high catch
(Table 1). On the other hand, in the southern region of
Java, it is the result of large pelagic fisheries such as tuna
and skipjack (Firdaus 2019). Previous research has also
confirmed that the Java sea fishery with the Carangids
commodity is becoming quite popular (Chodrijah and
Hariati 2017). Meanwhile, in the Indian sea fishery or the
southern coast of Java, tuna fisheries are the mainstay and
are the mainstay in Malang (Wiadnya et al. 2018).
Pelabuhan Ratu (Mertha et al. 2017) is well known as a
center for tuna fish catches in Southern Java (Nurani et al.
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2017). Besides, Bali Island, directly facing the Indian
Ocean, also has a potential tuna landing center in Benoa
(Ahmad et al. 2019).

However, Carangids fish's diversity has provided
benefits even though, economically, it is only developed
into a domestic product with traditional processing
technologies such as dried salted fish and pindang.
Phylogenetic tree analysis shows that the carangid diversity
caught in the waters around Java is mainly in the
Carangidae suborder group. However, a small proportion is
included in the Scomberoidinae suborder group. In the
Caranginae group, Megalaspis cordyla and Selaroides
leptolepis dominate Java's northern region (Gresik and
Pekalongan). In this phylogenetics, two distinct clade sub-
orders between the Caranginae and Scomberoidinae sub-
orders (Figure 1).

All carangid fish status in the IUCN Red list status and
CITES classify all species in this order into the Least
Concern (LC) category and Not Evaluated (NE). Attention
and regulation are needed in the management of capture
fisheries in particular. For instance, the northern part of
Java reported having experienced overfishing (Sadhotomo
and Atmadja 2016). Another interesting point is that apart
from being an essential source of animal protein for coastal
communities, two types of fish have been reported to be the
causes of Ciguatera poisoning that need to be watched out
for in Decapterus macarellus (Lange et al. 1992), and Selar
crumenophthalmus (Rongo and van Woesik 2012). The
type of Decapterus macarellus, suspected of containing
poison is smoked fish imported from the Philippines. The
possibility of smoked fish meat has palytoxin, which
causes ciguatera poisoning (Kodama et al. 1989). Ciguatera
poisoning is a form of ichthyo-sarcotoxism, which means
the content of some toxin in that body. This condition
occurs when marine fishes inadvertently ingest particular
dinoflagellates that produce ciguatoxins (Rongo and van
Woesik 2012). Until now, no identified reports about
ciguatera poisoning in Indonesia. Food safety in the
fisheries sector has received considerable attention for a
long time. Fishery commodities that harvested from highly
polluted habitats are among the chains in increasing heavy
metals concentration that may impact humans (REF?).
Furthermore, fish that live in waters with a reasonably
complex food chain, allowing food to enter the fish's body,
would trigger the cause of ciguatera that has been reported
in several other countries outside Indonesia (Chan 2016).
Although there have been no reports of ciguatera cases in
Indonesia (including Brunei, Cambodia, Myanmar, and
North Korea) (Chan 2015a), there needs to be serious
attention to Indonesian fishery products, which are also
exported commodities. A report states that Indonesian
fishery products are reported to cause ciguatera from
snapper fish on the commercial market in Germany
(Friedemann 2019). However, only China (Chan 2015b)
and Hongkong (Chan 2014b) received reports of ciguatera
due to fishery products on hump-head wrasse (Chan 2013)
and tiger grouper (Chan 2014a), which caused some people
to receive medical care.
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Sub-Family Caranginae

In this study, the sub-family Caranginae dominates with
31 species identified from 31 species (94%), while the
remaining groups are Scomberoidinae (4%). In the
Caranginae group, it can be found both in the Java Sea and
the Indian Ocean. In the Java Sea area, this study found the
types of Megalaspis cordyla (GRK and PKL), Alepes vari
(GRK), Alepes melanoptera (PKL)), Selar boops (GRK),
Carangoides malabaricus (BNT), and Selaroides leptolepis
(PKL and PRT). Based on the phylogenetic tree (Figure 1),
the species Megalaspis cordyla from Gresik and
Pekalongan has close related and probably in the same
population and share a habitat in Jawa Sea (Maskur et al.
2020). However, the Indian Ocean and Java Sea regions
also share other types of Caranginae, such as Decapterus
macarellus (DPS, PKL and MLG), and Decapterus
macrosoma (BNT), Decapterus maruadsi (MLG),
Carangoides chrysophrys (BWI) and Carangoides
malabaricus (BNT). In brief, the two species of Decapterus
(D. macarellus and D. macrosoma) are pretty difficult to
distinguish morphologically. The primary and key
characteristic in the scattered scales on the lineal lateralis
part. Research on the morphological and molecular
characteristics of these two species of Decapterus has been
carried out clearly (Zhang et al. 2020). These types of fish
have become one of the targets of artisanal fisheries in
Java, both in the southern and northern regions including
Bali. Research in the Java Sea waters states that several
fish species, such as small pelagic, dominate the catch,
including the type of Selaroides leptolepis, Selar
crumenophthalmus, Dussumieria acuta, Rastrelliger
brachysoma, and Atule mate (Khatami et al. 2019).

Many studies on artisanal fisheries in Java have been
carried out, and Selaroides (Wijayanto et al. 2019a,
Wijayanto et al. 2019b) is one of the catch targets for
medium-sized nets such as the use of Danish seine fishing
gear, which is considered an environmentally friendly
fishing gear compared to trawling (Adhawati et al. 2017a,
Adhawati et al. 2017b). This artisanal fishery has driven
the economy and even continues today. For example,
capture fisheries in Pekalongan with mini purse seine
fishing gear that get catches belonging to the Caranginae
group, such as the type of Decapterus sp (Maulana et al.
2017). In addition, artisanal fisheries in the northern waters
of Java are also highly developed, such as in Banten
(Barlian et al. 2020; Barlian et al. 2021), Tegal (Wijayanto
et al. 2019a), Lamongan (Syamsuddin et al. 2020), and
Madura (Yonvitner et al. 2021).

Sub-Family Scomberoidinae

Although this group of fish is only 4% of this study,
economically, it is included in the fish group with a fairly
reasonable price. This fish of the Scomberoidinae group
has morphological characteristics similar to the Family
Scombridae, which includes tuna and mackerel with a
streamlined body shape to become a group of fast
swimming fish. In this study, Scomberoides
commersonnianus is a group of fish that is quite attractive
and becomes potential raw material for fishery products.
The method of catching this type of fish varies
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considerably; the use of blue LEDs is beneficial and
increases the catch of this species (Mawardi and Riyanto
2017). Processed products from the Scoberoides fish
species are Talang-Talang salted fish in Aceh (Melawati et
al. 2019; Riski 2017), fillets (Farsanipour et al. 2020),
Surimi, and fish nugget (Moosavi-Nasab et al. 2019,
Oujifard and Morammazi 2020). However, the types of
processed fishery products from these fish groups in
Indonesia are limited.

In conclusion, this research successfully identified the
diversity of Carangid fish landed in several fishery centers
in Java. Of the 33 carangids fish, the most extensive
composition obtained from these locations was Megalaspis
cordyla (4), Selaroides leptolepis (4), Atule mate (3), and
Decapterus macarelus (3). Generally, these fish are
consumed locally to meet people's protein needs in coastal
areas of Java. Phylogenetic analysis shows that the
suborder Caranginae and Scomberoidinae are separated.
Fish in the Caranginae suborder dominate compared to
other sub-orders. Scomberoidinae in this study has unique
morphological characteristics that are sometimes confused
with the Scombridae group. This reinforces the use of
molecular identification to complement morphological
identification.

ACKNOWLEDGEMENTS

The authors would like to express our sincere gratitude
for PUF 2020 Research Grant No. 1109
JUN3.1.12/PT/2020 from Universitas Airlangga, which
funded this research. We also deliver thank you to several
colleagues who have supported the collection of samples
throughout northern and southern Java, including Bali.
Besides, We deliver our deep gratitude to all reviewers who
provided important inputs and comments in improving this
manuscript.

REFERENCES

Adhawati SS, Baso A, Malawa A, Arief AA. 2017a. Social study of
cantrang (danish trawl) fisheries post moratorium at Makassar Straits
and Bone Gulf, South Sulawesi Province, Indonesia. Aquac
Aquarium Conserv Legislation 10: 1140-1149.

Adhawati SS, Baso A, Malawa A, Arief AA. 2017b. Comparative study of
economic value post cantrang moratorium on the waters of the Gulf
of Bone and Makassar Straits, South Sulawesi Province. Intl J Oceans
Oceanogr 11: 201-215.

Ahmad F, Dewanti LP, Arnenda GL, Rizal A. 2019. Length-weight
relationship and catch size of bigeye tuna (Thunnus obesus) landed in
Benoa, Bali, Indonesia. World News Nat Sci 23: 34-42.

Alfian RL, Iskandar J, Iskandar BS, Ermandara DP, Mulyanto D,
Partasasmita R. 2020. Fish species, traders, and trade in traditional
market: Case study in Pasar Baru, Balikpapan City, East Kalimantan,
Indonesia. Biodiversitas 21 2): 393-406. DOl:
10.13057/biodiv/d210146.

Aquilino SV, Tango JM, Fontanilla 1K, Pagulayan RC, Basiao ZU, Ong
PS, Quilang JP. 2011. DNA barcoding of the ichthyofauna of Taal
Lake, Philippines. Mol Ecol Resour 11: 612-619. DOI:
10.1111/j.1755-0998.2011.03000.x.

Baldwin CC, Mounts JH, Smith DG, Weigt LA. 2009. Genetic
identification and color descriptions of early life-history stages of
Belizean Phaeoptyx and Astrapogon (Teleostei: Apogonidae) with
comments on identification of adult Phaeoptyx. Zootaxa 2008: 1-22.

2805

Barlian E, Pradipto YD, Buana Y, Suprapto AT. 2020. Entrepreneurship
orientation of artisanal fishery on the use of internet of things
technology in achieving sustainable competitive advantage: A case
study in the Province of Banten, Indonesia. Psychol Educ 57: 168-
180. DOI: 10.17762/pae.v57i9.260.

Barlian E, Mursitama T, Pradipto Y, Buana Y. 2021. The influence of
entrepreneurship orientation and 10T capabilities to sustainable
competitive advantage of artisanal fisheries in Indonesia: A case
study of Artisanal Fishery in Banten Province. In IOP Conf Ser: Earth
Environ  Sci 729 (1) 012034. DOIl: 10.1088/1755-
1315/729/1/012034.

Chan TY. 2013. Ciguatera caused by consumption of humphead wrasse.
Toxicon 76: 255-259. DOI: 10.1016/j.toxicon.2013.10.018.

Chan TY. 2014a. Epidemiology and clinical features of ciguatera fish
poisoning in Hong Kong. Toxins 6: 2989-2997. DOI:
10.3390/toxins6102989.

Chan TY. 2014b. Large outbreaks of ciguatera after consumption of
brown marbled grouper. Toxins 6: 2041-2049. DOI:
10.3390/toxins6072041.

Chan TY. 2015a. Ciguatera fish poisoning in East Asia and southeast
Asia. Mar Drugs 13: 3466-3478. DOI: 10.3390/md13063466.

Chan TY. 2015b. Emergence and epidemiology of ciguatera in the coastal
cities of southern China. Mar Drugs 13: 1175-1184. DOI:
10.3390/md13031175.

Chan TY. 2016. Characteristic features and contributory factors in fatal
ciguatera fish poisoning—implications for prevention and public
education. AmJ Trop Med Hyg 94: 704-709. DOI: 10.4269/ajtmh.15-
0686

Chodrijah U, Hariati T. 2017. Musim penangkapan ikan pelagis kecil di
Laut Jawa. Jurnal Penelitian Perikanan Indonesia 16: 217-233. DOI:
10.15578/jppi.16.3.2010.217-233. [Indonesian]

Dwifajri S, Tapilatu RF, Pranata B, Kusuma AB. 2022. Molecular
phylogeny of grouper of Epinephelus genus in Jayapura, Papua,
Indonesia inferred from Cytochrome Oxidase | (COI) gene.
Biodiversitas 23 (3). DOI: 10.13057/biodiv/d230332.

Farsanipour A, Khodanazary A, Hosseini SM. 2020. Effect of chitosan-
whey protein isolated coatings incorporated with tarragon Artemisia
dracunculus essential oil on the quality of Scomberoides
commersonnianus fillets at refrigerated condition. Intl J Biol
Macromol 155: 766-771. DOI: 10.1016/j.ijbiomac.2020.03.228.

Firdaus M. 2019. Profil perikanan tuna dan cakalang di Indonesia. Buletin
llmiah Marina Sosial Ekonomi Kelautan dan Perikanan 4: 23-32.
DOI: 10.15578/marina.v4i1.7328. [Indonesian]

Friedemann M. 2019. Ciguatera fish poisoning outbreaks from 2012 to
2017 in Germany caused by snappers from India, Indonesia, and
Vietnam. J Consumer Prot Food Saf 14: 71-80. DOI:
10.1007/s00003-018-1191-8.

Froese R. 2009. FishBase. world wide web electronic publication.

Guardone L, Tinacci L, Costanzo F, Azzarelli D, D'Amico P, Tasselli G,
Magni A, Guidi A, Nucera D, Armani A. 2017. DNA barcoding as a
tool for detecting mislabeling of fishery products imported from third
countries: An official survey conducted at the Border Inspection Post
of Livorno-Pisa (ltaly). Food Control 80: 204-216. DOI:
10.1016/j.foodcont.2017.03.056.

Hajibabaei M, Singer GA, Hebert PD, Hickey DA. 2007. DNA barcoding:
how it complements taxonomy, molecular phylogenetics and
population  genetics. Trends Genet 23: 167-172. DOL:
10.1016/j.tig.2007.02.001.

Handy SM, Deeds JR, Ivanova NV, Hebert PD, Hanner RH, Ormos A,
Weigt LA, Moore MM, Yancy HF. 2011. A single-laboratory
validated method for the generation of DNA barcodes for the
identification of fish for regulatory compliance. J AOAC Intl 94: 201-
210. DOI: 10.1093/jaoac/94.1.201.

Hebert PD, Ratnasingham S, De Waard JR. 2003. Barcoding animal life:
cytochrome ¢ oxidase subunit 1 divergences among closely related
species. Proc Royal Soc London. Ser B: Biol Sci 270: S96-S99. DOI:
10.1098/rsb1.2003.0025.

Heemstra PC. 1993. Groupers of the world (Family Serranidae, Subfamily
Epinephelinae). An annotated and illustrated catalogue of the grouper,
rockcod, hind, coral grouper and lyretail species known to date. FAO
species catalogue 16.

Khatami AM, Yonvitner Y, Setyobudiandi I. 2018. Tingkat kerentanan
sumberdaya ikan pelagis kecil berdasarkan alat tangkap di perairan
Utara Jawa. Trop Fish Manag J 2: 19-29. DOI:
10.29244/jppt.v2i1.25318. [Indonesian]



2806

Khatami AM, Yonvitner Y, Setyobudiandi 1. 2019. Biological
characteristic and exploitation rate of small pelagic fishes in North
Java Sea. Jurnal llmu dan Teknologi Kelautan Tropis 11: 637-651.
DOI: 10.29244/jitkt.v11i3.19159. [Indonesian]

Kodama AM, Hokama Y, Yasumoto T, Fukui M, Manea SJ, Sutherland
N. 1989. Clinical and laboratory findings implicating palytoxin as
cause of ciguatera poisoning due to Decapterus macrosoma
(mackerel).  Toxicon 27: 1051-1053. DOI: 10.1016/0041-
0101(89)90156-6.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol 33:
1870-1874. DOI: 10.1093/molbev/msw054.

Lange WR, Snyder FR, Fudala PJ. 1992. Travel and ciguatera fish
poisoning.  Arch  Intern  Med 152: 2049-2053. DOI:
10.1001/archinte.152.10.2049.

Lohman DJ, de Bruyn M, Page T, von Rintelen K, Hall R, Ng PK, Shih
H-T, Carvalho GR, von Rintelen T. 2011. Biogeography of the Indo-
Australian archipelago. Annu Rev Ecol Evol Syst 42: 205-226. DOI:
10.1146/annurev-ecolsys-102710-145001.

Lubis E, Pane AB, Fatoni K. 2019. Kebutuhan ikan bahan baku industri
pindang di Pelabuhan Perikanan Pantai Tasik Agung Rembang. Mar
Fish: J Mar Fish Technol Manag 10 (2): 193-204. DOI:
10.29244/jmf.v10i2.30852. [Indonesian]

Maskur M, Nurwahidin N, Rumpa A, Setianto T, Isman K, Tamrin T,
Tandipuang P. 2020. Komposisi ikan hasil tangkapan pukat cincin
pada berbagai koordinat di Perairan Laut Jawa. Jurnal Airaha 9: 079-
088. DOI: 10.15578/ja.v9i01.168. [Indonesian]

Maulana RA, Sardiyatmo S, Kurohman F. 2017. Pengaruh lama waktu
setting dan penarikan tali kerut (purse line) terhadap hasil tangkapan
alat tangkap mini purse seine di Pelabuhan Perikanan Nusantara
Pekalongan. J Fish Resour Util Manag Technol 6: 11-19. [Indonesian]

Mawardi W, Riyanto M. 2017. Penggunaan lampu light emitting diode
(LED) biru terhadap hasil tangkapan bagan apung di Kabupaten Aceh
Jaya. Albacore Jurnal Penelitian Perikanan Laut 1: 235-243. DOI:
10/10.29244/core.1.2.235-243. [Indonesian]

Melawati B, Fakhrurrazi F, Abrar M. 2019. Deteksi bakteri Salmonella sp.
pada ikan asin talang-talang (Scomberoides tala) di Kecamatan
Leupung Kabupaten Aceh Besar. Jurnal limiah Mahasiswa Veteriner
3:175-180. DOI: 10.21157/jim%20vet..v3i3.11683. [Indonesian]

Mertha 1GS, Nurhuda M, Nasrullah A. 2017. Perkembangan perikanan
tuna di Pelabuhanratu. Jurnal Penelitian Perikanan Indonesia 12: 117-
127. DOI: 10.15578/jppi.12.2.2006.117-127. [Indonesian]

Moosavi-Nasab M, Asgari F, Oliyaei N. 2019. Quality evaluation of
surimi and fish nuggets from Queenfish (Scomberoides
commersonnianus). Food Sci  Nutr 7. 3206-3215. DOI:
10.1002/fsn3.1172.

Nainggolan H, Rahmantya K, Asianto A, Wibowo D, Wahyuni T,
Zunianto A, Ksatrya S, Malika R. 2019. Kelautan dan Perikanan
Dalam Angka Tahun 2018. Jakarta, Ministry of Marine Affairs and
Fishries, Republic of Indonesia. [Indonesian]

Nurani TW, Lubis E, Haluan J, Saad S. 2017. Analysis of fishing ports to
support the development of tuna fisheries in the South Coast of Java.
Indones Fish Res J 16: 69-78. DOI: 10.15578/ifrj.16.2.2010.69-78.

Oujifard A, Morammazi S. 2020. Effect of duration and frequency of
washing on physico-chemical and sensory properties of Talang
queenfish (Scomberoides commersonnianus) surimi. J Food Process
Preserv 11: 49-62. DOI: 10.22069/EJFPP.2020.13376.1435.

Prasetyo A, Hamdani H, Astuty S, Dewanti LP. 2018. The ecofriendly
level of mini purse seine based on catch Decapterus spp in

BIODIVERSITAS 23 (6): 2799-2806, June 2022

Pekalongan Nusantara Fishing Port, Central Java, Indonesia. World
News Nat Sci 21.

Purwangka F, Mubarok HA. 2018. Komposisi ikan hasil tangkapan
menggunakan cantrang di Selat Madura. Albacore 2. DOI:
10.29244/core.2.2.239-252. [Indonesian]

Randall JE. 1995. Coastal fishes of Oman. University of Hawaii Press,
Honolulu, HW.

Randall JE, Allen GR, Steene RC. 1997. Fishes of the great barrier reef
and coral sea. University of Hawaii Press, Honolulu, HW.

Ratnasingham S, Hebert PD. 2007. BOLD: The Barcode of Life Data
System (http://www.barcodinglife.org). Mol Ecol Notes 7: 355-364.
DOI: 10.1111/j.1471-8286.2007.01678.x.

Riski K. 2017. lIsolasi bakteri Staphylococcus aureus pada ikan asin
talang-talang  (Scomberoides commersonnianus) di Kecamatan
Leupung Kabupaten Aceh Besar. Jurnal Iimiah Mahasiswa Veteriner
1: 366-374. DOI: 10.21157/jim%20vet..v1i3.3378. [Indonesian]

Rongo T, van Woesik R. 2012. Socioeconomic consequences of ciguatera
poisoning in Rarotonga, southern Cook Islands. Harmful Algae 20:
92-100. DOI: 10.1016/j.hal.2012.08.003.

Sadhotomo B, Atmadja SB. 2016. Sintesa kajian stok ikan pelagis kecil di
Laut Jawa. Jurnal Penelitian Perikanan Indonesia 18: 221-232. DOI:
10.15578/jppi.18.4.2012.221-232.

Sastraprawira SM, Razak IHA, Shahimi S, Pati S, Edinur HA, John AB,
Ahmad A, Kumaran JV, Martin MB, Chong JL. 2020. A review on
introduced Cichla spp. and emerging concerns. Heliyon 6: e05370.
DOI: 10.1016/j.heliyon.2020.e05370.

Syamsuddin A, Fauzi A, Fahrudin A, Anggraini E. 2020. The impacts of
policy implementation of cantrang prohibition for fishing activities in
Paciran Sub-district, Lamongan Regency, East Java, Indonesia. I1OP
Conf Ser: Earth Environ Sci 420 (1): 012030. DOI: 10.1088/1755-
1315/420/1/012030.

Tapilatu RF, Tururaja TS, Sipriyadi S, Kusuma AB. 2021. Molecular
phylogeny reconstruction of grouper (Serranidae: Epinephelinae) at
northern part of Bird's Head Seascape-Papua Inferred from COI
Gene. Fish Agquat Sci 24 (5): 181-190. DOI: 10.47853/FAS.2021.e18.

Wiadnya D, Damora A, Tamanyira M, Nugroho D, Darmawan A. 2018.
Performance of rumpon-based tuna fishery in the Fishing Port of
Sendangbiru, Malang, Indonesia. IOP Conf Ser: Earth Environ Sci
139 (1): 012019.

Wijayanto D, Bambang AN, Kurohman F. 2019a. The impact of
‘cantrang’ (Danish seine) fisheries on gillnet fisheries in Tegal coastal
area, Indonesia. AACL Bioflux 12: 1005-1014.

Wijayanto D, Sardiyatmo S, Setiyanto |, Kurohman F. 2019b.
Bioeconomic analysis of the impact of ‘cantrang’ (Danish seine)
toward gill net in Pati regency, Indonesia. AACL Bioflux 12: 25-33.

Yonvitner M, Syukri N, Akmal SG, Fadlian R. 2021. Intrinsic
vulnerability of artisanal fisheries record from Banyusangka Fish
Landing Port, Madura Island. JFMR (J Fish Mar Res) 5. DOI:
10.21776/ub.jfmr.2021.005.03.25.

Yusuf R, Arthatiani FY, Maharani H. 2018. Kinerja ekspor tuna
indonesia: suatu pendekatan analisis bayesian. Jurnal Kebijakan
Sosial Ekonomi Kelautan dan Perikanan 7: 39-50. DOI:
10.15578/jksekp.v7i1.5746. [Indonesian]

Zhang L, Zhang J, Song P, Liu S, Liu P, Liu C, Lin L, Li Y. 2020.
Reidentification of Decapterus macarellus and D. macrosoma
(Carangidae) reveals inconsistencies with current morphological
taxonomy in China. ZooKeys 995: 81. DOLl:
10.3897/z00keys.995.58092.



