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Abstract: This study examines the temporal pattern of the population structure and
community of fish along the coastline of Universiti Malaysia Sabah (UMS), Kota Kinabalu,
Sabah. This area is known to have a productive seabed ecosystem to support fisheries,
however fishes-related literature is limited and often focusing on specific species rather
than communities. The present study fills this gap by providing crucial data on temporal
pattern of community species, morphometric size, assemblages and population dynamics
of fish caught in fishing net. Findings reveal 61 fish species across 27 families dominated
by ponyfish of Leiognathidae including Eubleekeria jonesi, Nuchequula flavaxilla,
Photopectoralis bindus and Gazza minuta. The diversity index is significantly (p < 0.05)
high in December (H = 2.79) than other months with high contributions of ponyfish
species. The smallest size in terms of standard length (SL) and weight (kg) is the species
from the Engraulidae family with SL of 7.77 + 1.46 cm and weigh at 0.007 + 0.004 kg, in
contrast Trichiuridae species is the largest in size with SL of 78.83 + 25.62 cm and weigh
at 0.285 + 0.095 kg. There are at least two major recruitment peaks annually that linked
to the monsoonal season, however natural mortality could cause the loss of nearly 20%
populations during early stage while catches and fishing mortality increases drastically
as fish grow larger. Fish assemblage and abundance are influenced by water parameters,
where Eubleekeria jonesi, Nuchequula nuchalis, and Scomberoides tol correlates with high
pH, dissolved oxygen, and salinity, while Gazza minuta, and Nuchequula flavaxilla with
high temperature and turbidity. Continued efforts to monitor fish populations along coastal
waters are essential to assess the impacts of human activities while future studies should
consider effective fishing gear to optimise catch.
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Introduction

Coastal waters are areas of the ocean located vital for various industries, particularly fisheries

close to the coast with relatively shallow in depth
extending from the high tide mark to deeper
waters (Dipper, 2021) where relationships
between biological, physical, and chemical
elements further define this habitat (Mclusky,
2012). These waters are highly productive, rich
in biodiversity, making it significantly important
ecologically and economically. Ecologically,
coastal waters support a vast array of marine
life, including fish, invertebrates, seaweed,
seagrass bed, and many more, contributes to the
productivity of the ocean ecosystem in whole
(Mann, 1982). Economically, these waters are

and tourism. Fisheries industries depend on
the rich biodiversity as well as productivity of
its coastal waters to maintain fish populations.
Sustainably, this supporting the livelihoods of
millions of people around the world, including
Sabah waters which are well known for fisheries
industry in Malaysia (Teh, 2016).

Interestingly, Sabah has the longest
coastline in Malaysia, which further enhances
the value and role of coastal waters for fishing
activities, this in turn contribute to the socio-
economic well-being of the local population
(Selamat, 2017) as well as national economy
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(Teh, 2016). Unfortunately, coastal waters are
prone to destructive human activities, such as
unregulated fishing activities and uncontrolled
infrastructure developments, leading to the
overexploitation of marine resources, disrupting
populations dynamics and the balance of
marine food web (Council, 1999). Destructive
human activities affect everything from fish
species ranges to coral growth rates, sculpting
the distribution and behaviour of marine life
(Mclusky, 2012). To date, such destructive
human activities are often reported in Sabah
waters involving the major coastal towns in the
west and east coasts of the state.

A deeper understanding of biology and
ecology of fish communities along coastal waters
is essential for effective conservation measures.
For example, studies on fish populations ecology
in coastal waters are crucial to understand
the spatial and temporal shifts in population
dynamics as well as environmental factors that
may influence it (Council, 2006). Indeed, such
information is needed for effective conservation
strategies in coastal waters that are constantly
threatened by human activities (Vasilijevic,
2015). Coastal communities in Sabah are highly
dependent on fishing for their livelihoods, and
any disruption to fisheries stocks can have a
lasting impact on their socio-economy (Teh,
2016). With a clear understanding of linkage
between fish ecology and fishing activities,
effective mitigation measures for sustainable
fishing practices can be implemented to balance
economic needs with ecological preservation
(Korres, 2017).

This study investigated the temporal patterns
of selected ecological fishery parameters of fish
communities found along the coastal waters of
Universiti Malaysia Sabah (UMS). It determines
the temporal pattern of species occurrence,
morphometric size, assemblages and population
dynamics of fish caught in fishing net. The
studied coastal waters areas are located within
the busiest shipping route and other activities,
that are expected to influence marine life, such
as fish population structure. This study aspires
to contribute valuable insights of coastal fishery
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resources and enrich understanding of the
complex interplay between fish community and
their surroundings in tropical ecosystem.

Materials and Methods
Study Area

The study was conducted along the coastal water
areas of UMS [6.039022N,116.110481E]. These
waters are important for various human activities
including being a major shipping route centered
in Sepanggar Bay, tourism and fishing as well
as various beach activities in its surroundings
(Figure 1). The water depth at nearshore area
where sampling was conducted is less than 10
m and the sea bottom habitat consists of several
types including sandy, rock, coral reefs, seagrass
beds, and seaweed patches (Murshidi, 2018). It
is important to note that the seabed ecosystems
often mix, forming complex and interconnected
habitats.

Field Sampling and Methods

A total of six fishing nets were placed randomly
along the UMS coast in the subtidal zone near the
shore. Each fishing net has a length of 15 m and
a height of 1.5 m with a 4.45 cm mesh size (i.e.
1 inch 3 quarters). This net is commonly used by
fishermen to catch pelagic fish in rocky seabed
areas. The total length of the net used is 90 m
arranged lengthwise and were deployed for an
average of 60 minutes. Sampling was conducted
for 12 months starting from November 2021
until October 2022. Sampling was usually
carried out in the morning to avoid unsuitable
weather conditions in the afternoon or evening.
The fish samples obtained were taken to the
laboratory for further analysis.

Environmental  parameters such as
temperature, salinity, pH, and dissolved
oxygen (DO) were measured using a YSI-
multiparameter while turbidity was measured
with a turbidity meter. Water parameters were
taken at the depth of 1 m below water surface,
and recorded monthly during fish sampling.
However, results are not fully reported here.
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Figure 1: Geographical location of the sampling site at UMS coastal area. The nets are installed randomly
near the shore considering the suitability of the seabed topography to prevent nets entanglement

Laboratory Treatments and Analysis

In the laboratory, fish samples were identified
to the lowest taxa possible (i.e. species), and
enumerated for species abundance as well as
morphometric measurements namely weight
(kg), and standard length (SL). Detailed records
including, categorising fish individuals by
month, and species were created as raw data in
an excel file. In addition, the total number of
individuals, the total number of individuals per
species, and the total number of species found
were also determined.

Computation and Statistical Analysis
The CPUE and WPUE was estimated as follow:
Catch per unit effort (No. ind./h),

CPUE = No. of fish

No. of nets X Surface area of net X Time Imins)

The weight per unit effort (kg/h),

WPUE = Total weight

No. of nets X Surface area of net X Time Imins)

where

Number of fishing nets = 6 units

Surface area of fishing nets =15 m X 1.5 m
Fishing time = 60 minutes (1 hour)

The Shannon-Weiner diversity index (H) was
computed based on Shannon, (1984);
Pi=7
H; = =X(p)(Inp;)
where
H = diversity index
p, = proportion of individuals in the ith species
n,= number of individuals of species i
N = total number of individuals

The log transformation [logl0(x+1)] was
applied to the computed raw data of abundance
(CPUE), Shannon-Weiner diversity index
and environmental parameters to address the
non-normality and to stabilise variance. The
Shapiro-Wilk test results indicated normality
and homogeneity of data and thus permitted
further statistical analysis. One-Way ANOVA
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analysis was used to investigate the effects of
month (Nov-21, Dec-21, ... and Oct-22) on
the dependent variables namely the CPUE,
environmental parameters, ecological indices,
and morphological size of fish. To further
determine the significant level of differences
identified by the ANOVA, the post-hoc
comparisons using Tukey’s Honestly Significant
Difference (HSD) test was performed. This test
assesses specific differences between months,
providing a more nuanced understanding of
the data. The significance level was set at p <
0.05. All statistical analysis for ANOVA were
performed in RStudio, a statistical computing
and graphics software, downloaded from Posit
website.

The hierarchical clustering analysis
was conducted to illustrate the assemblage
of fish species based on the similarity of the
distribution pattern in their abundance over
the 12 months sampling [i.e., (Nov-21, Dec-
21, ... and Oct-22)]. The selection of species
for analysis was based on the total abundance
of the most contributing individuals as well
as the frequency of occurrence. The degree of
similarity was set at 20% and the step-by-step
procedure for the analysis followed the methods
provided in Aghababyan (2016). The analysis
was performed in RStudio.

The Canonical Correspondence Analysis
(CCA) is used to explore the relationships
between the monthly abundance (Nov-21, Dec-
21, ... and Oct-22), and water parameters such
as temperature, salinity, pH, dissolved oxygen,
and turbidity. The dataset was imported into
PAST 4.03 and the step-by-step procedure for
the analysis are based on Hammer (2020).

The FiSAT II was used to analyse the
recruitment, mortality and growth parameters
of Eubleekeria jonesi, Atule mate, Netuma
thalassina, and Trichiurus lepturus. These
species were selected based on their relatively
high abundance with more frequent monthly
catches. Electronic Length Frequency Analysis
(ELEFAN 1) was performed by employing
a length frequency interval of 2 mm. The
asymptotic length (Loo) and growth coefficient
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(K) for each species were estimated. The
Growth Performance Index (GPI) was then
calculated using the equation GPI = log(K) +
2 * log(Loo). The von Bertalanffy growth curve
and the length frequency distribution graph were
plotted for the species. The natural mortality was
calculated using Pauly’s M empirical equation
log(M) = -0.0066 — 0.279 log(Lx) + 0.6543
log(K) + 0.4634 log(T) where Loo = data of
asymptotic length, K = growth coefficient, and T
is the average temperature (i.e., 30.06°C) (Pauly,
1983). Total mortality (Z) was derived as Z=M
+ F, where Z represents the combined effects of
natural mortality (M) and fishing mortality (F).
The exploitation rate (E) was estimated using
the equation E = F/Z. The recruitment pattern
was then analysed where the Loo and K were
inputted into the software (Gayanilo, 2005). The
length-structured Virtual Population Analysis
(VPA) was conducted by inputting the Lo, K,
M, and F to estimate population abundance,
fishing mortality, survivors, natural losses, and
catches.

Results
List of Species and Ecological Indices

A total of 61 species of fish from 27 families
were recorded (Table 1). The families
Carangidae and Leiognathidae each have the
highest number of species (i.e., 10) and make up
33% of the total fish species found. The families
with the fewest number of representative species

were Apogonidae, Lactariidae, Lutjanidae,
Oostraciidae, Paralichthyidae, Pempheridae,
Platycephalidae, Sciaenidae, Sphyraenidae,

Terapontidae, Tetraodontidae, and Trichiuridae,
with only one species each. The family with the
highest total catch is Leiognathidae with 220
individuals, followed by Carangidae (72), and
Gerreidae (37) while Apogonidae, Lutjanidae,
Paralichthyidae, Platycephalidae, Terapontidae,
and Tetraodontidae, each of with only one
individual. The average of 14 different fish
species were recorded every month, with the
highest in December 2021 (25), January 2022
(22), and February 2022 (20) while the lowest
was in June 2022 (8) and September 2022 (9).
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Species that are frequently encountered includes
Eubleekeria  jonesi, Secutor megalolepis,
Photopectoralis bindus, Nuchequula flavaxilla
of Leiognathidae, Netuma thalassina (Ariidae),
Caranx ignobilis and Scomberoides tala of
Carangidae as well as Gerres subfasciastus
(Gerreidae). These species were recorded for at
least more than five different sampling months,
and present in either small or large numbers.

The Shannon-Weiner diversity index
was significantly (p < 0.05) high in December
2021 (2.79) and was lowest in September 2022
(1.81) [Figure 2 (a)]. The diversity index was
significantly (p < 0.05) higher from December
2021 until February 2022 (2.62 + 0.18), the
highest diversity average for three months,
compared to May 2022 until July 2022 (2.08
+ 0.19) with the lowest diversity average for
consecutive three months.

The Catch Per Unit Effort (CPUE) was
highest during March 2022 with 13 ind./h, and
the lowest was during July 2022, September
2022, and October 2022 with 4 ind./h (Figure
2b). The CPUE was significantly (p < 0.05)
higher from February 2022 until April 2022
(9.67 + 2.36 ind./h). It recorded the highest
average CPUE for three months, compared to
August 2022 until October 2022 (4.33 + 0.47
ind./h), the lowest average CPUE for three
months.

The Weight Per Unit Effort (WPUE) was
the highest during May 2022, with 0.48 kg/h,
and the lowest was during June 2022, July
2022, August 2022, and October 2022 with 0.18
kg/h [Figure 2 (c)]. There was a significant (p
< 0.05) difference between the highest average
WPUE for three months from November 2021
until January 2022 with 0.36 + 0.05 kg/h and the
lowest average WPUE for three months from
June 2022 until August 2022 with 0.18 + 0 kg/h.

The most contributing species in term of
total catch is E. jonesi, a species from the family
Leiognathidae with 81 individuals contributing
16.01% of the total fish abundance (Table 2).
This is followed by Gazza minuta, another
species from the family Leiognathidae with 31

Table 1: List of fish found in the UMS coastline showing the months (i.e., during month of 11 and 12 in year 2021, and from month of 1 to 10 in year 2022)

in which the species were caught, their total abundance (CPUE), standard length (cm) and weight (kg)

Abundance

Montbh (s)
(11-12 2021,

Standard Length

(CPUE per Weight (kg)

Common Name

Species

Family

hour fishing) (em)

1-10 2022)

0.044+0

11.3+0

Cardinalfish

Ostorhinchus griffini

Apogonidae
Ariidae

0.337+0
0.064 = 0.005
0.068 £0.017
0.052+0.012
0.041 +0.02

0.061 +0.01

29+0
14.68+0.73
13.5+1.3

Sagor Catfish
Giant Catfish

Hexanematichthys sagor

14

2,3,5,6,7,8,10

Netuma thalassina

Yellow-tail fusilier

Cuaesio teres

Caesionidae

14.1+£1.07

Shrimp Scad

Alepes djedaba

Carangidae

13+£2.8
15+1.26

8.13+0.31
122 +1.03

3,8
11,12,7,9, 10

Blackfin Scad

Alepes melanoptera
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19

Yellowtail scad

Atule mate

0.018 £0.001
0.05+0.01

12,2,3
11,2,4,5,7, 10

Bumpnose Trevally

Carangoides hedlandensis

546

9

Giant Trevally

Caranx ignobilis




547

POPULATION OF FISH IN UNIVERSITI MALAYSIA SABAH

07200 0701 1 3 1oddeug jods-omy, smippn3iq snuvfing sepruefin
100°0 F¥10°0 1T0FCL 01 g ﬁ@oﬁ ”.M G ysgyAuod oreos3rg s1dajojp3aut 401228
200°0 F800°0 YrOFCLY Y4 689°cTCl ysyAuod ugasueIQ snpuiq siv.10302dojoyq
€000 F810°0 0 F86°L al 712111 ysyAuod adewodg sypyonu vinnbayonn
2000 ¥ 120°0 vEOFET'6 K4 pETTTIIL ysyhuod panodsmofox vl pixvavyf vjnnbayony
200°0 ¥ 820°0 970 F €6'6 61 ve 1T ysyAuog surds3uo] studsi3uoy snypuzoro T
0FCI00 0FV¥L [ 6 ysyAuod pnnba snypudo1d
€000 ¥ 8200 6C0FS6 1€ 8°0 % ‘¢ Auodyyoo], eInulU DZZhL)
¥00°0 F810°0 9L'0OFE1'8 8 b nmmmﬂﬂ,mmwm T1 ysyAuod seuof 1s2u0[ D112Y22]qN5T
2000 F+¥20°0 Z1I'0F96 91 0T ‘6°LSYy ysyAuod asoudng AOIDIPISUI WNJUIUIXIAD(T
000 F 110°0 1FTL C 8L ysyAuod poding vv1o8nf vinnbadingy aepryyeugoro
¥00°0 F 1¥0°0 SSOFLIIL 91 01°8°L9Y Aqreaai], osieg SNLADIOD] SNIADIODT JepILIe)OR]
0F 1200 0FO0Il 1 1 9sSeIM Ula[qqng SUDDS2ABIU S2420YDNDE]
£00°0 F950°0 9°0F8¢°CI 8 Sl ASSBIA\ U310 sn.423do.o]yd sa.120yd1DE]
0F800 0F6'¢l I I 9SSBIM [eIO[4 SnANOLO]Y2 SNUIjIY7) 9epLIqeT]
9000 F +¥0°0 80FCLIL 0¢ 01 ¢ T1CL 11 [orOY AJ[OQIOAJIS SISDIDSDIGNS Sa.LIDD
§00°0 F €200 CSOFELS L [ AJ[9QIoA[IS 110y SHANOAYIAAD S2449D) deplaLRn
0F 1000 0FI'S 1 11 Aaoyouy uerpuy snotpui sn.ioydajorg
100°0 F 10°0 0F6 z 771 KAOUOUY LIQ],  1UUOSL2WUI0D SN10Yda]0)S oeprneisug
0FL00°0 0FIL I M4t aurpres DILIQUILY D]]OUIPADS
0F 1100 0FS6 1 8 auipIes anjg 42)503012] L2)SV3A]qUIY 9epIIRWOos0Io
800°0 F S90°0 I CTF G891 6 €T 1T ysgyusong) [0} $ap1o4aquioog
€00 F L8OO SO T FL981 L 01 °L9%CI 11 ysgueanQ) pareg D]p] §2p1042qUIOOS
€000 ¥890°0 €0°0 F €81 14 sTe ysyuaang) unsdj sap10.42quiods
100°0 F910°0 SO'0FSS'L ¢ 89 jwod yoerg 231U SNIIDULOAISDAD ]
L000 FL90°0 SYOFLEVI L 71T A[reasi], ugong sn3dduwjous xup.av)

Journal of Sustainability Science and Management Volume 20 Number 3, March 2025: 542-560



548

Amir Syazwan Shawel et al.

$60°0 F S8C0 C9STFE8BL 9 6°SYT ysgaredg snanda] snaniyoL] SEPLINIYOLL],
0F9€00 0FEC8 I 1 Joyng panodsyIA voond sdojuopouojay’) SEepIUOPOENI],
0F 2700 0FCI I 9 uodea] paurno snipauijrLipvnb sagpja g sepnuoders],
180°0 F LST'0 8T'LFLT % 81 U0IAYD) avwwund vua.idydg oepruoeiAydg
0FLETO 0F €¢I I € Uspqqey feqajqnodg SHIDZ.A14 SHUD SIS
900°0 F L¥0°0 Po0F v Tl 61 11 ysyiqqey panods-amym SnppnoIpUD SHUPSIS aepruesig
0F.90°0 0F ¥ €l I I Jodnoin uy3uo] snuvAfonb snjaydourdsy
0FS500 0FSTI I I puly 21e[050Yy7H ypudoq stjoydoppydar) 9BpIUBLISS
L60°0 F91°0 69'LF LT S 68 [IoRIA ystuedS  UOS.LUIUIOD SNAOULOIDQUIOIS
LTO'0F LLOO CTIFTI1 € s‘ca [S193OBIN PUB[ST tuySnof 13110450y
800°0 ¥ 6500 LSOF VLY 0l 6°8 [9193[9BIN MOYS DULOSAYID1q 4251]]24)SDY SEPLIqUIOOS
€100 F90°0 SLOFSLYI 4 0l ‘L 193BOID) I9IP[OS opopjos baqIN SBPIULLIOS
0F8CI0 0FS'LI ! Cl ystpolied palieq-onig unqqoys sn.ivsg
€00 F LET'O STIFeEL9I S Sl Ustpolred po[qrejN SISUDISIDA SNADISOIdoT 9EpLIEDS
2000 F9£0°0 80 FSL'6 ¥ 1 £103910) UI9ISOMN snydaaqo s21sv32)§
L00'0 F S€0°0 I0TF9L'6 €2 szt 10310 [1B1I0SSIog snpp1ospfas fpfopnqy
900°0 ¥ 6500 co0FI0I 4 (44! JuoBreag [eSuog sisua[p3uaq fnpfopnqy depLHuUIBWO]
0FL01°0 0F9°CC I I peaue] uerpuy snoput snpydodavld aeprjeydookied
S00°0 F5€0°0 LSOFYTII (44 I Todoomg jodsyoerg sisua|pno stioyduad aeproydudg
0F 100 0FS6 I I Iopunof, j000edd SN34D SNQUIOY.LOPNDST seprAyydIfEIEd
€000 F 9100 COFT6 [4 (A4 Usgxog asouroys SHSDU UOIID.USOYIULYY SBpIIORASO
wearg
0F290°0 0F8TI I Cl S[POUOIN poMel-meg DyIf12 s15d0j02g
0F€91°0 0FSLI I ¢ wearg [O0UON PI[pLg suyffp sisdojoag
800°0 F8+0°0 SSOFSSTI [4 €11 wearg uypedry ], Asoy snso2.nf sn.ippdiuaN epLdioN
S00°0 F8€0°0 80FSII [4 [ANd ysyyeon) padinsmorox snppjpia snouady)
SO0F0ET0 SOFSII C (A4 YsgieonH Uerpu] snoipul snauadn.ndg SBPIMA

Journal of Sustainability Science and Management Volume 20 Number 3, March 2025: 542-560



POPULATION OF FISH IN UNIVERSITI MALAYSIA SABAH 549

(a) Shannon-Weiner Diversity Index

279
27
237 24
226 23
213
207 211
192
. I 184 1.81
5 I l

(b) Catch Per Unit Effort (abundance)

Shannon-Weiner Diversity Index (Hi)
PR NN N NN
~N o - w w ~ w

=

13

13
10
8 8 8
7 7
7 6
5
ih.n..
3 I BN I .

(c) Weight Per Unit Effort
018 0.18 018 0.18

0.42 0.42
0.36
0.3
I 0.24
. . -

m21-Nov m21-Dec m22-Jan m22-Feb m22-Mar m 22-Apr

[
[y

©

CPUE (ind./h)

v

0.5

o o 9
S »
> G

S w
w

0.24

WPUE (kg/h)

=)
S N
Nooa

0.15

m22-May m22-Jun m22-Jul m22-Aug m22-Sep M 22-Oct

Figure 2: Temporal pattern of Shannon-Weiner Diversity Index (a), CPUE (abundance) (b), and weight
(c) of fish found in the UMS coastline

Table 2: The most contributing species in term of total catch, and percentage of total contributions
as well as cumulative

Family Species Total Catch Percentage (%) Cum. (%)
Leiognathidae Eubleekeria jonesi 81 16.01 16.01
Leiognathidae Gazza minuta 31 6.13 22.14
Gerreidae Gerres subfasciastus 30 5.93 28.07
Leiognathidae Photopectoralis bindus 25 4.94 33.01
Pomacentridae Abudefduf sexfasciatus 23 4.55 37.56
Pempheridae Pempheris oualensis 22 4.36 41.92
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individuals making up for 6.13% of the total
abundance. Other families such as Gerreidae,
Pomacentridae, Pempheridae, Carangidae and
Siganidae also with relatively high abundance.

Morphometric Size and Temporal Variations

The smallest fish in term of SL size is Stolephorus
indicus,an anchovy from the family Engraulidae,
with only 5.1 + 0 cm (Table 1). Meanwhile, the
largest was 7. lepturus, a cutlassfish from the
family Trichiuridae, with a SL of 78.83 + 25.62
cm. In term of size by family group, Engraulidae
is the smallest with 7.77 + 1.46 cm in SL while
the largest was among Trichiuridae with 78.83
+25.62 cm.

As expected, the smallest fish in term of
weight is S. indicus, an anchovy of only 0.001
+ 0 kg while Hexanematichthys sagor, a catfish
of Ariidae is the largest with 0.337 + 0 kg (Table
1). In term of family group, Engraulidae is the

(a) Standard length of fish by family group

120
°
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smallest with an average weight of 0.007 +
0.004 kg while the largest is Trichiuridae, with
an average of 0.285 + 0.095 kg.

The temporal pattern of fish size (i.e., SL
and weight) shows notable fluctuations over
time among Trichiuridae which can reach 113.5
cm in length during February and May 2022
[Figure 3 (a)]. The highest weight within this
family group also recorded during February
and May 2022 with 0.367 kg [Figure 3 (b)]. For
most other fish species, the size is much smaller
(i.e., < 40 cm) compared to Trichiuridae. For
example, the highest SL for Sphyraenidae and
Scombridae are 31 cm and 24.1 cm, respectively,
with the former recorded in January and the
latter in March 2022. Both of these families can
reach highest weights of approximately 0.199
kg and 0.157 kg for Sphyraenidae and Scaridea,
respectively while most other families weigh
less than 0.10 kg.

~— 100
=
=
< 80
2 °
)
3 60
el
-
S 40
§ [
A 20 ° : . °
0
0 : ' . . ® ' ® ' ° '
Nov 21 Dec 21 Jan 22 Feb22 Mar22 Apr22 May22 Jun22 Jul22 Aug22 Sep22 Oct22
Month-Year
(b) Weight of fish by family group
0.4
035 . .
.
PR 0.3
Doas
=
.?P 02 L4 )i
3]
= 0.15 ° ° °
0.1 e ° ®
[ ] [ ] Py
005 ¢ $ § 8 ° $ 0 $ H $
I | e [ ] L4 ] ° ' °
Nov 21 Dec21  Jan 22 Feb22 Mar22 Apr22 May22 Jun22 Jul22 Aug22 Sep22 Oct22
Month-Year
@ Apogonidae ©® Ariidae @ Caesioni C: @D i E @Gerreidae
@Labridae @Lactariidae ®Leciognathidae @ Lutjanidae @Mullidae ©Nemipteridae ©Ostraciidae
Paralichthyidae Pempheridae @®Platycephalidae  ®Pomacentridae ~ @Scaridae @Sciaenidae @ Scombridae
igani Teraponti T i ® Trichiuridae

Figure 3: Monthly variations of standard length (a) and weight (b) of fish community by family group
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Temporal Pattern of Growth, Recruitment, and
Virtual Population

The von Bertalanffy growth curve, and length
frequency distribution graphs were plotted for
the most abundance species namely E. jonesi,
A. mate, N. thalassina, and T. lepturus. The
growth performance index GPI (Q) for E. jonesi
is 3.87, with estimated maximum length of 9.98
cm (Table 3). The maximum length reached
in November and December 2021 as well as
in February and March 2022 [Figure 4 (a)].
For 4. mate, the GPI is 2.05 with an estimated
maximum length of 19.43 cm (Table 3), mostly
in April 2022 [Figure 4 (b)]. The GPI for N.

1o (8) Eubleekeria jonesi

thalassina is 3.8 with an estimated maximum
length of 16.2 cm (Table 3) also in April 2022
[Figure 4 (c)], while T. lepturus have a GPI of
4.1 and an estimated maximum length of 116.55
cm (Table 3) in February and May 2022 ([Figure
4 (d)].

The recruitment rates of E. jonesi over one
year period is less than 15%. The highest is in
April with 13.72% and gradually decreased
thereafter with only slight increase in October
[Figure 5 (a)]. 4. mate has a peak recruitment
in March and April, reaching nearly 20%. The
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(d) Trichiurus lepturus

552

Length (cm)

Figure 4: Length frequency distribution with growth curve output from FiSAT II of four most abundance
species namely Eubleekeria jonesi (a), Atule mate (b), Netuma thalassina (c), and Trichiurus lepturus (d).
Growth parameters are shown in Table 3

Table 3: Growth parameters of the four most dominant species. Loo: asymptotic length; K: growth coefficient
and GPI (@): Growth Performance Index. The month in which maximum length reached for each species are

shown in Figure 3

Species Loo (cm) K GPI(9)
Eubleekeria jonesi 9.98 0.75 3.87
Atule mate 19.43 0.3 2.05
Netuma thalassina 16.2 0.24 3.8
Trichiurus lepturus 116.55 0.92 4.1

number decreases significantly to less than
5% in July, however increases to nearly 15%
in October [Figure 5 (b)]. Both N. thalassina
and 7. lepturus has relatively high recruitment
rates over one year period reaching nearly
30% (February) and 40% (May), respectively,
compared to less than 20% for both E. jonesi
and 4. mate.

For most species, the number of surviving
fish decreases exponentially with increasing
group length. Both E. jonesi [Figure 6 (a)] and
T. lepturus [Figure 6 (d)] experience mortality
from catches and fishing as they grow larger. For
example, E. jonesi experienced mortality due to
fishing starting at the size of 6 cm (60 mm) and
increasing drastically at the size group of 8.5
cm (85 mm) with F = 1.7. On the other hand, 7.
lepturus experience high fishing mortality at the
group size of 103 cm with F = 0.6. Interestingly,
both 4. mate [Figure 6 (b)] and N. thalassina
[Figure 6 (c)] have almost no mortality of
catches whereas fishing mortality was minimal
(F=0.1) at their largest length group.

Species Assemblage in Relation to Water
Parameters

Based on cluster analysis of species that
contribute to 90% of the total abundance, they
can be classified into six groups with 20%
similarity (Figure 7). Two horsefish species
(Deveximentum insidiator and E. jonesi) and
yellowtail (4. mate) are in their own cluster,
namely group A, B and C, respectively. Group
D comprised of ponyfishes, such as G. minuta,
Leiognathus  longispinis, and Nuchequula
flavaxilla. Group E is the largest cluster with
a total 13 species comprises of ponyfishes
(Leiognathus  equula  and  Nuchequula
nuchalis), damselfishes (Abudefduf bengalensis,
Abudefduf  sexfasciatus, and  Segastes
obreptus), rabbitfishes (Siganus canaliculatus
and Siganus virgatus), blackfin scad (Alepes
melanoptera), trevallies (Caranx hedlandensis
and  Caranx  melampygus),  queenfishes
(Scombroides lysan and Scombroides tol)
and sagor catfish (Hexanematichthys sagor).
Group F consist of eight species including
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(d) over the one year period
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ponyfishes (Photopectoralis bindus and Secutor
megalolepis), barred queenfish (Scombroides
tala), black pomfret (Parastromateus niger),
ribbonfish (7. lepturus), giant trevally (Caranx
ignobilis), giant catfish (N. thalassina) and
shrimp scad (Alepes djedaba).

The fish community can be divided into
two groups based on their affinity with water
parameters and the sampling month. Group 1
(i.e., circle on the left) includes Eubleekeria
jonesi (ejon), Nuchequula nuchalis (nnuc),
Scomberoides tol (stol) and others are mostly
found during Nov-21, Dec-21, Jan-22, and Feb-
22 (Figure 8). This group are strongly correlated
with pH, dissolved oxygen, and salinity. On
the other hand, Group 2 (circle on the right)
are include Gazza minuta (gmin), Nuchequula
flavaxilla (nfla) and other are mostly found
during Mar-22, Apr-22, Jun-22, Aug-22, Sep-22
and with a strong correlation with temperature
and turbidity. The number of species and their
abundance is relatively high in group 1 with 24
species compare with only 12 species in group
2. There are at least eight species of fish to occur
randomly without clear correlations with water
parameters and sampling months.
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Discussion

A total of 61 fish species were identified in the
UMS coastal areas, which is nearly two times
higher than the 36 species recorded in Marudu
Bay by Khatib (2015) and comparable to the 66
species found in Darvel Bay by Farhana-Azmi
et al. (2022). It is also comparable to the 70
species reported in one of the highest diversity
locations in Sabah, Sarawak, and Brunei waters
reported in Vidthayanon (1998). The relatively
high species count in the UMS coastline
compared to Marudu Bay (e.g., Khatib, 2015)
can be attributed to the diverse marine habitats
including coral reefs, seagrass and rocky seabed
of its subtidal zones, unlike the estuarine
environment of Marudu Bay. Despite having
slightly fewer species number than Darvel Bay,
the UMS coastline exhibited a higher average
Shannon-Weiner diversity index (2.23) than in
Darvel Bay (2.05).

Two of the most abundance families in the
present study are Leiognathidae (ponyfishes)
and Carangidae (scads, queenfish, trevallies,
and pomfrets). Ponyfishes are typically
considered bycatch due to their limited edible
flesh and high bone count (Hendrayana, 2020).
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Figure 7: Cluster analysis of 27 species accounted for

90% of the total abundance. Each species in the similar

group (i.e., red boxes A, B, C, D and F) are with 20% similarity in terms of their monthly abundance pattern
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Figure 8: CCA ordination of species contributed 90% of total abundance in relation to sampling month and
water parameters, such as disolved oxygen, pH, temperature, turbidity, and salinity. Group 1 is on the left
while Group 2 is on the right (circled). The species abbreviations is shown in the table

In contrast, Carangids are highly valued as a
food source, ranking fourth among the most
important pelagic fish resources (Kasim, 2003).
The abundance of these families is likely due to
the complex habitats of the UMS coastline that
may provide food and protection from predators
during their juvenile stages (Charbonnel, 2002).
This habitat complexity may explain the lower
species count in Marudu Bay, which lacks
coral reefs, compared to the UMS coastline and
Darvel Bay, which have coral reefs (Khatib,
2015; Farhana-Azmi, 2022). Notably, Marudu
Bay also had Leiognathidac and Carangidae
as the most abundant families. In contrast,

Darvel Bay had no Leiognathidae species and
only one Carangidae species, indicating these
families are not dependent on coral reefs.
Leiognathidae are opportunistic omnivores
feeding on fish, invertebrates, and algae,
contributing to their high diversity (10 species)
and abundance (43.48%) in the study area. In
contrast, Carangidae primarily feed on smaller
fish, resulting in their 10 species and 14.22%
abundance.

The study showed an interesting trend of the
length and weight of fishes, it steadily increases
until the appearance of large predatory families,
such as Trichiuridae, Sphyraenidae, and Ariidae,
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likely causes the average length and weight of
other fish group to be significantly lower than
the month before. The largest fish species are
of the family Trichiuridae namely 7. lepturus,
commonly known as the ribbonfish and is a
commercially valuable fish species that can be
found worldwide, usually on continental shelves
and slopes (Ahangar, 2009). Ribbonfish exhibit
diurnal migration, feeding on smaller fish at
night and returning to deeper waters during the
day (Rao, 1977; Kudale, 2023). Note that the
ribbonfish observed in the present study were
likely sexually mature, as their average length
(78.83 cm) exceeded the estimated maturity
length for females of 70.9 cm (Taghavimotlagh,
2021).

Several studies have reported that larger
predatory fishes have size preferences for prey,
which often indirectly controls the average size
of fish in an ecosystem (Martins, 2005; Colloca,
2009; Li, 2013). The presence of these predators
as fish reach a certain size could be influenced
by the substrate composition of the study area.
Smaller fish use coral reefs for protection,
hiding in crevices and caves that larger predators
cannot access (Johansson, 2012). As fish grow
larger, they lose these hiding spots, increasing
their vulnerability to predation.

The growth coefficient (K) for E. jonesi,
A. mate, N. thalassina, and T. lepturus differed
from other studies. Specifically, 4. mate and
N. thalassina had lower growth coefficients
compared to findings by Azim et al. (2017)
for Marudu Bay (K = 1.5 for 4. mate) and
Wahyuono et al. (1985) for Sampit Bay,
Kalimantan (K = 0.267 for N. thalassina) where
the present study reported K = 0.3 for A. mate
and K = 0.24 for N. thalassina. The opposite
is true for 7. lepturus, where the present study
had higher growth coefficient with K = 0.92
compared to a study done in the peninsular west
coast of Malaysia, with K = 0.850 (Ahmad,
2003). Meanwhile, the growth coefficient for A4.
mate was significantly lower compared to other
studies, and the GPI (@) was relatively similar
to Marudu Bay (Azim, 2017). The GPI (9) of
both N. thalassina (@ = 3.8) and T. lepturus (O
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= 4.1) was higher as compared to other studies,
for example, Wahyuono et al. (1985) recorded
© = 2.87 for N. thalassina in Sampit Bay,
Kalimantan and Ahmad et al. (2003) recorded @
=3.97 in peninsular Malaysia. The exploitation
rate of fish in the present study is also low,
indicating the under-exploitation of these three
species. In contrast, the exploitation rate for
E. jonesi (0.45) was closer to the optimum
exploitation rate (0.5). This suggests that fishing
methods may be less effective, especially in
areas with rocky seabed or coral reefs where the
efficiency of using fishing nets may be limited.
However, further studies should focus on the
reasoning behind the under exploitation of these
fish species, since A. mate and T. lepturus are
highly valuable economically.

Fish recruitment in the UMS coastline
followed patterns similar to those in other regions.
A. mate exhibited two major recruitment peaks
annually, consistent with studies in Marudu Bay
and Kerala, India (Reuben, 1992; Azim, 2017).
Similarly, 7. lepturus exhibits a recruitment
pattern akin to a study conducted on the Veraval
coast (Avinash, 2014). In this similar tropical
area, the peak recruitment period occurred from
May to July, closely resembling the findings of
our current study. Environmental factors such as
temperature, pH, salinity, and DO significantly
influence fish spawning (de Vlaming, 1972;
Omori, 1978). This suggests that species prefer
recruitment periods with low temperature and
turbidity and high salinity, pH, and DO levels.

Mortality rates for E. jonesi, A. mate,
N. thalassina, and T. lepturus decreased as
the fish grew larger and older, with juveniles
more susceptible to predation (Frenette, 1984;
Kingsford, 1994; Hulsmann, 2002). Notably,
A. mate and N. thalassina, which experienced
almost no fishing mortality, had higher natural
mortality rates in smaller class sizes compared to
E. jonesi and T. lepturus. This higher mortality
rate may be linked to their slower growth
rates, as A. mate and N. thalassina had growth
coefficients of K=0.3 and K =0.24, respectively,
versus K =0.75 and K=0.92 for E. jonesi and T.
lepturus. Slower growth rates result in prolonged
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periods in smaller, more vulnerable size classes,
increasing predation risk. Conversely, species
with higher growth rates, such as E. jonesi and
T lepturus, showed higher fishing mortality,
with E. jonesi fishing mortality peaking at the
85 mm class size and 7. lepturus at 103 cm, thus,
the relationship between growth coefficients and
fishing mortality warrants further investigation.

The UMS coastline exhibited a diverse fish
community, with Leiognathidae and Carangidae
being the most abundant families. This finding
aligns with Khatib et al. (2014) study in Marudu
Bay, who reported similar species counts for
these families. Leiognathidae were present in all
six cluster or groups identified in the study, while
Carangidae were found in three different cluster.
This shows that even though fish are in the same
family, the distribution pattern of abundance
are different. The cause of the separate species
clusters of the same fish family group is not
clearly understood, however different timing
of peak recruitment times, diet and specific
habitats may influence species clusters of fish
community.

The fish species in the present study formed
two main assemblages based on correlation with
environmental factors and seasonal changes
monthly. These assemblages showed temporal
division: Group 1 (Nov-21 to Feb-22) was highly
correlated with pH, DO, and salinity, favourable
for groups C, E, and F. Meanwhile, Group
2 (Mar-22 to Sep-22) had higher correlation
temperatures and turbidity. As mentioned before,
May to September is the southwest monsoon,
and November to March is the Northeast
monsoon for Malaysia, leading to the change in
temperature of marine environments throughout
the year (Suhaila, 2010).

Conclusions

The total number of fish species found along
the UMS coastline is comparable to the
number reported from other studies indicate
that the coastal waters support large species
diversity. The fish community is dominated by
pony fishes (E. jonesi, G. minuta) and other
commercially important species such as scads

(4. mate), queenfish (S. tol), and cutlassfish (T.
lepturus). The growth rates of small-sized fish
such as A. mate and N. thalassina in the present
study are relatively low compared to the rates
reported from other studies. However, this is
much higher for large-sized species such as 7.
lepturus and T. lepturus compared to the rates
reported from other study in Malaysia and
Indonesia. Interactions among fish communities,
particularly effect of predation, are apparent, and
likely to influence species recruitment patterns.
For example, the occurrence of larger predatory
fish such as cuttlefish causes the abundance of
small-sized fish such as ponyfishes to decrease
significantly in the following months. Continued
efforts to monitor fish populations along coastal
waters are essential to assess the impacts of
human activities and ensure the resilience of
marine ecosystems to the critical impacts of
climate change. Future studies should consider
the use of more effective fishing gear with
nighttime sampling as to maximize fishing effort
in fish population studies.
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