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Introduction
Shark and rays belong to Chondrichthyes or
also known as elasmobranchs, inhabit the
top of the trophic in the aquatic ecosystem
(Compagno, 1990; Dulvy et al., 2014).
They are characterized by simple
cartilaginous internal skeleton that are
formed by tough and flexible cartilage and
no bones present in the skeleton, fins, or
scales and another characteristic is they
have placoid scales and rows of teeth that
continually replaced (Ebert ez al., 2021).
Sharks and rays were once primarily
regarded as bycatch, incidentally captured
alongside commercially valuable species
during fishing operations (Arai and Azri,
2019). However, they have increasingly
become targeted species, particularly in
longline fisheries, due to their rising
commercial value. Braccini and Waltrick
(2019) highlighted growing global demand
for shark and ray fins, meat, and other body
parts, leading to intensified fishing pressure
and posing serious risks to population
sustainability. Their inherently vulnerable
life history traits such as slow growth, late
sexual maturity, long lifespan, and low
fecundity further exacerbate these threats
(Hutchings et al., 2012; Doherty et al.,
2023). In addition, several other factors
including habitat degradation, pollution,
and climate change further increase the
pressure on the sustainability of shark and
ray populations (Stobutzki et al., 2002;
Blaber et al., 2009; Simpfendorfer et al.,
2011; Haque et al., 2021). Environmental
conditions may influence the sustainability
of vulnerable taxa such as sharks and rays.
Dehghani et al. (2024) showed that changes

in seawater physical properties altered
assemblage structure in the northeastern
Persian Gulf, contributing to reduced
taxonomic richness in sharks while
highlighting species-specific depth and
environmental preferences.

In Malaysia, sharks and rays account for
less than 1% of total marine landings, with
reported landings of 5,736 mt for sharks
and 11,318 mt for rays. Over the past two
decades, shark and ray landings have
declined by approximately 35% to 40%
according to in Department of Fisheries
(DOF, 2023). A recent study by Sharikin et
al. (2025) revealed that more than half of
the shark and ray catches along the east
coast of Peninsular Malaysia consist of
species classified as endangered, with some
showing a noticeable decline in individual
numbers. Several studies on the population
of sharks and rays in Malaysia have been
conducted such as genetic analysis by
Masstor et al. (2014), Lim et al. (2021),
Fahmi et al. (2021) and Loh et al. (2023);
trading of shark’s fin by Seah et al. (2022)
and feeding ecology by Abdullah et al.
(2023). Additionally, the study on landings
and species composition has been done by
Booth ef al. (2021) in Sarawak, Hilmi et al.
(2017) in Perak and Yusof et al. (2021) in
Pahang, Arai and Azri (2019) in the
southern South China Sea and Sharikin et
al. (2025) on the diversity and exploitation
pattern of sharks and rays in the East Coast
of Peninsular Malaysia.

Due to the importance of sharks and rays
in the marine ecological systems and the
threat to the population from various
factors, it is crucial that the management
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and conservation plan of the population be
adopted. Management strategies may
include setting species-specific catch
limits, enforcing gear restrictions,
implementing time and area closures,
promoting responsible fishing practices,
and supporting research and monitoring
initiatives (Sharikin et al., 2025). A
comprehensive understanding of the
population is essential for developing an
effective management strategy.

Many aspects of shark and ray
populations remain insufficiently studied,
one of which is hotspot analysis. A hotspot
is defined as an area within a broader region
that exhibits a high concentration of
individuals or species (Sussman et al.,
2019). Identifying such areas is essential
for understanding species abundance and
distribution patterns. Hotspot analysis is a
spatial statistical method used to detect
clusters of significantly high or low values
of a given phenomenon among
neighbouring features compared to the
overall dataset. This method typically
employs the Getis-Ord Gi* statistic (Ord
and Getis, 1995) to identify hot and cold
spots based on the average computed test
statistic across all features in a geographic
information system (GIS) environment,
such as Quantum Geographic Information
System (QGIS) (Oxoli et al., 2018).

This analytical approach has been
applied in various ecological studies. For
instance, Bowser et al. (2023) utilized
hotspot analysis for the early detection and
monitoring of invasive species in Maumee
Bay, western Lake Erie. Similarly, Ma et al.
(2025) employed the method to identify

fish diversity and composition hotspots in
the Yangtze River, revealing key hotspot
areas in the Dadu and Tongtian rivers.
Mourato et al. (2011) also applied this
approach to study longline fisheries along
the southeastern coast of Brazil, identifying
that fishing activities were more
concentrated near the continental shelf
break, corresponding with variations in
catch per unit effort (CPUE) of major target
species. Therefore, identifying shark and
ray hotspots is valuable, as such
information can assist ~management
authorities in  developing effective
management plans (McAllister et al.,
2024). This study aims to determine hotspot
areas for shark and ray species, with a
particular focus on identifying zones of
species aggregation in the waters of Kuala
Dungun. The findings will improve
understanding of areas where sharks and
rays are most heavily concentrated and
exploited, providing crucial insights to
support  future  management efforts
especially within the framework of Marine
Spatial Planning.

Materials and methods

Study area

This study was conducted in the waters of
Kuala Dungun as shown in Figure 1. Kuala
Dungun waters were selected after as
proposed by the Department of Fisheries,
Malaysia due to the high abundance of
shark and rays observed during the
department’s long-term observation. Kuala
Dungun waters, located in Terengganu on
East Coast of Peninsular Malaysia region
and facing the South China Sea discharged
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by Dungun River which the second largest
river in Terengganu with the length of

approximately 110 km and approximately
920 meters wide (Ishak et al., 2014).
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Figure 1: Location of Kuala Dungun waters in the Peninsular Malaysia.

The waters of Kuala Dungun range in depth
from 10 to 60 m and include Tenggol
Island, a well-known diving destination and
a recognized site for whale shark
(Rhincodon typus) sightings. The area also
serves as an important fishing ground and a
key source of livelihood for many artisanal
and coastal fishers, as Kuala Dungun itself
is a fishing village (Magson et al., 2022;
Sanusi et al., 2024). Additionally, Rantau
Abang is located within Kuala Dungun is a
notable turtle nesting site and one of the
designated prohibited fishing zones under
the Fisheries Act of Malaysia 1985 (DOF,
2024).

Data collection

The permission to conduct this research
was obtained from the Department of
Fisheries Malaysia (Reference: Prk. ML.
11/02/37 JId 15 (3). Monthly on-board
observation was conducted from June 2023
to May 2024 on trawl, longline and fish trap
vessels with the average of 6 days per
month for each fishing vessels. Verbal
fishermen consents were obtained before
boarding their fishing vessels. During the
onboard study, the enumerators observed
the activities conducted such as the duration
of fishing activities, number of fishing
gears and baits used if applicable. If sharks
or rays landed, species identification was
conducted following the guidelines
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provided by Ali et al. (2019, 2020) and the
sample was measured to the nearest 0.1 cm
and 0.1 kg respectively for length and
weight. The Geographic Information
System (GIS) location of fishing operations
was recorded by using Timestamp Camera
application. In addition, the photos and
videos of fishing operations were also
recorded.

Fishing location and information

The location of fishing operation of all
fishing vessels involved in this study is
shown in Figure 2. Longline fishing
operations in the waters of Kuala Dungun
typically involve two sets of longlines, each
equipped with 70 hooks. The fishing

activity begins at around 3:30 a.m. and lasts
for approximately five hours, including 30
minutes of travel time each way between
the fishing ground and the landing site.
Fishers use small boats powered by 15 hp
outboard engines. Barracuda (Sphyraena
spp.), a low-value species priced at around
RM 1-2 per kg that is commonly used as
bait. Fishing operations are conducted
within a range of 0.3 to 4 nautical miles
(nm) from shore, with the farthest sites
extending up to 8 nm, at depths between 20
and 30 m. The primary targets are high-
value demersal species such as groupers,

snappers, croakers, and catfishes.
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Figure 2: The location of fishing activity in Kuala Dungun waters, Fish trap (A), Longline (B), and Trawl

(©).

Fish trap operations in the waters of Kuala
Dungun typically involve an average of 40

traps. Each trap measures approximately 3
feet in width, and height, and 4 feet in
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length, and is fitted with eight bricks as
sinkers and an empty bottle attached to the
top to serve as a float. The target species
vary seasonally: from June to August,
fishers primarily target pharaoh cuttlefish
(Acanthosepion pharaonis), while from
September to November, the focus shifts to
threadfin breams (Nemipterus spp.) and
groupers (Epinephelus spp.), using baited
traps. The operations are conducted using
fiberglass vessels measuring about 7.14
meters in length, 2.14 m in width, and 0.35
m in depth, with a gross register tonnage
(GRT) of 1.51 and powered by a 60-
horsepower outboard engine. Fishing
usually begins at 6:30 am. and concludes at
12:00 pm., within a range of 0.3 to 4 nm
from shore, at depths between 10 and 30 m.
Trawl net operations in the waters of
Dungun use nets measuring 5.5 m in length,
with a 6-meter opening and a 1.5-inch cod
end. The vessels employed are
approximately 13.22 m long, 3.35 m wide,
and 1.11 m deep, with a gross register
tonnage (GRT) of 13.89 and powered by a
190 hp inboard engine. Each trawling haul
lasts about three hours, conducted at a
speed of around 4 knots, typically 5 nm
from the coastline. The main target species
are loliginid squids, prized for their high
market value (RM 25-35 per kilogram).

Data analysis

In this study, the CPUE was calculated to
observe the relative abundance of sharks
and rays by fishing gear where:

__ Catch
CPUE= Effort

Where, Catch = Total Landing of Species A
(individuals) and Effort = Total effort of
fishing (Hours/Days/Haul).

The recorded coordinates, CPUE and the
types of fishing gear then were sorted and
converted into comma separated value files
(CSV) for conversion into Quantum
Geographic Information System (QGIS)
version 3.28.11 software for Hotspot
Analysis (Getis and Ord, 1992; Oxoli et al.,
2016; Hurley et al., 2019; Sobri et al.,
2022). The determination criteria of hotspot
areas were based on Getis-ord GI* statistic
where every fishing point were weighted
based on CPUE/hour of sharks and rays
caught by calculating the Z-score and P-
value in the plot of 500 m? (Table 1).

Results

Landing of sharks and rays

A total of 282 individuals of sharks and 92
individuals of rays from four species of
sharks and five species of rays were
recorded during onboard observation from
three fishing gears (Table 2). The most
caught sharks were Carcharhinus sorrah,
which was caught from longline fisheries
and  Chiloscyllium  punctatum  and
Chiloscyllium hasseltii that were caught by
fish trap.
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Table 1: The determination criteria of hotspot area based on the Getis-Ord Gi statistic.

Not significant: Z-score >=1.65 & <=1.96, p-value => 0.1

Hotspot 90% confidence level: Z-score >=1.65 & <=1.96, p-value <=0.1 & =>0.05

Hotspot 95% confidence level: Z-score >=1.96 & <=2.58, p-value <=0.05 & =>0.01

Hotspot 99% confidence level: Z-score >=2.58, p-value <= 0.01

On the other hand, the most caught rays
were Neotrygon varidens and Taeniura
lymna by fish trap, Maculabatis spp., by
trawl net, and Maculabatis spp. from
longline vessels. As for fish traps, the
landings of sharks and ray were dominated
by bamboo sharks (C. punctatum and C.
hasseltiiy and  Mahogany  maskray
(Neotrygon  varidens)  along  with
Bluespotted lagoon ray (Taeniura lymna).
Bamboo sharks were observed consistently
throughout the year while N. varidens were
observed from January to July. 7. lymna
landings were fluctuated along the study
period.

Catch per unit effort of sharks and rays
The results on the catch per unit effort of
sharks and rays for each fishing gear was
presented in Table 3.

The highest catch per unit effort per hour by
longline were C. sorrah with CPUE
ranging from 0.83 individuals/hour in July
2023 to 14 individuals/hour in October
2023. C. punctatum only recorded in
October 2023 with 0.5 individuals/hour

while for C.  hasseltii  were 0.17
individuals/hour to 0.67 individuals/hour.
As for rays, Maculabatis spp. CPUE were
ranging from 0.17 individuals/hour to 0.83
individuals/hour while R. australiae and H.
uarnak were both 0.17 individuals/ hour,
respectively.

The CPUE of C. punctatum and C.
hasseltii by trap ranged from 0.04
individuals/hour to 0.38 individuals/hour
and 0.04 individuals/hour to 0.21
individuals/hour respectively. The highest
CPUE observed in November 2023 for C.
punctatum and in December 2023 and May
2024 for C. hasseltii. As for rays, T. [ymna
CPUE ranged from 0.04 individuals/hour to
0.29 individuals/hour with the highest in
September 2023 while N. varidens ranged
from 0.04 individuals/hour to 0.5
individuals/hour with the highest in January
2024. Lastly, the CPUE of Maculabatis
spp. from trawl net ranged from 0.33
individuals/hour to 1.33 individuals/hour
with the highest in May 2024.
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Table 2: Landings of sharks and rays by fishing gear.

Species Ju Jul Au e Oc
n g p t

Fishing
Gear

No Dec Ja Feb Ma Ap Ma Tota
v n r r y 1

Carcharhinus ) 5 9 48 34
sorrah
Carcharhinus

Spp.

Chiloscyllium
punctatum

. Chiloscyllium
Longline hasseltii - - 1 3 1

Rhynchobatus
australiae

Maculabatis
spp.

Himantura
uarnak

Chiloscyllium
punctatum

Chiloscyllium
hasseltii
Fish Trap
Taeniura
lymna

Neotrygon
varidens

W

[V}
1

—
1

Trawl Maculabatis . . | ) 1
spp.

27 2 - 17 - - - 192

Hotspot area of sharks and rays

During the study period, most of the sharks
and rays were caught in coastal area of less
than 4 nautical miles except for trawlers
which operated up to 8 nm.

Figure 3 showsthe location of where all the
dominant sharks and rays species were
caught. Although Maculabatis spp. caught
mostly at coastal area, it also caught further
from shore by trawlers.
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Table 3: Catch per unit effort of sharks and rays by fishing gear.

Fishing

[ Downloaded from jifro.ir on 2026-06-11 ]

Gear Species Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Carcharhinus - 083 150 8.00 1400 450 033 - 283 - - ;
sorrah
Carcharhinus ) i i ) 0.17 ) } B } ; _ -
spp.
Chiloscyllium i i i i 0.50 i i i i i i i
punctatum
Longline - Chiloscyllium - 017 050 017 - - - - - 067 -
hasseltii
Rhynchoéatus i ~ o7 - 017 i i i i i i i
australiae
Maculabatis spp. - - 034 083 034 017 - - 017 - - -
Himantura i i i ) ) ) i ) i i 0.17 )
uarnak
Chiloscyllium - 008 008 013 008 038 025 029 021 004 0.17 0.04
punctatum
, Chiloscyllium 04 008 004 017 008 017 021 008 013 008 017 021
Fish hasseltii
Trap
Taeniura lymna - - - 0.29 0.08 - - - 0.08 - 0.04 -
Neotrygon 013 008 - 004 - - 004 033 008 050 0.3 0.08
varidens
Trawl  Maculabatis spp. - - 033 - 0.33 - - 066 - - 0.66 1.33
% S [ ;? oo Legend
@ 4 Rhynchobatus australiae caught location
. Macubalatis spp caught location
- Chiloscyllium punctatum caught location
Q Chiloscyllium hasseltii caught location
= Carcharhinus sorrah caught location
—— Contours
] { £
) *
‘{I 03.300 103.350 103.400 103.450 103.500 103.550 103.600 103.650 103.700

Figure 3: Location of the occurrence of the dominant sharks and rays caught during the study period.
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The analysis of hotspot areas of the most
dominant shark and rays species was
presented in Figs. 4 to 8.

Spot-tail shark (Carcharhinus sorrah)
hotspot shows that there are nineteen 99%
confidence level hotspot area plot and two
95% confidence level hotspot area plot with
each box represent 100m X 100m grids.
The Spot-tail shark (C.sorrah) caught
mostly in the areas where FADs are located
(Fig. 4). The difference between 99%, 95%
and 90% confidence level are based on the
calculated Z-score and p-value.

Brownbanded Bambooshark

(Chiloscyllium punctatum) hotspot shows

that there are four 99% confidence level
hotspot area plot with each box represent
100m X 100m grids. Brownbanded
Bambooshark (C. punctatum) caught
mostly in the areas where bottom type was
sandy and muddy (Fig. 5).

Hasselt’s Bambooshark (Chiloscyllium
hasseltii) hotspot shows that there are six
99% confidence level hotspot area plot with
each box represent 100m X 100m grids.
Hasselt’s Bambooshark (C.  hasseltii)
caught mostly in the areas where bottom
type was sandy and muddy (Fig. 6).
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Figure 4: Hotspot area of Carcharhinus sorrah in the waters of Kuala Dungun.
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Figure 5: Hotspot area of Chiloscyllium punctatum in the waters of Kuala Dungun.

Whitespotted Wedgefish (Rhynchobatus
australiae) hotspot shows that there are
four 99% confidence level hotspot area plot
with each box represent 100m X 100m

grids.  Whitespotted ~ Wedgefish (R
australiae) caught mostly in the areas
where FADs are located (Fig. 7).
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Figure 6: Hotspot area of Chiloscyllium hasseltii in the waters of Kuala Dungun.
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Figure 7: Hotspot area of Rhynchobatus australiae in the waters of Kuala Dungun.

Whitespotted Whipray (Maculabatis spp.)
hotspot shows that there are thirty-one 99%
confidence level hotspot area plot, five 95%
confidence level hotspot area plot, and one

each box represent 100m X 100m grids.
Whitespotted Whipray (Maculabatis spp.)
caught mostly in the areas where FADs are
located (Fig. 8).
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Figure 8: Hotspot area of Maculabatis spp. in the waters of Kuala Dungun.
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Discussion

Hotspot analysis in fisheries can be defined
as fish aggregation on a specific area
(Wilen, 2004; Giacomo et al., 2018).
Identifying hotspot areas are crucial to
propose effective management and
conservation measures as the location and
fishing pressure to be identified (Hall and
Close, 2007; Lewison et al., 2009; Jalali et
al., 2015; Giacomo et al., 2018).

During the study period, Carcharhinus
sorrah was extensively caught by longline
fisherman with the average weight of 3- 4
kg per individual and the total length
ranged from 66.4 to 91.3 cm. This suggest
that C. sorrah caught were ranged from
juveniles (60-89cm) and nearing mature
stage (90-118cm) (Ebert et al., 2021).
Although rays were fewer in numbers, but
their size is larger such as Maculabatis spp.
and R.australiae which weights around 12
to 24 kg with the disc length ranged from
55 to 77 cm and total length ranged from
112 to 122 cm, respectively.

In this study, C. sorrah hotspot were
identified near the artificial reef and
nearshore area which supported by findings
from other studies, where C. sorrah
important habitat includes bay areas and
coral reef (Knip et al., 2012a; Samusamu et
al., 2021). For Chiloscyllium punctatum
and C. hasseltii, same pattern of hotspot
was also observed near artificial reef and
nearshore waters. According to Arai and
Azri, (2019) and Fahmi et al. (2021), C.
punctatum and C. hasseltii prefers sandy
and muddy bottom as they are inshore
bottom dweller supporting the findings of
this study. Rhynchobatus australiae and

Maculabatis spp. hotspots were observed
nearshore and artificial reef. R. australiae
favours shallow warm coastal water, mud
bottom and coral reefs (Last et al., 2016;
Kyne et al., 2020: Then et al., 2025).
Maculabatis spp. also dwells at the sandy
and muddy bottom of shallow coastal
waters (Last et al., 2016; Shabani et al.,
2024).

Trawl net vessel that involved in this study
surprisingly have very little bycatch of
sharks and rays which contradict with
previous studies such as by Hilmi et al.
(2017); Arai and Azri (2019); and Yusof et
al. (2021) which all mentioned that trawlers
landed high volume of sharks and ray as
bycatch. The reason for the low numbers of
sharks and rays landed by trawl nets
probably due to the main target of the trawl
net are squids and operated along the
pipeline ridge in the Dungun Waters. The
trawling method during this period which
operated slightly midwater to avoid the
pipeline may contributed to the low number
of sharks and rays caught. Midwater
trawling has been known to be effective in
minimizing bycatch as suggested by Reed
et al. (2017) and Azeez et al. (2021).
Further study onboard trawl vessels should
be conducted in the future to further
understand the relationship between the
method of operation with the volume of
bycatch especially for sharks and rays.

The findings from this study suggested
that the hotspot of C. sorrah, C. punctatum,
C. hasseltii, R. australiae, and Maculabatis
spp. positively correlated with the
distribution of FADs and artificial reefs.
Most of the sharks and ray caught and their
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hotspot are in the vicinity of either FADs
and artificial reef. Interestingly, during this
study, a few egg cases of bamboo shark
(Chiloscyllium  spp.) were observed
attached to fish trap (Fig. 9). Usually,
bamboo shark deposited their egg cases on
the sea bed whether sheltered or deserted
and also attached it to bottom marine plants
with maximum 3 months incubation period
(Compagno, 2001; Lim et al., 2021).
Paxton et al. (2020) suggested that artificial
reef tends to aggregate large predator such
as sharks and ray but it is unknown whether
the sharks and ray simply aggregating or
spawning at the area. Additionally, Becker
et al. (2024) suggested that there was no
evidence of any shark become resident at
the artificial reef. Hence, further
observation should be conducted in the
future to confirm the residency of shark and
rays at the artificial reef.

T
AM GMT+08:00

48 SHU0AMGMT+08.00

QW - 484103271

Kuala Dungun

Figure 9: Bamboo shark (Chiloscyllium spp.) egg
case attached to a fish trap (circled).

The hotspot areas of Carcharhinus sorrah,
Chiloscyllium punctatum, Chiloscyllium
hasseltii, Rhynchobatus australiae and
Maculabatis spp. were inshore waters and
artificial reefs. Based on this finding, a few
management  measures  should be
considered such as size limits, closed
seasons, and also implementing hotspot
areas in marine spatial planning such as no
take zones or introduction of marine
protected area (Knip et al., 2012b;
Estradivari et al., 2022; Chin et al., 2023).
The findings of this study also may suggest
that Kuala Dungun waters is a potential
preliminary area of interest for Important
Sharks and Rays Area under category Cl
(Reproductive Areas) for bamboo sharks
and C2 (Feeding Areas) for spot-tail sharks
(Hyde et al., 2022; Boyd et al., 2025) but
more information are needed to confirm.

This study presenting interesting
findings related to the area of sharks and
rays’s aggregation on a specific area which
helps in formulation Marine Spatial
Planning as one of management measures
for shark and rays’ population.

Conclusion

This study successfully identifies the
hotspots for shark and ray species in Kuala
Dungun waters, with dominant species such
as Carcharhinus sorrah, Chiloscyllium
punctatum, Chiloscyllium hasseltii,
Rhynchobatus australiae, and Maculabatis
spp. concentrated in coastal areas and near
Fish Aggregating Devices (FADs) and
artificial reefs. Additionally, bamboo shark
egg cases were observed attached to fish
traps near FADs in the area. Given the high
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fishing pressure on shark and ray
populations, particularly along the east
coast of Peninsular Malaysia, there is an
urgent need for conservation management
measures. Habitat protection strategies
should be prioritized based on the findings
of this study. Since most sharks and rays
were caught in coastal regions, the data
gathered here provides essential insights for
the future development of Marine Spatial
Planning  initiatives. = The  positive
correlation between hotspot areas and the
location of FADs and artificial reefs
suggests that these structures can
effectively enhance shark and ray
populations. Consequently, incorporating
additional FADs and artificial reefs into
future fisheries management plans could
benefit not only sharks and rays but also
other commercially important species.
Future research should focus on expanding
the study area and including a broader
range of fishing vessels and gears to gain a
more comprehensive understanding of the
distribution and critical habitats of sharks
and rays.

Acknowledgements

This study project was funded by World
Wildlife Fund Malaysia (project budget
code MA02114A-918-INTL (WWF-CH)).
The authors, therefore acknowledge with
thanks WWF for the financial support and
we also thank Southeast Asia Fisheries
Development Centre, Malaysia for aiding
in sharks and ray identification during the
sampling period.

Conflicts of interest
The authors have no conflicts of interest to

disclose

References

Abdullah, M.M., Lua, W.Y., Tabaroni,
F.1., Bashir, Z., Ahmad, A. and
Bachok, Z.,2023. Stable isotopes (613C
AND §815N) analysis indicates resource
partitioning by elasmobranchs from the
tropical coastal waters of Kuala Pahang,
Malaysia. Journal of Sustainability
Science and Management, 18(2), 126—
136. DOI:10.46754/jssm.2023.02.010

Ali, A., Lim, A.P.K., Fahmi., Dharmadi.,
and Krajangdara, T., 2019.
Identification guide to sharks, rays and
skates of the Southeast Asia Region.
SEAFDEC/MFRMD, Malaysia 33 P.

Ali, A., Annie, L.P.K., Fahmi, Tassapon,
K. and Dharmadi., 2020. Identification
guide to sharks, rays, skates and
chimaeras of the South east Asia region
2. SEAFDEC/MFRMD,, Malaysia45 P.

Arai, T. and Azri, A., 2019. Diversity,
occurrence and conservation of sharks in
the southern South China Sea. PLoS
ONE, 14(3).
DOI:10.1371/journal.pone.0213864

Azeez, P.A., Rohit, P., Shenoy, L.,
Jaiswar, A.K., Raman, M., Koya,
K.M., Vase, V.K. and Damodaran, D.,
2021. Species composition and spatio-
temporal variation of bycatch from mid-
water trawlers operating in the Arabian
Sea along north-west coast of India.
Regional Studies in Marine Science, 43,
101692.
DOI:10.1016/j.rsma.2021.101692


https://doi.org/10.1371/journal.pone.0213864
https://doi.org/10.1016/j.rsma.2021.101692
http://jifro.ir/article-1-6384-en.html

564 Ahmad Shariki ef al., Hotspot analysis and spatial distribution of sharks ...

Becker, A., Butcher, P.A., Morris, S.,
Champion, C., Peddemors, V.M.,
Lowry, M.B. and Taylor, M.D., 2024.

Conservation Letters, 18(3), el3117.
DOI:10.1111/conl.13117
Braccini, J. and Waltrick, D., 2019.

[ Downloaded from jifro.ir on 2026-06-11 ]

Interactions between White Sharks
(Carcharodon carcharias) and artificial
reefs along the east-coast of Australia.
Fisheries Research, 273, 106961.
DOI:10.1016/j.fishres.2024.106961

Blaber, S.J.M., Dichmont, C.M., White,

W., Buckworth, R., Sadiyah, L.,
Iskandar, B., Nurhakim, S., Pillans,
R., Andamari, R., Dharmadi., and
Fahmi., 2009. FElasmobranchs in
southern Indonesian fisheries: The
fisheries, the status of the stocks and
management options. Reviews in Fish
Biology and Fisheries, 19(3), 367-391.
DOI:10.1007/s11160-009-9110-9

Booth, H., Chaya, F., Ng, S., Tan, V.,

Rao, M., Teepol, B., Matthews, E.,
Lim, A. and Gumal, M., 2021.
Elasmobranch fishing and trade in
Sarawak, Malaysia, with implications
for management. Aquatic Conservation:
Marine and Freshwater Ecosystems,
31(11), 3056-3071.
DOI:10.1002/aqc.3688

Bowser, J., Briggs, A.S., Thompson, P.,

McLean, M. and Bowen, A., 2023. A
Geospatial Approach to Improving Fish
Species Detection in Maumee Bay, Lake
Erie. Fishes, 8(1).
DOI:10.3390/fishes8010003

Boyd, C., Charles, R., Garcia-Rodriguez,

E., Gonzalez-Pestana, A., Kyne, P.M.,
Rohner, C.A., Notarbartolo, D.S.G.
and Jabado, R.W., 2025. Applying the
Key Biodiversity Area Standard to
Important Sites for Sharks.

Species-specific at-vessel mortality of
sharks and rays captured by demersal
longlines. Marine Policy, 99, 94-98.
DOI:10.1016/j.marpol.2018.10.033

Chin, A., Molloy, F.J., Cameron, D., Day,

J.C., Cramp, J., Gerhardt, K.L.,
Heupel, M.R., Read, M. and
Simpfendorfer, C.A., 2023. Conceptual
frameworks and key questions for
assessing the contribution of marine
protected areas to shark and ray

conservation. Conservation Biology,

37(1),e13917. DOI:10.1111/cobi. 13917

Compagno, L.J.V., 1990. Alternative life-

history styles of cartilaginous fishes in
time and space. Environmental Biology
of Fishes, 28(1), 33-75.
DOI:10.1007/978-94-009-2065-1 3

Compagno, L.J.V., 2001. Sharks of the

world. An annotated and illustrated
catalogue of shark species known to
date. Volume 2 Bullhead, mackerel and
carpet  sharks  (Heterodontiformes,
Lamniformes and Orectolobiformes)
FAO Species Catalogue for Fishery
Purposes. Rome. 269 P.

Dehghani, R., Valinassab,T., Kaymaram,

F., Shokri, M.R. and Tamadoni
Jahromi, S., 2024. Assemblage
structure of bottom associated fishes in
relation to environmental variables in
the northeastern Persian Gulf, Iran.
Iranian Journal of Fisheries Sciences,
23-30,
DOI:10.22092/1jfs.2024.350917.0


https://doi.org/10.1007/s11160-009-9110-9
https://doi.org/10.1002/aqc.3688
https://doi.org/10.3390/fishes8010003
https://doi.org/10.1111/conl.13117
https://doi.org/10.1016/j.marpol.2018.10.033
https://doi.org/10.1111/cobi.13917
https://doi.org/10.1007/978-94-009-2065-1_3
http://jifro.ir/article-1-6384-en.html

[ Downloaded from jifro.ir on 2026-06-11 ]

Iranian Journal of Fisheries Sciences 25(3) 2026 565

Department of Fisheries (DOF), 2023.

Perangkaan Perikanan Tahunan 2023.
Available at:
https://www.dof.gov.my/en/resources/fi

sheries-statistics-1 (accessed on 12 April
2024)

Department of Fisheries (DOF), 2024.

List of Acts Enforced by the Department
of Fisheries Malaysia. Available at:
https://www.dof.gov.my/en/services/enf
orcement-legislation/fisheries-acts-rules
(accessed on 12 December 2024)

Doherty, P.D., Bruyne D.G., Moundzoho,

B.D., Dilambaka, E., Okondza, G.N.,
Atsango, B.C., Ngouembe, A.,
Akendze, T.R., Parnell, R.J,,
Cournarie, M., Malonga, R,
Missamou, A., Godley, B.J. and
Metcalfe, K., 2023. Artisanal fisheries
catch highlights hotspot for threatened
sharks and rays in the Republic of the
Congo. Conservation Science and
Practice, 5(11), el3017.
DOI:10.1111/csp2.13017

Dulvy, N.K., Fowler, S.L., Musick, J.A.,

Cavanagh, R.D., Kyne, PM,,
Harrison, L.R., Carlson, JK.,,
Davidson, L.N., Fordham, S.V,,
Francis, M.P., Pollock, C.M,,
Simpfendorfer, C.A., Burgess, G.H.,
Carpenter, K.E., Compagno, L.J.,
Ebert, D.A., Gibson, C., Heupel, M.R.,
Livingstone, S.R., Sanciangco, J.C.,
Stevens, J.D., Valenti, S. and White.
W.T., 2014. Extinction risk and
conservation of the world’s sharks and
rays. eLife, 3, €00590.
DOI:10.7554/eLife.00590

Ebert, D.A., Dando, M. and Fowler, S.,

2021. Sharks of the World. 2™ edition.
Princeton University Press, Princeton,
New Jersey. 607 P.

Estradivari, A., Muh, F., Adhuri, D.S.,

Ferse, S.C.A., Sualia, 1., Andradi-
Brown, D.A., Campbell, S.J., Igbal,
M., Jonas, H.D., Lazuardi, M.E.,
Nanlohy, H., Pakiding, F., Pusparini,
N.K.S., Ramadhana, H.C., Ruchimat,
T., Santiadji, . W.V., Timisela, N.R.,
Veverka, L. and Ahmadia, G.N., 2022.
Marine conservation beyond MPAs:
Towards the recognition of other
effective  arca-based  conservation
measures (OECMs) in Indonesia.
Marine Policy, 137, 104939.
DOI:10.1016/j.marpol.2021.104939

Fahmi, Tibbetts, I.R., Bennett, M.B., Ali,

A., Krajangdara, T. and Dudgeon,
C.L., 2021. Population structure of the
brown-banded bamboo shark,
Chiloscyllium punctatum and its relation
to fisheries management in the Indo-
Malay region. Fisheries Research,
240(1), 105972.
DOI:10.1016/j.fishres.2021.105972

Getis, A. and Ord, J.K., 1992. The

analysis of spatial association by use of

distance statistics. Geographical
Analysis, 24, 189-206.
DOI:10.1111/j.1538 4632.

1992.tb00261. x

Giacomo, M., Germana, G., Samia, F.,

Okbi, R., Othman, J., Bachra, C.,
Luca, C., Angelo, B., Simona, G.,
Gualtiero, B., Roberta, M., Valentina,
L., Michele, G., Francescon, C. and
Fabio, F., 2018. Biomass HotSpot


https://doi.org/10.7554/eLife.00590s
https://doi.org/10.1016/j.marpol.2021.104939
https://doi.org/10.1016/j.fishres.2021.105972
http://jifro.ir/article-1-6384-en.html

[ Downloaded from jifro.ir on 2026-06-11 ]

566 Ahmad Shariki ef al., Hotspot analysis and spatial distribution of sharks ...

distribution = model and  spatial
interaction of two exploited species of
horse mackerel in the south-central
Mediterranean  Sea.  Hydrobiologia,
821(1), 135-150. DOI:10.1007/s10750-
017-3336-7

Hall, G.B. and Close, C.H., 2007. Local
knowledge assessment for a small-scale
fishery using geographic information
systems. Fisheries Research, 83(1), 11—
22. DOI:10.1016/j.fishres.2006.08.015

Haque, A.B., Cavanagh, R.D. and
Seddon, N., 2021. Evaluating artisanal
fishing of globally threatened sharks and
rays in the Bay of Bengal, Bangladesh.
PLoS ONE, 16(9).
DOI:10.1371/journal.pone.0256146

Hilmi, A.H.A.A., Ahmad, A. and
Lawrence, K.J.R.,, 2017. Data
Collection on Sharks and Rays by
Species in Malaysia (August 2015 - July
2016) (Terminal Report), Malaysia:
Jabatan Perikanan Malaysia

Hurley, 1., Wringe, B., Heyer, D.N.,
Shackell, N. and Lotze, H., 2019.
Spatiotemporal bycatch analysis of the
Atlantic halibut
hippoglossus) longline fishery survey

(Hippoglossus

indicates hotspots for species of
conservation concern. Conservation
Science and Practice, 1.
DOI:10.1002/csp2.3

Hutchings, J.A., Myers, R.A., Garcia,
V.B., Lucifora, L.O. and Kuparinen,
A., 2012. Life-history correlates of
extinction risk and recovery potential.
Ecological Applications, 22(4), 1061—
1067. DOI:10.1890/11-1313.1

Hyde, C.A., Notarbartolo, D.S.G.,
Sorrentino, L., Boyd, C., Finucci, B.,
Fowler, S.L., Kyne, P.M., Leurs, G.,
Simpfendorfer, C.A., Tetley, M.J.,
Womersley, F. and Jabado, R.W.,,
2022. Putting sharks on the map: A
global standard for improving shark
area-based conservation. Frontiers in
Marine Science, 9.
DOI:10.3389/fmars.2022.968853

Ishak, H., Sidek, L.M., Basri, H. and
Fukami, K., 2014. Hydrological
extreme flood event in Dungun River
Basin Region. 13" International
Conference on Urban Drainage,
Sarawak, Malaysia, 7-12 September
2014. pp 1-10.

Jalali, M.A., Ierodiaconou, D., Gorfine,
H., Monk, J. and Rattray, A., 2015.
Exploring Spatiotemporal Trends in
Commercial Fishing Effort of an
Abalone Fishing Zone: A GIS-Based
Hotspot Model. PLOS ONE, 10(5),
e0122995.
DOI:10.1371/journal.pone.0122995

Knip, D.M., Heupel, M.R. and
Simpfendorfer, C.A., 2012a. Habitat
use and spatial segregation of adult
spottail sharks Carcharhinus sorrah in
tropical nearshore waters. Journal of
Fish  Biology, 80(4), 767-784.
DOI:10.1111/1.1095-8649.2012.03223 x

Knip, D.M., Heupel, M.R. and

C.A., 2012b.

Evaluating marine protected areas for

Simpfendorfer,

the conservation of tropical coastal
sharks. Biological Conservation, 148(1),
200-209.
DOI:10.1016/j.biocon.2012.01.008


https://doi.org/10.1007/s10750-017-3336-7
https://doi.org/10.1007/s10750-017-3336-7
https://doi.org/10.1016/j.fishres.2006.08.015
https://doi.org/10.1371/journal.pone.0256146
https://doi.org/10.1890/11-1313.1
https://doi.org/10.1371/journal.pone.0122995
https://doi.org/10.1111/j.1095-8649.2012.03223.x
https://doi.org/10.1016/j.biocon.2012.01.008
http://jifro.ir/article-1-6384-en.html

[ Downloaded from jifro.ir on 2026-06-11 ]

Iranian Journal of Fisheries Sciences 25(3) 2026 567

Kyne, P.M., Jabado, R.W., Rigby, C.L.,
Dharmadi., Gore, M.A., Pollock,
C.M., Herman, K.B., Cheok, J., Ebert,
D.A., Simpfendorfer, C.A. and Dulvy,
N.K., 2020. The thin edge of the wedge:
Extremely high extinction risk in
wedgefishes and giant guitarfishes.
Aquatic Conservation: Marine and
Freshwater Ecosystems, 30(7), 1337—
1361. DOI:10.1002/aqc.3331

Last, P., Naylor, G., Séret, B., White, W.,
Carvalho, M.D. and Stehmann, M.,
2016. Rays of the World. Csiro
Publishing, Australia. 790 P

Lewison, R.L., Soykan, C.U. and
Franklin, J., 2009. Mapping the
bycatch seascape: Multispecies and
multi-scale spatial patterns of fisheries
bycatch. Ecological Applications, 19(4),
920-930. DOI:10.1890/08-0623.1

Lim, K.C., Then, A.Y.H., Wee, A.K.S.,
Sade, A., Rumpet, R. and Loh, K.H.,
2021. Brown banded bamboo shark
(Chiloscyllium punctatum) shows high
genetic diversity and differentiation in
Malaysian waters. Scientific Reports,
11(1), 1-15. DOI:10.1038/s41598-021-
94257-7

Loh, K.H., Lim, K.C., Then, A.Y.H.,
Adam, S., Leung, A.J.X., Hu, W,,
Bong, C.W., Wang, A., Sade, A.,
Musel, J. and Du, J., 2023. Advancing
DNA  Barcoding to  Elucidate
Elasmobranch Biodiversity in
Malaysian Waters. Animals, 13(6).
DOI:10.3390/ani13061002

Ma, W,, Liu, S., Li, K., Jian, S., Xue, C.,
Han, Q., Wei, J., Chen, S., Niu, Y., Cui,
Z., Sui, R., Tian, F. and Zhao, K.,

2025. Fish diversity and distribution in
the source region of the Yangtze River in
Qinghai Province. Biodiversity Science,
33(2). DOI:10.17520/biods.2024494

Magson, K., Monacella, E., Scott, C.,
Buffat, N., Arunrugstichai, S.,
Chuangcharoendee, M., Pierce, S.J.,
Holmberg, J. and Araujo, G., 2022.
Citizen science reveals the population
structure and seasonal presence of whale
sharks in the Gulf of Thailand. Journal
of Fish Biology, 101(3), 540-549.
DOI:10.1111/jfb.15121

Masstor, N.H., Samat, A., Nor, S.M. and
Md-Zain, B.M., 2014. Molecular
Phylogeny of the Bamboo Sharks
(Chiloscyllium spp.). BioMed Research
International, 1-9.
DOI:10.1155/2014/213896

McAllister, M., Fraser, S. and Henry,
L.A., 2024. Population ecology and
juvenile density hotspots of thornback
ray around the Shetland Islands,
Scotland. Journal of Fish Biology,
104(3), 576-5809.
DOI:10.1111/jb.15610

Mourato, B.L., Arfelli, C.A., Amorim,
A.F., Hazin, H.G., Carvalho, F.C. and
Hazin, F.H.V., 2011. Spatio-temporal
distribution and target species in a
longline fishery off the southeastern
coast of Brazil. Brazilian Journal of
Oceanography, 59, 185-194.

Ord, J.K. and Getis, A., 1995. Local
Spatial ~ Autocorrelation  Statistics:
Distributional Issues and an Application.
Geographical Analysis, 27, 286-306.
DOI:10.1111/.1538-
4632.1995.tb00912.x


https://doi.org/10.1002/aqc.3331
https://doi.org/10.1890/08-0623.1
https://doi.org/10.17520/biods.2024494
https://doi.org/10.1111/jfb.15121
https://doi.org/10.1155/2014/213896
http://jifro.ir/article-1-6384-en.html

[ Downloaded from jifro.ir on 2026-06-11 ]

568 Ahmad Shariki ef al., Hotspot analysis and spatial distribution of sharks ...

Oxoli, D., Zurbaran, M., Shaji, S. and
Muthusamy, A.K., 2016. Hotspot
Analysis: A First Prototype Python
Plugin Enabling Exploratory Spatial
Data Analysis Into QGIS. Open-Source
Geospatial Research & Education
Symposium  (OGRS2016).  PeerJ
Preprints.
DOI:10.7287/peerj.preprints.2204v4

Oxoli, D., Molinari, M. and Brovelli, M.,
2018. Hotspot Analysis, an open-source
GIS tool for exploratory spatial data
analysis: application to the study of soil
consumption in Italy. Rendiconti Online
della Societa Geologica Italiana. 46, 82-
87.DOI:10.3301/ROL.2018.56

Paxton, A.B., Newton, E.A., Adler, A.M.,
Hoeck, R.V.V,, Jr, E.S.IL., Taylor, J.C.,
Peterson, C.H. and Silliman, B.R.,
2020. Artificial habitats host elevated
densities of large reef-associated
predators. PLOS ONE, 15(9), €0237374.
DOI:10.1371/journal.pone.0237374

Reed, J., Kerwath, S. and Attwood, C.,
2017. Analysis of bycatch in the South
African midwater trawl fishery for horse
mackerel Trachurus capensis based on
observer data. African Journal of
Marine  Science, 39(3), 279-291.
DOI:10.2989/1814232X.2017.1366365

Samusamu, A.S., Sulaiman, P.S.,
Rachmawati, P.F., Oktaviani, D. and
Wiadnyana, N.N., 2021. Karakteristik
habitat ~ asuhan  dan  parameter
pertumbuhan ikan hiu di wilayah
pengelolaan perikanan nri 712 (laut
Jawa), Indonesia. Jurnal Penelitian
Perikanan Indonesia, 27(3), 129-144.
DOI:10.15578/jppi.27.3.2021.129-144

Sanusi, N.A., Ghazali, N.A., Alipiah,

R.M., Koris, R. and Zakariya, R.,
2024. Survey dataset on socioeconomic
status and artificial reef fishing activity
on Terengganu coastal water. Data in
Brief, 52, 110028.
DOI:10.1016/j.dib.2024.110028

Seah, Y.G., Kibat, C., Hew, S. and

Wainwright, B.J., 2022. DNA
barcoding of traded shark fins in
Peninsular Malaysia. Reviews in Fish
Biology and Fisheries, 32(3), 993-999.
DOI:10.1007/s11160-022-09713-y

Shabani, M., Nehemia, A., Malisa, A.L.,

2024. Population genetic status of
endangered  whitespotted ~ whipray
Maculabatis gerrardi (Gray, 1851) in
Tanzania. Western Indian Ocean Journal
of Marine Science, 23(1), 105-114
DOI:10.4314/wiojms.v23i1.10

Sharikin, A.S.A.A., Mohamad, A.,

Fadzli, M.H., Azimi, W.M.A.W.,
Adam, S., Nasir, A., Mat Piah,
R., 2025. Insights on Diversity and
Exploitation of Sharks and Rays in the
East Coast of Peninsular
Malaysia. Thalassas:An  International
Journal of Marine Sciences, 41, 150.
DOI:10.1007/s41208-025-00906-3

Simpfendorfer, C.A., Heupel, M.R.,

White, W.T. and Dulvy, N.K., 2011.
The importance of research and public
opinion to conservation management of
sharks and rays: A synthesis. Marine and
Freshwater Research, 62(6), 518-527.
DOI:10.1071/MF11086

Sobri, M.F., Jaaman, S.A., Mohamed, Z.,

Muda, A.M., Rashid, M.A.S.A. and
Zhang, X., 2022. Identifying the hotspot


https://doi.org/10.7287/peerj.preprints.2204v4
https://doi.org/10.2989/1814232X.2017.1366365
https://doi.org/10.15578/jppi.27.3.2021.129-144
https://doi.org/10.1016/j.dib.2024.110028
https://doi.org/10.1007/s11160-022-09713-y
https://doi.org/10.1007/s41208-025-00906-
http://jifro.ir/article-1-6384-en.html

Iranian Journal of Fisheries Sciences 25(3) 2026 569

[ Downloaded from jifro.ir on 2026-06-11 ]

area of Indo Pacific humpback (Sousa
chinensis) and Irrawaddy (Orcaella
brevirostris) dolphins in Matang waters,
Perak, Malaysia. Biodiversitas, 23,
6106-6113.

Stobutzki, 1.C., Miller, M.J., Heales, D.S.
and Brewer, D.T., 2002. Sustainability
of elasmobranchs caught as bycatch in a
tropical prawn (shrimp) trawl fishery.
Fishery Bulletin, 100, 800-821.

Sussman, A.L., Gardner, B., Adams,
E.M., Salas, L., Kenow, K.P.,
Luukkonen, D.R., Monfils, M.J.,
Mueller, W.P., Williams, K.A., Leduc-
Lapierre, M. and Zipkin, E.F., 2019. A
comparative analysis of common
methods to identify waterbird hotspots.
Methods in Ecology and Evolution,
10(9), 1454-1468. DOI:10.1111/2041-
210X.13209

Then, A.Y.H., Lim, K.C., Leung, A.J.X.,
Puebla, O., Helmkampf, M. and
Adam, S., 2025. Unwedging the
Secrets: Species and Genetic Diversity
of Wedgefishes (Rhinidae) in Malaysian
Waters. Aquatic Conservation: Marine
and Freshwater Ecosystems, 35(3),
€70095. DOI:10.1002/aqc.70095

Wilen, J.E., 2004. Spatial management of
fisheries. Marine Resource Economics
19, 7-19,

Yusof, H.N., Nor, R.M., Al, M.A., Ayob,
A., Noor, M.S., Zakaria, N.A. and
Muda, M.S., 2021. Species composition
of sharks and rays caught in the East
Coast of  Peninsular  Malaysia.
Malaysian Fisheries Journal, 20, 50-63


https://doi.org/10.1111/2041-210X.13209
https://doi.org/10.1111/2041-210X.13209
https://doi.org/10.1002/aqc.70095
http://jifro.ir/article-1-6384-en.html
http://www.tcpdf.org

