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Abstract

The objective of thisstudy wasto determine the rel ationship between various stream (or Sungai) ecological factorsasregards
to fish population density. Stream ecological factors such as substrate type, stream order, habitat type and disturbance status
were investigated to estimate their influence on fish presence and density. Fishes were sampled using el ectrofishing method
(Electrofisher Model 15-D Honda EX 350 engine). Results showed that substrate type, stream type and disturbance have
significant influence on fish density. On the other hand, habitat type did not significantly affect fish density. Highest fish
density was recorded at the stream segment with sand/gravel substrate (21.47 individual m?®) while segments with sand/silt
substrate showed the lowest fish density (2.63 individualsym®). First order stream had the highest fish density (22.53 individu-
als'md) followed by second order stream (5.86 individual / m®) and third order stream (0.88 individual/m?). Undisturbed streams
also showed asignificantly high fish density (12.17 individual/m®) as compared to disturbed streams. This study showed that

fish density in Sungkai Wildlife Reserve areawas very dependent on ecosystem characteristics.
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I ntroduction

Habitat features, either biotic or abiotic components,
have been identified as the major determinants in
distribution and abundance of fishes from earlier times
(Arunachalam, 2000). Fish speciesin an assemblage are
separated or partitioned on the basis of the availability
of the various macrohabitat and microhabitat features
and also of food sources. Niche apportionment by the
various speciesof fishispossible aslong asthese habitats
and resourcesare available. Inversely, fish assemblages
can aso beused asindicator of habitat degradation. Loss
of or changes in fish assemblages may quantify
disturbances that have occurred in the ecosystem.
Interestingly, Moyleand Cech (1982) stated that within
tropical stream system, physical and chemical factors
often play less important role in determining fish
distribution and abundance when compared to biological
factors. This is because the tropical areais generally

stableeither climatically or productivity-wise. Withfairly
regular temperatureand rainfall, climatic stahility results
inlessfluctuationinthe physical environmental factors.
In addition, continual food production and geological
stability also contribute to the overall stability of the
environment. However, there are some abiotic factors
that may influenceichthyofaunal compositioninatropical
freshwater ecosystem, at least in a subtle way. Physical
factors that influence fish distribution and abundance
includewater level fluctuation, water velocity, gradient,
stream order, bottom substrate and turbidity, while the
chemical factors include dissolved oxygen, pH and
dissolved nutrients.

Water level fluctuation playsanimportant roleto many
tropical fishes. In many cases, high water level is often
associated with abundance food, hence becoming the
cuefor these fishes for reproduction and growth. Apart
from extra food resources, flooding of the terrestrial
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ecosystem also provides extramicrohabitatsfor thefish.
Treetrunk and bushes, initially not submerged, become
inundated during the flooding season thus provide more
nooks and crooksthat can be utilized by many fishesas
their temporary habitats. Therefore dueto the expanded
habitat and food resources, many fish reproduce during
rainy season or during high water level.

Gradient, stream order, water flow and substrate
characteristicsal so play apivotal rolein determining the
type of fish present in an area. Wikramanayake and
Moyle (1989) stated that fish species are segregated on
thebasisof their positioning inthewater column, relative
to both velocity and vertical positionand inafew species,
an affinity to particular substratum types. Stream with
higher gradient and lower stream order is characterized
by strong water current, loose sandy or gravel bottom
substrate hence the absence of aquatic weed. Thisresults
infewer available nichesto be exploited by fish (Ahyaudin
et al, 1988), therefore limits the type of fish that can
survive. Ahyaudin et al (1988) stated that fish living in
hilly streamsusually hasastreamlined body with optimal
hydrodynamic efficiency such askelah (Tor tambroides)
and the many other streamlined cyprinidsin Africaand
Asia, or with specialized body form such as fish from
thefamily Homal opteridae (Arunachalam, 2000) inAsia
and the many specialized catfishes in South America.

Chemical changesinwater quality in stream and river
systemsalso alter interspecific competition and predation
among fish communities, which areregarded asimportant
determinant of fish distributionin streams(Gillian et al,
1993). Often in polluted streams, there are fewer fish
species, mostly tolerant to low oxygen concentration.
Hence, interspecificity may yield less pressure when
compared to communitieswith larger number of species.
With reduced competition, tolerant fishes may flourish
while others, which need environment with good water
quality, may not survive, and eventually face local
extinction.

Although Eklov et al (1998) reported that only
dissolved oxygen content and total phosphorous
concentration were responsible for ichthyofaunal
community changesin stream in Sweden, the effects of
other chemical parameters should not be overlooked.
Indirectly, other chemical factors such as pH and
dissolved nutrients would influence dissolved oxygen
level. Anincreasein nutrient level and the concentration
of chemical compounds with high chemical oxygen
demand (COD) will use up the oxygen in the stream
system, hence reducing the dissolved oxygen content.
Nutrient input, as stated by Abrams (1993) isapervasive
element of human effects on the natural environment,
often unintentionally in the aquati c ecosystem especially
through by-productsof fertilizer runoffsand atmospheric
pollution. Abrams (1993) al so stated that an increasein
nutrient level in an ecosystem might also contributeto a

possibledecreasein the abundances of all trophiclevels
when there are more than two species per level.
Therefore we can say that any unnatural changesin the
chemical content of the stream and rivers, with
subsequent unnatural changesin nutrient level and water
quality will undoubtedly changethe community structure
of ichthyofaunain the ecosystem.

Biotic interactions within the stream and river
ecosystems also play a profound role in shaping the
ichthyofaunal community. In the tropical area, the
physical environmental factors, food production and
geological statearevery stable, if not only withminimal
fluctuations. Due to this, Moyle and Cech (1982)
concluded that the evolutionary results of interspecific
interactions especially predator-prey mechanism and
competition are often expressed as extraordinary
morphological and behavioural specialization. Thismay
eventually lead to high degree of speciation especially
within the Cyprinids species, which also contributes to
the high endemism in Southeast Asia. Rainboth (1991)
stated that approximately about 70 generaof Cyprinids
are endemic to Southeast Asia.

According to Harvey and Stewart (1991), predation
risk is often an important factor in habitat selection by
animals, and for many taxa, more than one kind of
predators may beimportant. In the case of stream fishes,
piscivorous fishes and other predatory vertebrates that
wade or diveinto the stream may beimportant predators.
This is further confirmed by Grossman and Freeman
(1987) who stated that predators have been shown to
effect distribution of stream fishes especially through
avoidance. Any structural refuges in the form of the
various hiding places may help preys avoid predators.
However, the predator-prey relationships in tropical
freshwater ecosystem are fairly stable. The complexity
of the tropical ichthyofaunal communities in this area
has led to remarkable specialization. This profound
adaptation that represents co-evol ution between predator
and prey inthisregionisreflected inthehigh diversity of
fish (Moyle and Cech, 1982).

Competitive interactions also shape the community
structure in stream ecosystem in the tropical areas.
Wikramayanake and Moyle (1989) stated that the
pronounced resource partitioning and complementarities
suggest that assemblages have co-evolved to reduce
interspecific competition. Feeding specialization and
habitat preferences by many tropical freshwater fishes
are designed to reduce competition from other fishes.
For instance, the fish from the family Homalopteridae
has become specialized to live in fast-flowing water at
the riffles area (Moyle and Cech, 1982), which is not
occupied by many other species, hence reduce the
competition they havetoface. In order to surviveinthis
demanding area, Homal opterids have devel oped suckers
to anchor on boulders in order to avoid being carried
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away by thefast and turbulent water flow. Inlieuto this,
these fishes also feed on the abundant algae living on
rocks and bouldersin theriffles that are not utilized by
many other fishes.

Theillustrationsabove show examplesof aremarkable
segregation either through choice of food resources and
feeding mechanisms or through habitat preferences,
which result from evolutionary processesto reduce niche
overlap, thus reduce the pressure from competition. In
many cases, these factors along with the spatial and
temporal segregation do promote coexistence in fish
assemblages (Grossman and Freeman, 1987). Thisstudy
was conducted to determine and ascertain the ecological
factors relationship with fish presence and density.

Material and methods
Sudy-sites

Sungkai Wildlife Reserve is located approximately 96
kilometers north of Kuala Lumpur. According to
PERHILITAN (2000), this wildlife reserve was esta-
blished in 1928 with the original total areaof 1,805 ha. In
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1940, the area has expanded up to 2,468 ha. The
establishment of this reserve was based of five main
objectives:

(i) to breed native species in an organized and
systematic fashion in order to make sure that
they do not face extinction,

(i) to provide various scientific researches
especially to increase efficiency in wildlife
management and to yield greater reproductive
success,
to act as an educational center for every level
of society, thus helping install greater public
awareness regarding conservation efforts in
Perak and also in Malaysia,

(iv) to act as arecreational areas for locals and

(v) fortourist attraction. Within the study location,
six streams (labeled as Sg. In this paper) of
different orders or degree of disturbance were
chosen as sampling sites. Each stream were
further assigned 5 sampling stations, hence 30
stations were studied in the area (Figure 1).

(ii)
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Figure 1: Thelocation of study sites within the Sungkai Wildlife Reserve, Perak, Malaysia.
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Stream 1 isa 2nd order stream and is considered as
disturbed stream since it meanders through a deer
paddock built for the ex-situ conservation effort for the
sambar deer. Thisincludes for Stations 1, 2, 3, 4 and 5.
Five stations in Stream 2 (Sg. Ulu Bikam) consists of
disturbed and undisturbed stations. Station 1 of Sg. Ulu
Bikam may be considered pristine sincelocated upstream
from the any human activities. However since the fish
from this station can movefreely in and out of the other
four stations, especially Station 2, it is expected that the
result reperted for this area will resemble the other
stations within this stream. Station 2 is considered as
disturbed because it is located next to arecreation area
(camping and picnic activities). Stations 4 and 5 are
disturbed sites because they arelocated in another deer
paddock. Though Station 3islocated upstream of Stations
4 and 5, it wasa so considered disturbed sinceit receives
water from Station 2.

Stream 3 (Sg. Milo), is a second order stream, and
considered as undisturbed becauseit is not subjected to
any major physical changes. Though the stream flows
near the gaur (Bos gaurus) paddock, it does not cut
through the paddock. Therefore it is assumed that no
exogenic influences were exerted into this stream. It is
also assumed that this stream isalso inits natural state.
Stream 4 isasecond order stream which receiveswater
from two sources. Two stations; 1 and 2 are located at
one tributary and 3 and 4 at another tributary. Station 5
islocated at the fork that joins both tributaries. All five
stations are considered undisturbed because no exogenic
influences are detected in this area.

Stream 5 or Sg. Ulu Menderang is located outside
the core area of the reserve but still in the vicinity of its
buffer zone. Thisisahighly disturbed areaas compared
to the other streams because it is located within a
traditional village of Kampung Ulu Menderang and
expected to be subjected to major effects from human
activities. It must also be noted that Sg. Ulu Menderang
is athird order stream in which its tributaries are the
second order streams from the core area of the reserve.

Stream 6 or Sg. Suar is aso located outside the core
area, but still withinthevicinity of thereserve. It receives
water from two streams. Sg. Suar is located near the
rubber plantation, which is interspersed with forest.
Thereforeit isalso considered asdisturbed even though
its degree of disturbance is far less than Sg. Ulu
Menderang. Like Sg. Ulu Menderang, Sg. Suarisalsoa
third order stream.

Sampling methods

After determining the sampling sites, the upper and lower
ends of the station were blocked with 1 cm mesh stop

nets. Fish sampling wasdone by electrofishing the stream
with Electrofisher Model 15-D using Honda EX 350
engine. Higher voltage was used for clear streamswhile
lower voltage was used for the more turbid ones.
Sampling was only conducted using el ectroshocker since
casting is very impractical due to the shallow nature of
the stream while scoop nets otherwise would be biased
because only thevisiblefish would be captured. Sampling
was done randomly at each sampling site and
approximately at similar sampling periodsand effort. In
order to reduce sampling bias, electrofishing was
conducted only by similar operator. Due to the
impracticality of on-siteidentification and measurement,
all fish were taken to the laboratory for identification.
Identification was done using Inger and Chin (1962),
Mills(1993), Mohammad Mohsin and Mohd Azmi (1992)
and Millidge (1998). Apart from sampling and
identification, various ecological factors within the
sampling siteswererecorded. Theseinclude shaderange,
habitat type (riffles and pools), bottom substrate (sand/
silt, sand, sand/gravel), stream order (tributary, stream,
small river), disturbance (disturbed and undisturbed) and
river water volume.

Result

Fish diversity was found to be vary between each
sampling site (Table 1). The one-way ANOVA test
demonstrates that fish density was significantly differ
between and within streams (< 0.05, df = 29)(Table 2).
Fish density ranged from 0.3 individual / m? (Station 3 of
Stream 5) to 55 individual/m? (Station 3 of Stream 4).
As regards to mean density, stream 4 (Sg. Ulu
Menderang) has the highest fish density with the mean
value of 21.5 individual/m® while Stream 5 (Sg.
Menderang) has the lowest fish density with the value
of 0.6 individual/m?. One-way ANOVA test indicates
that fish density was found to be significantly affected
by level of disturbance (p<0.05, df = 29), substratetypes
(p<0.031, df = 29) and stream types (p<0.0001, df =
29). Undisturbed streams had the mean density of 12.2
individual/m?® while disturbed streams had the mean
density aslow as4.1 individual/m?.

Based on substrate type characteristics, streamswith
sand-gravel substrate had the highest mean density (21.5
individual/m?) followed by sand-substrate stream (5.6
individual/m?) and streamswith mixture of silt and sand
substrate (2.63 individual/m?). Stream types (size) also
demonstrate a significant difference in term of fish
density. Tributariessupport higher fish density thanlarger
streams. Mean fish density recorded in tributaries was
21.5individual/m* whereas streamsand small rivershad
5.86 individual/m*and 0.88 individual/m? respectively.
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Table 1: Checklist of fish caught from five sampling sites.

Family Genus/species No. of Stream
individual
Cyprinidae Rasbora sumatrana 322 12345
Rasbora cephalotaenia 4 1234
Hampala macrolepidota 3 123
Puntius lateristriga 121 12345
Puntius binotatus 228 1234
Accrosocheilus hexagonolopis 5 1
Osteochilus vittatus 1 1345
Osteochilus hasseltii 33 1234
Labiobarbus lineatus 58 12345
Tylognathus caudimaculatus 3 2
Epalzeorynchus siamensis 6 134
Homalopteridae Homaloptera orthogoniata 15 234
Cobitidae Acantopsis choirorhyncus 111 1234
Botia hymenophysa 5 12
Akysidae Acanthopsis inchsoma 2 4
Bagridae Leiocassis leiachantus 1 3
Mystus nemurus 13 1234
Mystus baramensis 2 3
Claridee Clarias batrachus 1 4
Propaghorus nieuhofii 22 124
Siluridee Slurichthys haseltii 11 134
Hemiramphidae Hemiramphodon pogognathus 117 12345
Channidae Channa striatus 28 1245
Channa lucius 24 234
Channa micropeltes 23 235
Anabantidae Betta pughax 35 124
Synbranchidae Monopterus albus 3 12
Mastacembelidae Mastacembalus maculates 11 1234

Habitat type (riffles, riffle/pool or pools) however did
not show significant differencesin term of fish density
(oneway ANOVA, p = 0.327, df = 29). Riffles had the
density of 6.02 individual/m?, the combination of riffles
and pools had 15.37 individual/m?® and pools had 1.48
individual/m?. Though values recorded were notably
different, it was still considered insignificant because of
large standard deviation.

Discussion

Although, catch index has been popularly used to
determine abundance, a more accurate measurement
of abundance would have to be the density because it
takesinto consideration the magnitude of the areastudied
(Mohd Sham 2000), Since the stream system is athree
dimensional system with length, width and depth, the
more appropriate spatial measurement would be water
volume rather than area. In this study, fish density is
defined as the number of individual fish in each cubic
meter of water. When we deal with fish density in the
six studied-streamsin Sungkai Wildlife Reserve, Stream

4 showed the highest fish density while Stream 5 showed
the lowest via stream-by-stream analysis. Stream 4 is
an undisturbed stream while Stream 5, as previously
mentioned, received human activitiesimpacts. The effect
of disturbance on the stream may have been responsible
for the diminishing fish density in the stream. Thisis
further confirmed when fish density is compared
between disturbed and undisturbed streams. Disturbed
streams have a lower mean density as compared to the
mean fish density of undisturbed streams. Generally, we
can assumethat disturbed streamshavelower fish density
than undisturbed streams. In Stream 5, disturbance may
have resulted from polluting sources like herbicides,
wastes and land clearance. Nickolsky (1969) suggested
that water pollution by various substances might have
serious adverse effects on fish especially in the
destruction of fish reproduction and the disruption of the
fish’smetabolic activities. In many cases, pollution may
also affect other organismsin the ecosystem, which are
food sources for fish. Plankton and invertebrates are
main food sources for fish, and they are more sensitive
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than fish duetolow mobility. A seriousdisturbance could
demolish their population and affects fish populations.
Therefore the lack of food sources will eventually limit
the number of fish surviving in streams.

Although this study found habitat types not influence
fishdensity, it also playsanimportant rolein determining
fish density of each stream. Generally, result indicates
that streams characterized by the mixture of sand and
silt substrates had the lowest fish density while streams
with the mixture of sand and gravel substrates had the
highest fish density. Siltisafineparticle, which normally
will precipitate to the bottom to form surface sediments.
If thereisan increase in velocity or disturbancesin the
ecosystem, for example dueto bio-turbation, the particle
will be retained in water body, making the water less
clear hence increase turbidity and also increase the
concentration of suspended solids. Thisisnot aconducive
environment for many fishes because it may clog to the
fish’s gill and impede respiration. Apart from that, silty
water may also hamper navigation and food-finding
especidly for fishesthat rely on vision for such purposes.
Excessive precipitation also could affect benthic macro-
invertebrates especially at pristine ecosystem. Benthos
in pristine ecosystem normally isfilter feedersand could
not survive at high suspended concentrations.

A stream with the mixture of sand and gravel substrate
form a more stable environment for fish. Furthermore

83

the presence of gravel and small boulder would add to
the amount of micro-habitats present in the stream by
means of providing more nooks and crooks. This may
actually provide moremicrohabitatsfor fishto specialize
and live in, thus consequently enhance fish density in
streams. In addition, the presence of gravelsalso provides
micro-habitats that allow some algae and macro-fauna
to flourish. The algae may coat the gravel and boulder
surfaces while macro-faunas such as the larvae of
caddisfly and many aquatic insects may live within it.
These organisms eventually provide an additional food
sourcesfor many fish speciesespecially the planktivorous
and ichthyofauna. The more the micro-habitats provided
by the gravels, the more plankton and meio-faunas could
grow hence the more food source for fish in the stream.

Another physical factor that is shown to have a
significant impact onfish density isthetype of the stream
itself. Tributariesrecorded the highest fish density while
small rivers had the least fish density. The result
demonstrates that the larger the stream, the lower the
fish density. Tributaries often have a higher number of
micro-habitatsformed by the presence of rifflesand pools
sections. Larger streams, and inthiscase, thesmall rivers
of Sungai Ulu Menderang and Sungai Suar do not pocess
thisuniquefeature. Furthermore, in small streams, most
of thefish are concentrated near the banks, which often
provide better shade and refuge for fish. Allochtonous

Table 2: The summary of mean fish density according to various ecological parameters.

Parameter Mean density Significance
(individual/m3) value
Stream 1 9.702
2 5.063
3 2803 p=0.05
4 21533
5 0580
6 1178
Disturbance disturbed 413
undisturbed 1217 p=0.05
Habitat Type riffles 6.02
riffles/pools 1537 p>0.05
pools 148
Substrate Type sand /silt 263
sand 563 p=0.031
sand gravel 2147
Stream Type Tributary (first order) 2153
(Order) Stream (second order) 586 p=0.0001
small river (third order) 088
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food sources would often enter the stream system from
the terrestrial ecosystem via the banks and also the
hyporheic zone, which form the transition between the
aquatic and terrestrial ecosystems. The middle part of
theriver isoften not really occupied dueto lack of shade
or even lack of food. Furthermore, the middle part of
the small river doesnot offer refugefor thefishto elude
their predators. There, the fish can be easily seen by
terrestrial, aguatic or even flying predators. Hence, a
large portion of the small river is not fully utilized by
many organisms, including fish. Thisexplainswhy small
rivers have less number of individuals per cubic meter
of water as compared to streams and tributaries.

The study indicates that fish population within the
study-areais easily affected by various factors such as
habitat types, stream orders and level of disturbance.
Fish population exhibits lower composition at the
disturbed streams but more abundant at pristine streams.
For pristine streams, habitat characteristics play major
role in determining fish composition. Thisexplainsthe
importance of ecological factors in determining fish
population and cannot be ignored during the fish studly.
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