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ABSTRACT

This study reports on the abundance and distribution of seven fish species (Toxotes jaculatrix, Toxotes
chatareus, Thryssa dussumieri, Plotosus lineatus, Photopectoralis bindus, Arius sagor and Stolephorus
indicus) in relation to water physicochemical parameters (pH, dissolved oxygen, turbidity, salinity,
temperature, ammonia, nitrogen and phosphate) of Sungai Sepang Besar (SSB) estuary. Fishes were
sampled from April 2014 to February 2015 by utilizing gill nets of various mesh sizes (1.25, 2.25, 2.50,
2.75, 3, and 4.5 inches) and long lines at nine stations (S1-S9) divided into three reaches (lower, middle
and upper). Dissolved oxygen (DO), salinity, pH, and ammonia were significantly different from sampling
stations (p<0.05). Fish distribution in SSB was influenced by salinity, pH, DO, turbidity, phosphate,
ammonia, and nitrate. Fish distribution at the lower reaches was strongly influenced by DO, salinity,
turbidity, and pH; ammonia and phosphate at the upper reaches; and nitrate at the middle reaches. The
findings of this study will be helpful in the management of SSB and its estuary, as well as how land use
activities may impact its aquatic environment.

Keywords: Estuarine fish, fish ecology, mangrove, physio-chemical

INTRODUCTION

Malaysia is a mega-diverse country for its flora and fauna, with 2243 species of fish recorded from the
aquatic environment [1], of which 1636 are marine species, 413 freshwater species, 116 species are
migratory that move from marine to freshwater, while 78 species reside in both brackish and freshwater
environments. The sustainability of aquatic biota requires good water quality [1], while pollution threatens
organisms and their environment [2].
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Water chemistry, physical habitat, land use activities [3], food source, and nutrient availability [4]
affect the diversity and abundance of fish. Many marine and coastal fishes use estuaries for spawning and
growth during their early developmental stages [S5]. However, the spatial location of a river or a stream is
important for freshwater fish [6]. Past studies on Sungai Sepang Besar have been on heavy metals, fatty
alcohols in sediments, effluents of shrimp and animal farms, surface runoff, agriculture herbicides, sewage,
ecotourism, and power plant activities [7 - 10], while ecological studies were on fiddler crab distribution
[11] and fish length-weight relationship [12]. Noting the need for more information on the ecological
aspects of fish, this paper reports on the relationship of fish abundance and distribution in the SSB viz a viz
water physicochemical parameters.

EXPERIMENTAL

Site Description

This study was conducted in Sungai Sepang Besar (SSB), Selangor (N2°35'30", E101°43'1") on the west
coast of Peninsular Malaysia. SSB faces the Straits of Malacca and is lined by the Sepang Mangrove
Reserve. The river runs through the Sepang and Sungai Pelek towns before reaching the Straits of Malacca.

Sampling Procedure

Nine sampling stations (S1-S9) along the SSB were selected and divided into three reaches (lower, S1-S3;
middle, S4-S6; upper, S7-S9) (Figure 1). Fish samples were collected from April 2014 to February 2015
using gill nets (mesh sizes of 1.25, 1.5, 2.25, 2.50, 2.75, and 3.0 inches, with dimensions of 92 m X 2.6 m)
and long lines during both spring and neap tides. The nets and long lines were employed during the daytime
for 5 to 6 hours before hauling. Sampled fishes were identified by taxonomic keys [1, 13]. In-situ water
physicochemical parameters recorded included temperature (°C), pH, dissolved oxygen (DO) (mg/l),
turbidity (NTU), and salinity (parts per thousand - ppt) which were measured using a Multiparameter Water
Quality Hydrolab (Model Quanta). At the same time, ammonia, nitrate, and phosphate determination are
outlined in [14].

Data Analysis

Diversity was determined via the Shannon-Wiener Index (H’= -} pilnpi) [15], evenness via the Pielou’s
Index (J=H’/Hmax) [16], and richness via the Margalef’s Index [D=(S-1)/InN] [17]. Catch Per Unit Effort
(CPUE) is a development indicator of sustainable fisheries resource utilization and was calculated as
biomass [gill net = total weight fish (g)/net area (m*)/hour; longline= total weight fish (g) /hour] and density
[gill net = number of fish (no)/net area (m?)/hour; longlines = number of fish (no)/hour].

One-way ANOVA was used to test for significant differences in fish catch per unit effort (CPUE)
between fishing gears, sampling reaches, and sampling stations. Fish distribution in relation to
environmental variables (pH, salinity, dissolved oxygen, turbidity, ammonia, nitrate, and phosphate) was
analysed using canonical correspondence analysis (CCA) [18]. To reduce the effect of rare species and
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clutter, only seven abundant species (where n>30) were considered in the CCA and reported in this paper.
The CCA was performed via XLSTAT add-in for Microsoft Excel (Microsoft Corporation) [19].
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Figure 1: Map of the study area and location of each sampling station

RESULTS AND DISCUSSION

Fish Species Diversity and Abundance

A total of 832 fish from 32 families comprising 50 species were sampled from SSB. Toxofes jaculatrix
(n=288; 34.6%) was most abundant followed by Toxotes chatareus (n=186; 22.4%) (Toxotidae), Thryssa
dussumieri (n=48; 5.8%) (Engraulidae), Plotosus lineatus (n=40; 4.8%) (Plotosidae), Photopectoralis
bindus (n=38; 4.6%) (Leiognathidae), Arius sagor (n=37; 4.5%) (Ariidae) and Stolephorus indicus (n=30;
3.7%) (Engraulidae), while other fish species collectively recorded low abundance (< 3%). The complete
list of the fish species from SSB is reported in [14]. Toxotes jaculatrix was abundant at the lower reaches,
A. sagor at the middle, and P. bindus at the upper reaches. The Shannon-Weiner (H’) was 2.37, Evennes
(J) was 0.21, and Margalef’s (D) was 7.29. The middle reaches recorded higher values for H' (2.92), J (0.6),
and D (5.96) as compared to other reaches.
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The number of fish sampled in the SSB ranged from 161 to 538 individuals, with the highest
abundance recorded at the lower reaches (518), followed by the upper reaches (161), and the lowest at the
middle reaches (153). The lower and upper reaches recorded similar fish species richness (27 species),
while the middle reaches recorded 30 species. The lower reaches recorded the highest fish biomass (5.90
+31.10 g/m*/hr) and density (0.08 £ 0.40 no/m?/hr) from gillnets while fish biomass (208.10 £ 216.90 g/hr)
and density (0.48 = 0.41 no/hr) from longlines was highest at the middle reaches (Table 1). Station 1
recorded the highest biomass (16.00 + 54.00 g/m*/hr) and highest fish density from gillnets (0.21 = 0.69
no/m*/hr) and lowest biomass (6.93 £ 15.50 g/hr) and fish density (0.04 + 0.09 no/hr) from longlines while
station 4 recorded highest biomass (277 £ 352.00 g/hr) and density (0.52 £+ 0.57 no/hr) for longlines (Table
2). The density and biomass were not significantly different between sampling reaches (p<0.05) and
sampling stations (p>0.05) for both gillnets and longlines.

The Shannon-Weiner (H’=2.37), Eveness (J=0.21), and Margalef’s (D=7.29) from the present
study recorded lower values as compared to other estuaries in Peninsular Malaysia (Table 3). The lower J
was related to the large number of 7. jaculatrix and T. chatareus sampled. Diversity measures the
relationship between the number of species and their numbers [20], and dominance by a few species tends
to suppress the index. A lower D value reflects low species richness [21] (as with SSB) than other estuaries.
Differences in fish diversity and species richness between the present and other studies in Peninsular
Malaysia may be attributed to differences in habitat characteristics, season, tidal phase (spring/neap &
flood/ebb), day-night patterns, gear type used and sampling intensity [22, 23].

Table 1: CPUE (biomass and density) of sampling gears at each sampling reach of Sungai Sepang Besar

CPUE Mean Biomass (g/m?/hr) Mean Density (no/m”/hr)

Gear LR MR UR Total LR MR UR Total

Type Biomass Density

GN 5.900 + 0.752 £ 0.643 £ 2.430+ 0.084 + 0.018 0.020 0.041 £
31.130 1.079 0.994 17.990 0.400 0.027 0.036 0.232

CPUE Mean Biomass (g/hr) Mean Density (no/hr)

Gear LR MR UR Total LR MR UR Total

Type Biomass Density

LL 231+ 208.10+ 167.70+  126.1+ 0.01 + 0.48 + 037+ 0.29 4 0.46
8.95¢ 216.90°  311.80 2324 0.05° 0.41> 0.59*" ' '

Note: UR, Upper Reaches; MR, Middle Reaches; UR, Upper Reaches; GN, Gillnets; LL, longlines; *p<0.05
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Table 2: CPUE of sampling gears (gillnets and longlines) at each sampling station of Sungai Sepang Besar

Sampling Sampling GN Mean Biomass GN Mean Density LL Mean LL Mean
reaches Stations (g/m*/hr) (no/m’/hr) Biomass (g/hr)  Density (no/hr)
Lower S1 16.00 + 54 0.21 £0.69 6.93 £15.50 0.04 £0.09
reaches S2 121+1.62 0.02 £ 0.03 0.00 0.00

S3 0.48 +£1.01 0.01 +£0.03 0.00 0.00
Middle S4 0.71 +£0.67 0.02+0.03 277 £352.00 0.52+0.57
reaches S5 1.26 + 1.58 0.03 +0.04 185+ 141.60  0.48:+0.40

S6 0.28+0.42 0.00+0.01 161 +105.90 0.45+0.33
Upper S7 0.25+0.35 0.01 +£0.02 217 £458.00 0.36 +0.69
reaches S8 0.82 + 1.03 0.02+0.03 149£211.80  0.40:+0.53

S9 0.86+1.31 0.03 +£0.05 137 +284.00 0.37+0.69

Note: S, Station; GN, Gillnets; LL, longlines; hr, hour

Table 3: Comparison of Diversity Indices from Estuaries in Peninsular Malaysia

Location Species Richness H J D Source
Present study 50 2.37 0.21 7.29

Klang, Selangor 119 2.59 0.55 11.82 [24]

Sg Dinding, Perak 49 2.87 0.74 - [25]
Sg. Pulai, Johor 105 2.86 0.63 14.09 [26]
Sg. Johor, Johor 130 3.50 0.72 15.59 [26]
Pahang Estuary 24 2.09 - - [27]
Matang, Perak 89 3.66 0.81 7.58 [28]

Spatial Variation of Physicochemical Parameters

The physicochemical parameters of SSB are given in Table 4. The temperature did not vary between
sampling stations, while pH ranged from 6.60 (S9 — upper reaches) to 8.45 (S1 — lower reaches) and was
significantly different between sampling stations (p<0.05). Salinity ranged from 25.8 ppt at S8 (upper
reaches) to 29.04 ppt at S1 (lower reaches) and was significantly different between sampling stations
(p<0.05). The decrease in salinity from the lower reaches at S1 towards the upper reaches at S9 was due to
greater freshwater mixing due to river flow at the latter. DO ranged from 2.89 mg/L at S7 (upper reaches))
to 4.05 mg/L at S3 (lower reaches) and was significantly different between sampling stations (p<0.05).
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Turbidity ranged from 44.9 NTU at S3 (lower reaches) to 76.3 NTU at S4 (middle reaches) and
was not significantly different between sampling stations (p>0.05). Ammonia ranged from 0.12 mg/L at S2
& S4 (lower & middle reaches, respectively) to 0.45 mg/L at S9 (upper reaches) and was significantly
different between sampling stations (p<0.05). Nitrate ranged from 1.9 mg/L at S6 (middle reaches) to 3.18
mg/L at S9 (upper reaches) but was not significantly different between sampling stations (p<0.05).
Phosphate ranged from 0.22 mg/L at S2 (lower reaches) to 0.32 mg/L at S8 & S9 (upper reaches) and was
significantly different between sampling stations (p>0.05).

Table 4: Water Physicochemical Parameters and Nutrient Levels of Sampling Stations of Sungai Sepang Besar.

Stations Temp DO pH Salinity Turbidity  Nitrate Phosphate Ammonia
(°C) (mg/L) (ppt) (NTU) (mg/L) (mg/L) (mg/L)

1 29.6 £ 3.63+ 845+  29.04+ 58.73 £ 231+ 026+ 0.17 +
0.95 1.15 0.72 3.28 58.26 1.30 0.18 0.24

2 29.68 + 3.99+ 817+ 2797+ 67.6 218+ 022+ 0.12+
0.89 0.75 0.64 4.00 80.10 1.28 0.17 0.11

3 29.65 + 4.05 + 776+ 2771+ 4491 + 246+ 023+ 0.18+
0.96 0.66 0.75 4.25 46.07 1.72 0.19 0.28

4 29.76 + 3.13+ 7.10+  26.78 76.3 + 3.02+ 023+ 0.12+
0.93 0.95 0.41 431 107.6 2.67 0.20 0.15

5 29.63 + 343+ 7.05+ 26.82+ 70.2 + 251+ 023+ 0.20+
1.56 1.14 0.37 3.82 126 1.34 0.15 0.18

6 29.83 + 336+ 696+  25.63+ 703 + 1.9+ 0.28 + 0.16 £
0.89 1.37 0.40 5.02 115.3 0.54 0.20 0.15

7 29.72 + 2.89 + 677+  26.06+ 47.02+ 242+ 026+ 0.28 +
0.76 1.12 0.31 3.92 38.43 1.16 0.20 0.20

8 29.63 + 3.10+ 670+  25.81+ 67.1 251+ 032+ 0.36+
0.86 1.22 0.41 4.27 118.20 0.93 0.24 0.32

9 29.66 + 2.98 + 6.60+ 2584+ 52.68 £ 318 032+ 0.45+
0.78 1.22 0.41 4.26 31.11 1.64 0.16 0.53

Overall 29.68 + 340+ 729+  26.85+ 61.66 250+ 026+ 0.23+

Mean 0.97 1.15 0.82 4.26 87.44 1.51 0.19 0.28

Fish Distribution in Relation to Water Physicochemical Parameters

Among the physicochemical parameters, pH, salinity, turbidity, and DO contributed most to the distribution
of Toxotes jaculatrix and T. chatareus at S1 and S2 (river mouth - lower reaches) (Figure 2). Thryssa
dussumieri, A. sagor, and S. indicus distribution were correlated with higher nitrate concentrations at S3,
S4, S6 (middle reaches) & S7 (upper reaches). Plotosus lineatus and P. bindus distribution was correlated
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with higher phosphate and ammonia concentrations at S8 & S9 (upper reaches). The CCA indicated that
the physicochemical parameters significantly affected the distribution patterns of the abundant fishes in
SSB, albeit with differences in correlation strength.

The effect of water physicochemical parameters on fish assemblage and distribution within
estuarine and coastal waters is known [27, 29, 30, 31, 32], and this was also shown for SSB. Toxotes
Jjaculatrix and T. chatareus were mostly sampled from the lower reaches (S1 & S2) as reflected by the
density and biomass where DO, turbidity, salinity, and pH were higher. Fish abundance varies with salinity
fluctuations [33], and higher salinity at river mouths leads to the migration of Toxofes spp. into estuarine
waters as a strategy for predator avoidance and food [34], reproduction [35], and survival of fish larvae and
juveniles [36]. pH can be a major determinant of fish distribution and abundance because species vary
widely in their tolerance to acidity [37, 38], and high values result in osmoregulation, respiration, and blood
acid-base balance problems [39]. Water turbidity is important as it protects juvenile fish from predators [32,
31], reduces visibility in the water column, and minimizes the visual perception among predatory fish [40].
P. lineatus and P. bindus were associated with higher phosphate and ammonia concentrations but with
lower DO, pH, salinity, and turbidity in the upper reaches of SSB (S8 & S9). At the same time, 7.
dussumieri, A. sagor, and S. indicus were mainly sampled in higher nitrogen levels (S3, S4, S6 & S7). The
influence of nitrate, phosphate, and ammonia was less critical on fish distribution based on the length of
the vectors of the CCA.

Nitrate input into the SSB may result from human activities along the river. The Sungai Pelek town,
situated at the upper reaches and farming along SSB, is a vital nutrient input source. The runoff from land-
based activities that flows into aquatic environments adds significant organic material and nutrients to
enrich these environments [41] besides domestic input. A positive correlation has been shown to affect P.
lineatus abundance and nitrate in seagrass beds at Ban Pak Klong, Thailand [42], while [43] stated that the
Ohta River, Japan received a discharge from farmland and forest, which was enriched with large amounts
of nutrients such as particulate nitrogen and phosphorus. The presence of marine fishes such as P. bindus,
P. lineatus, and T. dussumieri, S. indicus, and A. sagor in the middle and upper reaches of SSB where the
salinity is lower was perhaps related to the fishes utilising these areas as nursery and feeding grounds. Fish
dependence on habitats or specific habitat regions is species-specific and site-specific [44 - 47], which may
also be related to their life history characteristics.

Most fish species sampled in SSB are commonly found in rivers, estuaries, and coastal waters in
Peninsular Malaysia [1]. Some fishes sampled are commercially important, such as A. sagor, S. indicus, T.
dussumieri, and P. lineatus [48]. Some fish species sampled from the SSB are euryhaline [27] and were
recorded from all sampling stations [14].
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Figure 2: CCA ordination plots for the first two dimensions of CCA of the relationship between the fish species with
water physicochemical parameters. Note: DO, dissolved oxygen; SAL, salinity; TURB, turbidity; NIT, nitrate; PHOS,
phosphate; AMM, ammonia; Tjac, Toxotes jaculatrix, Tcha, Toxotes chatareus; Plin, Plotosus lineatus; Pbin,
Photopectoralis bindus; Tdus, Thryssa dussumieri; Asag, Arius sagor; Sind, Stolephorus indicus. Numbers (1-9)
represent sampling stations. Red lines depict physicochemical parameters, while coloured shapes depict sampling
stations and fish species; Squares, species; circles, sampling stations.

Science Letters Vol. 17(2) JUNE 2023



CIENCE

LETTERS
; ISSN: 1675-7785
https://scilett-fsg.uitm.edu.my/ eISSN: 2682-8626
Vol. 17(2) JUNE 2023 Copyright© 2023 UiTM Press.
DOI:

CONCLUSION

Fish distribution in SSB was influenced by salinity, pH, DO, turbidity, phosphate, ammonia, and nitrate.
Fish distribution at the lower reaches was strongly influenced by DO, salinity, turbidity, and pH; ammonia
and phosphate at the upper reaches; and nitrate at the middle reaches. The physicochemical parameters of
SSB affected not only the distribution but also the abundance of its fish community. However, further
studies on the effects of tides, day-night, and season are required to comprehend the temporal and spatial
fish assemblage of SSB fully. The findings of this study will be helpful in the management of SSB and its
estuary, as well as how land use activities may impact its aquatic environment.
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