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Abstract

Freshwater fishes in Malaysia are relatively diverse with species of primary freshwater fishes. The total
species richness of freshwater fishes of Malaysia remains unknown, this is due to many inland water bodies
that have not been sampled. This study was conducted to ascertain the abundance of the freshwater fish
at selected lakes in Maran, Pahang. The aim of this study to determine freshwater fish diversity and the
relationship with water characteristics. All captured fish were measured, weighed and identified. Sample of
water were collected from each lake. Water was analysed for pH, temperature, turbidity, total dissolved
solids, dissolved oxygen and biological oxygen demand. A total of 107 individuals of fish compromising 8
species and 7 families were recorded. Trichopodus trichopterus was the most abundant species with total
of 44 individuals which belonging to Order Anabantiformes and the least species with total of one individual
captured which belonging to Order Cypriniformes, which is Puntigrus partipentazona. The highest diversity
of fish was recorded at Lake 3 with Shannon Wiener Diversity Index H’= 1.428 and the lowest was at Lake
1 with H’=0.968. The highest evenness index of fish species was detected at Lake 3 with Pielou’s Evenness
J’=0.797 and the lowest was at Lake 1 with J'’= 0.698. Meanwhile, the most diverse species was found at
Lake 3. Canonical Correspondence Analysis (CCA) ordination diagram of fish communities and selected
water properties showed that Notopterus notopterus, Pristolepis fasciata and Puntigrus partipentazona were
associated with the environment variables such as total dissolved solids (TDS) and turbidity while
Oreochromis mossambicus and Oxyeleotris marmorata were not associated with any of the variables.and
water salinity.

Keywords: freshwater, fish, lake, Jengka

Introduction

Malaysia is acknowledged to be one of the huge diverse countries that have various ecosystems
and habitats which suitable for living organisms, including fish. The huge diversity of rainforests
also promotes a huge diversity of flora and fauna. Fish constitute more than half of living
vertebrates. The number of species of flora and fauna in Malaysia is not precisely known. The
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best estimation is that there are more than 170,000 species in Malaysia with 470 total species of
freshwater fish (Kaviarasu et al., 2012). Nevertheless, numerous species have yet to be identified
and investigated.

There are five major fish habitats which are freshwater fish, marine fish, tropical fish, cold
water fish and aquarium fish. The fishes that originate in inland streams, rivers, lakes and regions
of weak brackish water are known as freshwater fishes (Keat-Chuan et al., 2017). A diverse array
of fish species inhabits approximately 549,500 km2 of water bodies in Malaysia (Ahmad et al.,
2018). Many freshwaters have not been sampled and explored, and thus the total number of
species richness of freshwater fishes in Peninsular Malaysia remains mysterious. The study of
fish diversity in certain places is crucial. This is for understanding the complexity of the ecosystem
structure and providing updated information on each species in the ecosystem.

The most freshwater fish communities in the lakes in Malaysia are unknown in terms of
their species. Due to scarce records, there is inadequate data on the fish fauna concerning their
diversity, abundance, and distribution. Unfortunately, freshwater fish biogeography and the
identification of fish species are not active fields of study in Malaysia as they are considered
fundamental research with no economic returns. The habitats of freshwater fish also involve the
peak percentage of endangered fish species. The reason for this threat to Malaysian freshwater
fishes is due to the degradation of the habitat affected by human disturbance (Mohd Izam et al.,
2021).

This can be supported by Hazri and Noor (2024), stated rapid industrialization,
urbanization, and agricultural runoff have contributed to habitat degradation and water pollution,
exacerbating stressors on marine ecosystems. that freshwater fish are facing threats due to
human activities such as overfishing and pollution. As noted by Chong et al. (2010), it is estimated
that 76% species were threatened mainly by habitat degradation, loss and modification.

Water quality may also affect the fish distribution where some fish act as biomonitoring,
where it is the science of gathering the ecological state of rivers, lakes, streams, and wetlands by
examining the creatures that living there. If their environment is polluted or disrupted, thus it will
affect their ecology. Thus, this study aims to determine the species of freshwater fish found in
selected lakes in Jengka and to determine the relationship between species distribution and water
characteristics by using Canonical Corresponding Analysis (CCA).

Materials and Methods
Study area

Maran district is in Pahang state, Malaysia. Uniquely, it is in the centre of Pahang. This district is
surrounded by Kuantan, Pekan, Rompin, Bera and Jerantut districts clockwise. Three potential
areas in Maran are chosen as areas of study, which is in Jengka. Figure 3.1 shows the map of
Pahang state and Maran district. The first lake (L1) of the study site will be at coordinate of
3°44°24 1"N °33’27.9"E, the second lake (L2) is located at coordinate of 3°44°25.8"N
102°33°20.3"E and the third lake (L3) is at 3°46°14.8"N 102°32’°33.0"E (Figure 1). All these lakes
are nameless since the lakes lack of recognition and accessibility. This is common for many small
lakes and minor lakes in remote areas.
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Figure 1. Location of the lakes studied (Blue dot)
Fish sampling

This study used two types of sampling material, which is fishing rod and gill net with a mesh size
between 4 to 7.5 centimetres. The gill net traps were set up randomly at each station at 1830
hours and will be collected in the next day morning (Alias et al., 2018). To catch fish samples near
the middle of the lake, fishing rod will be used. The study duration is 30 days. The samples of the
fish that were being caught using these two methods stored in plastic box containers filled with
water to prolong their live. All the fish samples specimens were calculated and measured
(standard length, total length and weight) at the laboratory in UiTM Jengka. Figure 2 shows the
measurement of fish total length.
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Figure 2. Total length of fish that should be measured (Bornancin, 1984)
Fish identification

The process and method for fish identification conducted using the preserved samples and
pictures taken. This analysis was conducted to separate the different type of fish into their genus,
species and family. Fish identification requires information such as fin, colour, mouth, eye, lateral
line, gill cover and pelvic fin (Hasyimah et al., 2013). Length and weight of the fish was also
measured such as total length (TL), head length (HL), pectoral fin length (PL) dorsal fin length
(LD), anal fin length (LA), caudal fin length (LC) and diameter (D). Expertise on taxonomy and fish
identification contributes for identification process.

Measurement of Fish Diversity

The analysis focuses on the measurement of fish diversity which includes Shannon Wiener
diversity index, Pielou’s evenness index, Species richness, Simpson’s Index and Jaccard’s
Coefficient. Then focused on water analysis and fish and water relationship.

Shannon Wiener Diversity Index

Shannon-Weiner Index (H’) (1) was used to determine the diversity of fish species based on
number of species and the number of individuals in each species:
H' = —piloglog, pi Q)

Pielou Evenness Index

It refers to how close in numbers each species in an environment is. Mathematically it is defined
as a diversity index (2), a measure of biodiversity which quantifies how equal the community is
numerically:

2)
— H,
" Hmax
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Species Richness

It is the number of different species represented in an ecological community, landscape or region
as follow (3):

-1
,_ (=D
log, N

3)
Simpson’s Index (D)
It is used to determine and evaluate the probability that two individuals randomly chosen from a

sample which belongs to dissimilar species. This index is often used to quantify the biodiversity of
a habitat. The bigger the value of D, the lower the diversity of species.

(4)
D= Y pi?

Jaccard’s Coefficient
This index is used to determine and compare species similarity and diversity of sample sets. It is
defined as the size of the intersection divided by the size of the union of the sample sets:
S = number in both sets / the number in either set x 100, or, (5)
Jaccard Index = (the number in both sets) / (the number in either set) x 100
Margalef’s Index

Margalef ‘s Index (R) which is used to determine the species richness index. The formula is;

(6)

Where,

S = number of species recorded
n = number of individuals in a sample

Sorensen Similarity Index (ISS)

ISS a statistic used to gauge the similarity of two samples. A very simple index, similar to Jaccard's
index. It gives greater "weight" to species common to the quadrats than to those found in only one
gquadrat. Uses presence/absence data:

SS=2a/(2a+b+c) (7

where
SS = Sgrensen similarity coefficient,
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a = number of species common to both quadrats,
b = number of species unique to the first quadrat, and ¢ = number of species unique to the
second quadrat

Water Sampling

Water samples from each lakes were taken randomly to determine few selected properties such
as pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), turbidity, total dissolved solids
(TDS) and temperature that might affecting the abundance of the freshwater fish species.

Analysis

The other measurable factors such as water parameters concentration also can give the impact
of the species richness and distribution of fish. Water of the lakes will take randomly as water
samples to be analysed, as to measure the level of water quality. The water pH, salinity and
temperature analysis will be carried out using pH meter (Hasyimah et al., 2013).

This analysis will be analysed directly from the collected sample. Total dissolved solids,
and dissolved oxygen will be tested at biology laboraroty in UiTM Jengka. The finding of water
properties analysis is important to determine the diversity of freshwater fish.

Water and Fish Relationship

The relationship between fish and water characteristics were analysed using canonical
correspondence analysis (CCA) which performed using CANOCO version 4.5. The CCA output
shows the strength of the relationship between species distribution with water variables where
parameter used for water (pH, salinity, temperature, total dissolved solids, and dissolved oxygen).
The relationship of fish species and their relationship with the parameter studied were also
analysed.

Results and Discussion
Fish Diversity

A total of 107 individuals from seven families and eight species of freshwater fish have been
collected in all three lakes. The eight species are Oreochromis mossambicus, Cyclocheilichthys
apogon, Puntigrus partipentazona, Trichopodus trichopterus, Channa striata, Oxyeleotris
marmorata, Pristolepis fasciata and Notopterus notopterus. Lake 1 (L1) and lake 2 (L2) both
consist of four species and lake three (L3) consists of six species.

Based on Table 1, the most dominant species found in this study is T. trichopterus followed
by C. apogon. T. trichopterus is higher due to their ability to breathe atmospheric air which allows
species to survive, and the species even thrive in oxygen-deprived water (Subchan et al., 2021).

On top of that, they are omnivorous so they can survive and reproduce. They also are one
of commercial importance as food and for aquarium. The least species is P. partipentazona. P.
partipentazona is typically found in heavily vegetated parts of rivers and sluggish streams and is
known to inhabit natural lakes. Zulkafli et al., (2015) suggest fish displays a preference for habitats
in which algae and other phytoplankton are present in significant quantities.
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Table 1. The list of families and species of freshwater fish that have been found.

Family Species Lakes
1 2 3
Cichlidae Oreochromis mossambicus 3 - -
Cyprinidae Cyclocheilichthys apogon 5 4 9
Cyprinidae Puntigrus partipentazona - - 1
Osphronemidae Trichopodus trichopterus 17 2 25
Channidae Channa striata 1 - 1
Butidae Oxyeleotris marmorata - 12 -
Pristolepididae Pristolepis fasciata - 1 11
Notopteridae Notopterus notopterus - - 15
TOTAL 26 19 62

Based on the Shannon-Weiner’'s Index (H’) (Table 2) L3 indicates the higher value of
Shannon-Weiner’s index which is H'= 1.428 and shows intermediate diversity, followed by L2 that
also shows intermediate diversity with H'= of 1.011. Meanwhile L1 has lower diversity with H'=
0.968. The result is in contrast with numerous research that has been done in the river. On the
contrary, rivers have higher diversity of fishes due to water current that flow might followed by
other fish species (Rashid et al., 2015). Besides, based on Pielou’s Index (J’), L3 indicates a higher
reading at 0.797, followed by L2 and L1 at 0.729 and 0.698 respectively. All three readings of
Pielou’s Index at three locations lie between 0.60 to 1.00 range, thus it indicates as high evenness.
For Margalef’s index, L3 shows a higher index which means it has higher richness of species
compared to L1 and L2. This can be seen clearly by the number of individuals found in the lake.

Table 2. Fish diversity index for Lake 1, 2 and 3.

L Shannon Weiner’s Index Pielou’s Index Margalef’s Index
ake (H) (V)

1 0.968 0.698 0.921

2 1.011 0.729 1.019

3 1.428 0.797 1.211

Further, for the Simpson’s Index (Ds), all species were categorized as low dominance
because it is in 0.00 < Ds < 0.30 range (Table 3). In contrast, Zulkafli et al. (2015), recorded
higher diversity and dominance of freshwater fish species from the family of Cryprinidae. In
addition, Kaviarasu et al. (2022) and Agmal-Naser et al. (2024), also recorded the family of
Cyprinidae comprised the highest number of fish species in Peninsular Malaysia. Meanwhile, C.
apogon were the second highest in the Simpson’s Index.

Table 3. The fish species and Simpson’s Index (Ds) in all three lakes

Fish Simpson’s Index (Ds)

Oreochromis mossambicus 7.86 x 10
Cyclocheilichthys apogon 0.168

Puntius partipentazona 9.35x 103

Trichopodus trichopterus 0.17

Channa striata 3.49 x 104
Oxyeleotris marmorata 0.0126
Pristolepis fasciata 0.0126
Notopterus notopterus 0.0197
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Jaccard’s Coefficient resulted both lake 1 and lake 3 have the higher similarity of species
in these two lakes which is 42.86% followed by lake 2 and lake 3 which is 42.82% (Table 4).
This similarity indicates that there is a similar number of species found compared to other lakes.

Table 4. Jaccard’s Coefficient for Lake 1, Lake 2 and Lake 3.

Lake Jaccard’s Coefficient
Lake 1 and Lake 2 33.33%
Lake 1 and Lake 3 42.86%
Lake 2 and Lake 3 42.82%

Water

Table 5 shows the mean of pH, temperature, Total Dissolved Solids (TDS), Dissolve Oxygen
(DO), Biological Oxygen Demand (BOD), and turbidity in the three lakes studied. The weighted
correlation matrix for species axes, environmental axes and environmental variables of
freshwater fish species concerning water properties at three lakes is tabulated in Table 5.
Temperature in all three lakes range from 6.67 to 6.72. The broad spectrum of temperature
tolerance in aquatic life may make clean water insignificant, but in polluted water, temperature
can have more significant effects on biological oxygen demand (BOD) and dissolved oxygen
(DO) (Pardosi et al., 2024). According to Sisodia and Moundiotiya, (2006) fish mortality may
result from DO concentrations below 2 mg/l, whereas concentrations below 5 mg/l may
negatively impact the survival and functioning of biological communities.

Table 5. Mean number of water parameters in three lakes

Lake pH Temp (°C) TDS D.O B.O.D Turbidity
(g/L) (mg/L) (mg dm-3) (NTU)
6.71 29.67 0.032 4.84 1.83 12.1
6.67 29.37 0.031 4.62 212 16.47
6.72 28.76 0.053 4.12 1.33 26.94

Fish Species and Selected Water Properties Relationship
Eight species of freshwater fish were collected and tested on CCA analysis to evaluate the

relationship with the water characteristics. The CCA biplot of fish species and water characteristics
in Figure 3 shows the species occurrence of the environmental variables.
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Figure 3. Canonical Correspondence Analysis for fish species and water characteristics in the
lakes studied.

Based on Figure 1, P. partipentazona, N. notopterus and P. fasciatus were related with
TDS, turbidity and pH. C. apogon related with BOD and slightly with temperature and DO and
BOD. Oxyeleotris marmorata shows no association to the environment variables studied. This
explains that this species is not affected on changes of environment condition as proven by Lim
et al. (2017), explained that O. marmorata displays no response on changes of water parameters
such as salinity, temperature and pH value. Other than that, Oreochromis mossambicus also
shows no response towards the changes of water parameters. In addition, Remya et al., (2024)
reveal that this species can tolerate extremes of acidity and alkalinity. Other than that, O.
mossambicus also has a remarkable tolerance for organically polluted waters (Simukoko et al.,
2024).

Relationship Between Study Lakes and Environmental Variables

Figure 4 shows the CCA ordination plot indicating the approximate locations of sample lakes and
directions of selected water properties variables. Lake 3 (0O3) fall at third quadrant which
proposed correlation with the environmental variables where lake 3 (O3) shown high correlation
with TDS and near with turbidity. Total dissolved solids indicate the total amount of inorganic
chemicals in solution. A maximum value of 0.4 g /L of total dissolved solids is permissible for
diverse fish population (Mbalassa et al., 2014). According to the result obtained, the TDS
readings in all three lakes was fall within the permissible limits.

Turbidity also affects fish diversity. This is because it may afford greater protection
for juvenile fish from predators. Other than that, it is generally associated with areas where food
is abundant; and it may provide an orientation mechanism for migration to and from the river or
even lakes. So, from the figure below it proves that fishes favour lakes or river that have
moderate, not too high turbidity value to enhance their survivability. TDS contain toxic but some
of it is beneficial for the fishes. This is due to TDS contain minerals and organic molecules that
provide benefits such as nutrients for aquatic fish, but only in the least amount (Weber & Duffy,
2007). So, from the figure, fishes in Lake 3 favours the TDS amount and best correlated, slightly
higher when compared to TDS value with lakel and lake 2.
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Figure 4. Canonical Correspondence Analysis for studied selected lakes and water
characteristics.

In most of tropical water systems, most freshwater fish species grow best at temperature
between 20 °C and 32 °C (Mbalassa et al., 2014). So, temperature not affecting the fish diversity
due to the temperature taken during the study falls between ideal temperature for the fish. Next
is pH as water parameter. According to Wenger et al. (2018) most freshwater fish thrive in a
range lower than that, somewhere between 5.5 and 7.5, depending on the specific species.
Based on the findings of these three lakes, the pH readings fall between that pH value.

Conclusion
In conclusion, eight species of freshwater fish have been identified in three lakes studied which
are Oreochromis mossambicus, Cyclocheilichthys apogon, Puntigrus partipentazona,
Trichopodus trichopterus, Channa striata, Oxyeleotris marmorata, Pristolepis fasciata and
Notopterus notopterus. From the CCA analysis, it can be concluded that some fish species are
sensitive to changes of water characteristics, for example, P. partipentazona, N. notopterus and
P. fasciatus were and depending on certain value of TDS, turbidity and pH. Some able to tolerate
the changes or the changes of the water characterististics does not affect the life cycle of this
species, Oxyeleotris marmorata shows no association to the environment variables such as pH,
turbidity and temperature value.

This explains this species is not affected on changes of environment conditions. Abiotic
factors can affect the abundance of fish in the research area. Factors like the water characteristics
and human activities might disturb and influence the lakes quality.
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