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1. Abstract

The rich ecosystem of the Lower Kinabatangan Wildlife Sanctuary, Borneo, is
renowned for its iconic biodiversity and endemic terrestrial species. The freshwater
habitats however, has been somewhat overlooked even though the river is vital for
community aquaculture. In this study, freshwater fish communities were examined in
three habitats: main river, tributary and oxbow systems within the vicinity of Danau
Girang FieldCentre situated in the Lower Kinabatandgdaodplain No difference in
community composition wa®bserved between habitat types, includisgecies
abundance, diversity, evennesspd similarity between habitats; these findings
suggesthealthy communities ebpite adjacent oil palm plantation&nvironmental
variablesof water velocity, temperature, pH, bank width and water depth were all
exhibitedto be predictors of abundance for certain spectegidence forfish size
specific habitat use was suggestetth oxbow lakes identifieés possible nurseries
for juvenile fish Relevant conservation strategies were recommeirddading the
establishment of riparian buffer zones adjacent to water bodies, which are threatened
by conwersion to agricultural oil pat as well agegulation of fishing practicem
oxbow lakesFurther assessment intlke impact of environmental effects on species
diversity and abundance can assist in the alleviation of habitat disturbances

symptomatic with increased palm oil plantatiand usen the area



2. Introduction

Globaly freshwater ecosystems face a far greater risk of declining
biodiversity than even the most threatened terrestoaimunities (Sal&t al. 2000;
Dudgeonet al. 2006). Two rivers in the KlangRiver Basinof PeninsularMalaysia
havelost up to 8% of freshwater fish speciever the past 20 yegraith continued
environmental destruction being pinpointed as the leading probable cause @hong
al. 2010).Overfishing has lead to freshwater figktinctions, with species such as the
freshwater fish,Wallago atty bei ng el i mi nated from part
Sumatran rivers (Dudgeon 200@istributions of freshwater fish populations are
shaped byarious environmental influencedeterminingthese factorss imperative
due tothe continued growth of anthropogenic pressures on ecosys$idartin-Smith
199&; Aranteset al.2011).

The island oBorneo is split into three nations, Brunei, Indonesia and Malaysia, and
Is situated in Souttast Asia. The Malaysian state of Sabah located on the
Northeasterntip of Borneo and is bordered by the South China and Sulu Seas, the
other Malaysian state of Sarawak and the countries of Brunei and Indonesia
(Rajaratnanet al. 2008; Fitzherbertet al 2008).The Lower Kinabatangan Wildlife
Sanctuary (LKWS) is 26,000 hectares of protectefdrest positioned on280
kilometres of theKinabatangan River, the largest river in Sabah, Borneo. The
surrounding land has been subject to selective logging, fotlolwe palm oil
plantation conversion that exploits much of the floodplain forest. However, a rich
ecosystem continues to persist in the protected, yet fragmentedaademssenowned
for its iconic biodiversity and endemic terrestrial species, includivegBornean
elephant Elepha maximus borneensiy Sumatran rhinoceros D{cerorhinus
sumatrensis proboscis monkeyNasalis larvatuy orangutan (Pongo pygmaeis
and Sundalouded leopardNeofelis diardj (Rajaratnam et al. 2008

Between 1990 an@005, Sabah and Sarawak saw 1.1 million hectares of
forest give way for conversion to palm oil plantations; it was estimated that 1.0
million hectares of oil palm was planted (Fitzherbetrtal 2008). Despite prompt
modernisation of the Lower Kinabatangesgion caused by the expanding palm oil
industry, the local population, the Orang Sungai, (Malay for River People) still

maintain large connections with the river, mainly through trade, transport and



important community aquacultur¢Rajaratnanet al. 2008; Fitzherbertet al 2008).
Concomitantly valuable services are offered to society by the floodplain ecosystem,
including ecotourism (Dudgecet al. 2006). The river has a growing reputation as a
destination for ecotourism, with companies providing exp@us andsightseeing
ventures centred in local villagegRgjaratnanet al.2008).

The connection between the freshwater and forest ecosystem is of great
importance, with the riparian zone and floodplain linking terrestrial and aquatic
systems. Allocthonas input from the forest such as organic matter and nutrients
influence the biota of the river system (Norris and Thd®89). The catchment area
therefore requires as much protection as the river itself, with conservation strategies
aiming to incorporateiparian corridor establishment (Dudgeon 2000).

River tributaries and oxbow lakes provide different habitats for fish fauna
populations (Henget al. 2006). A number of studies regarding fish communities of
Sabah have been undertaken, with some located in the Kinabatgtheaget al.

2006; Inger and Chin 1962owever, these studies have largely focused on species
de<riptions (Inger and Chinl1962, with limited research concentrating on
community structure within the varioldmbitats (MartiRSmith and Huil1998).The

only major fish survey of the Kinabatangan River was performed by Inger and Chin
(1962), the survey lead to detailed descriptions ofcigige including habitat
preferences, diet and behavioural observations.

Depletion of ish communities have cascading effects upon the floodplain
ecosystemaltering entire foodwebs such as thevertebratecommunities upon
which they prey and predator paations of bird and reptiles, like the estuarine
crocodile Crocodylus porosys(see Dudgeon2000 and the endanger
stork (Ciconia stormi) (seeRajaratnanet al. 2008).

As the freshwater fish community plays such an important role tothottan
populations and the floodplain ecosystamderstanding fish population dynamics in
different habitats of the Kinabatangan River is of paramount importance for

establishing adequate protection and ecosystem management.
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Figure * The five principalthreats tofreshwater biodiversity
with potential interactions (Dudgeon, 2000

Anthropogenic pressures to ecosystems are considered as the major factors affecting
freshwaterbiodiversity andcan be placed into five interlated categorieéFig. 1):
overexploitation, water pollution, flow modification, destruction or degradation of
habitat and invasion of exotic speci&udgeonret al. 2006;Allan and Flecked 993).

Asian freshwater systems have witnessed a recent trend of large dams being built
impounding rivers and altering flow rate as well as restricting seasonal migrations by
freshwater fish specig®udgeon2000; in the Kinabatangan River a development at
this scale has not yet been implementéd.Malaysia he chief threats faced by
freshwater fishare destruction or degradation of habitat, accounting for 96% of
threatenedspecies this is followed by the danger obverharvesting (Chongt al.

2010) The increased siltation of river systemsimllustration of fabitat degradation
triggered by anthropogenic pressyrdsforestation has been shown toeatfrunoff
patterns causingdditional soil content to enter water bodigerefore affecting dw

rates andvater pollution(Dudgeonet al. 2006; Gregerseret al. 2003. Monitoring

the effects of environmental influencesn species diversity and abundance in a
variety of freshwatehabitatshasbeen highlighted as important for the establishment

of any conservation @ctices (Arantegt al. 2011; Jacksoret al. 2001). Due tothe

increased sensitivity to emanmental changesy endemic freshwater fish specids, i



is possiblefor fish to actas indicators of the health of particulaabitats or
ecosytems(Chonget al.201Q Harris1995).A study by Dudgeon (20Q0pinpointed

that the biodiversity of freshwater ecosystems is under severe threat and that our
opportunity to act is finite; basal information must be obtained in order to establish
whetheradditional research is needed, as well as to organise necessary conservation

strategies.

This studyaimedto (i) create an inventorgf the current freshwater fish biodiversity
occupying an area of the Lower Kinabatangan Floodpl8ahabh;(ii) investigae
environmental variablefiects of water velocity, temperature, pH, vegetation cover,
bank width and water deptlupon freshwater fish populatigngiii) identify
anthropogenic drivers afommunity change;(iv) and propose&elevant conservation
strategies that may assist in the maintenance of freshwater fish biodiversity in the

Lower Kinabatangan Floodplain.

3. Materials and Methods
3.1 StudyRegion: The Lower Kinabatangan Floodplain

The study area wal®cated in the Lower Kinabatangan Wildlife Sanctuary
(LKWS), an area occupying 480 hectaresf land with a network of forest corridors
running adjacent to the specigsh Kinabatangan RiverA large proportion of the
forest has been severely influedcky the intense logging industry in recent years,
including anumber of protected areasuch as the forest wheBmnau Girang Field
Centre (DGFC), the semarch base, is located. Protected areas are, however,
recovering after the heavy logging activitied the past.Sampling sites were
positioned both up and downstream of DGFC, which remained in a central location.

Nine sampling sites (Fig.)2vere selected in three different habitats within the
LKWS. Three were riverine sampling transects, 2km in lemwgth 2km intervals
between them, three were tributaries and three oxbow lakes both in connection with
the Kinabatangan River. Selection of sampling sites was based on ease of access
throughout the study period. Of the tributary sites, two were immediatihcent to
palm oil plantations (Lais and Koyah tributaries), while the third was surrounded by

degraded forest (Kaboi tributary). Riverine and oxbow sites were both surrounded by



degraded forest and shared similar proximities to oil palm plantationis, nene
immediately adjacent to plantation. Site visitation and sampling was undertaken
during the wet season (OctoberApril).
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w dRiver Site 3
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Figure 2 Kinabatangan sampling area with sites indicatRdver sites (Yellow
transects), Tributaries (Red transdctsoyah and Lais connected to plantation
and Kaboi surrounded by secondary forest), Oxbow lakes (Green oytlines)

Plantation boundaries (Blue lines)

3.2Environmental Variables

The following habitat variables wereltected at each sampling site} (vater
characteristics of temperature (°C thermomet@r pH (ecotester pH maer); (iii)
channel dimensions including width of channel (tape measure and GPS), depth of
chamel (premeasured weighted rope); (wglocity of water (10m length of string
with float); and(v) percentage of bankside vegetation covering channel (10m stretch
estimated visually)Replicates oftie habitat variables wetakenthree times at the
start, middle and end of the sampling site transgcbviding a more precise
understanding fothe environmentThe same procedure was repeated on subsequent
visitations to the sampling site, if the period between previous analyses exceeded 14

days. See Appendix 1 for a template of the habitat data score sheet.
3.3 Specimen Sampling

Cast nettingusing a 10mm mesh net), the standardised method for catching
pelagic fish used by local fishermen,called catch per unit effort (cpuéor each fish
to be calculated and therefore the overall species abundance. Casts were thrown at 10
metreintervals tovards alternating sHalWw areas close to the bankside. Caught fish

were removed from the net within 38condsand transferred to a container iléed
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with water from the habitat. Specimen survival was a key objective; therefore
reducing periods out of Wer was essential, in addition to immediate release of the
specimen once every measurement was taken. All specimens were identified to
species level using species guide and key provided by Atack (20@6)nger and
Chin (1962. For each specimen, measussts of weight (portable scales0.1g
accuracy) and body length (standard length taken from snout to base dfrtari])
were taken Tail length was omitted from body length measurement as a standard
practice in recording fish morphologpdditionally, a caudal fin tissue sample was
also collected (using scissors, forceps both sterilisesiibmerged in ethanol and
flamed) from each specimen caught and stored in an ethanol filled Eppéehtisrf.
allowed the identification oputativerecaptures and the aph of genetic analysis in
future studies. No incidents of specimen recapture were recorded during sampling.
Data collection took approximately 3 muitesper specimen, and so time spent
at each site was dependent on length of transect and number of spegimhens

(usually 23 hours.

3.4 Statistical Analysis

MINITAB 16 Software was used for all statistical analysis.

Analyses of species abundances weakeulatedoer sampling siteising catch per
unit effort (cpue) as an index of relative abundafidaunder and Punt 2004 and
Maunderet al.2006) The calculation relies upon the assumption of relating catch to

abundance and effort, using the equation:

CH/Et = gNt

Where:
Ct = Catch at time t, Et = Effort expended at time t, Nt = Abundance at time t,
g = Portion of the stock captured by one unit of effort, making cpue proportional to

abundance, cpue = Nt.

Species diversity was calculated for each sample site usirfghtrenoAwWiener index

(H', Spellerberg and FedoR003). The calculation relies upon the assumption that



individuals are randomly sampled from an infinitely large community, using the

equation:

H'=-x plIn pi

Where:

P. = proportion of individual.

From this, the Shannon evenness meagufg¢the atio of observed diversity to

maximum diversitywas calculated\lagurran, 2004)

0 #/In$

Where:

S = number of individuals.

A Sorensen's index of similarity (QS, Dice, 1945) was calculated to show the

association of the fish species caughthi@ same habitat type:

QS = (2c/a+b) x 100

Where:
a= number of species found in site 1, b = number of species found in site 2, ¢

= number of species common to both sites.

To test for normality and homogeneityndersonrDar | i ng t est sts and
were run prior to further statistical analysis taking place; appropriate parametric tests
(oneway ANOVA) were used for normally distributed and homogenoat dfish
communities at each sjtésh body size and environmental analysisvater velocity,
temperatureand water depth[Log 10 transformed and nomparametric tests
(KruskakWwallis tests)were used for nomormally distributed or heterogeneous data

(fish body size and environmental analysipH, vegetation cover and bank wijlth

10



The number of species caught was compared uaingossedt-test methodto

determine if there were any significant differences between the species number in

river, tributary and oxbow habitats. Om@ay ANOVA tests were performed to

compare the species disty (H) , evenness (U) and Sorense
(QS) of differing habitat types.

Oneway ANOVA tests were performetb identify variance in habitat types
of normally distributed variablesyater velocity, temperature and water depth were
compaed betweemhediffering habitat types. Kruskalallis tests were performed on
nonnormally distributed variables; pH, vegetation cover and bank width were

compared between differing habitat types.

General linear models were run separately for eachespazidetermine which
habitat variable is the best predictor of species abundances, as wellraketstand
which combination ofhabitat variables affects species abundances. Stepwise
regression analysis was initially performed for each fish spaaiisidually to
determine environmental variables that significantly affected species abundance and
remove variables that did not affect the species abundakipba-to-Enter and
Alpha-to-Remove values of 0.0%vere used Appropriate variables established i

stepwise regression models were then fed into the general linear model.

Significant differences in fish body weight and length in differing habitat
types were tested usingarametric statistical analysif oneway ANOVAGOG ,sand
nonparametric statisti¢analysis ofKruskalWallis tests The weights and/or lengths
of fish species displaying statistically significant differences between habitat types
underwent poshoc analysis to investigate exactly which habitats showed |&igher
weightsand length§ uk ey 6s met hod was used on- speci
way ANOVA results and a series of Mahvhitney tests were used on species

displaying significant Kruska¥Vvallis tests.
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4. Results

4.1 Fish Communities

A total of 24 fish species from 12 families were recordadng sampling in
the Kinabatangan River during the wet season from October 20E2kouary 2013
(Table 1) The most species ridamilies werethe Cyprinidae (9 species), Ariidae (3)
and Siluride (3). A single species was caught from the familles abant i dae,
Bagridae, Channidae, El otridae, Engraulid
and ToxotOndeaei nvasi ve spetchheeeasmmwas pl den
Ptgmoplicht whiipardat ive t buBastdi Amev e cac
2/r31 V3e¢/r3, t raindédBabyw habitats dfpatrhdead Kisnab a
one of ei ght $becdiadbs t aa,s g tadonnds imsftaetnht ¢ ye di -

| owe st abundance in each habitat.
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Famil|Speci es Habitat/NumbeCat ch p €
caughef f(oapue
Anabantidae| Anabas testudineus | Oxbow 5 0.0075
Ariidae Arius maculatus Tributary 5 0.0075
Ariidae Hemiarius stormii River, Tributary,
Oxbow 20 0.0303
Ariidae Osteogeneiosus River
militaris 2 0.0030
Bagridae Mystus gulio River 2 0.0030
Channidae | Channa striata Tributary 2 0.0030
Cyprinidae | Barbonymus River, Tributary,
gonionotus Oxbow 99 0.1504
Cyprinidae | Cyclochelilichtys River, Tributary,
rapasson Oxbow 43 0.0653
Cyprinidae | Dangila sabana River, Tributary,
Oxbow 76 0.1155
Cyprinidae | Leptobarbus hoevenii| Tributary and
Oxbow 2 0.0030
Cyprinidae | Luciosoma pellegrini | River, Tributary | 15 0.0227
Cyprinidae | Nematabramis everett Tributary 23 0.0349
Cyprinidae | Osteochilus ingeri River, Tributary,
Oxbow 161 0.2446
Cyprinidae | Puntius orphoides River, Tributary | 17 0.0258
Cyprinidae | Rasbora tornieri River, Tributary,
Oxbow 178 0.2705
Eleotridae Oxyeleotris marmoraté River and Oxbow | 5 0.0075
Engraulidae | Setipinna melamochir| River, Tributary | 4 0.0060
Loricariidae | Pterogoplicthys River, Tributary,
pardalis Oxbow 6 0.0091
Megalopidae| Megalops cyprinoides| Tributary, Oxbow | 73 0.1109
Pangasiidae | Pangasius River
hypophthalmus 3 0.0045
Siluridae E;);\?;cr)]pgﬁéus River, Tributary 16 0.0243
Siluridae Ompok bimaculatus | River, Tributary,
Oxbow 318 0.4832
Siluridae Wallago maculatus Tributary 1 0.0015
Toxotidae Toxotes chatareus Tributary 2 0.0030
Table 1:List of families, species, habitat preferences, number caught and cat
unit effort in three habitats of the freshwater fish caught in the Low
Kinabatangan Floodplain.
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The relationship between species number and diversiysttbwed a positive
trend in habitats (ttest river vs tributaryt= -0.28, df=4, p=0.791river vs oxbow,
t=2.67, df=4, p=0.05@ributary vs oxbowt=2.62, df=4 p=0.059; Figure).3

2.5
R2=0.6278 A
2 |
. A
T1s 'Y
2 /‘
o
21
o
[ ]
05 River= " R
Tributary=
Oxbow= °
O T T 1
0 5 10 15

Species number

Figure 3: The relationship betweéish species number and species diversity) (olr
each study site with habitat type displayed.
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There waso significant difference in terndf fish species abundancepue F=0.88,

df=2, p=0.463, species diversity (HF=2.33, df=2,p=0.179) s peci es egvenne :
F=1.04, df=2, p=0.410 and Sorensenoés I, Fdl®5% df=®f Si mi
p=0.409 between habitats (Fig. 4).
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Figure 4 Interval plots displaying the meavalues of speciesabundance (cpue
diversity (H) , evenness (U) and Sorensenos
type. Standard error bars included.

4.2 Environmental Analysis

Watervelocity (F=55.47, df=2, p=0.004 temperaturg¢F=34.80, df=2, p=0.003 pH,
(H=7.20, df=2, p=0.027percentage vegetation covgi=7.62, df=2, p=0.022)bank
width (H=6.49, df=2, p=0.039and water deptifF=21.44, df=2, p=0.0023ll varied

significanty whenhabitat typesvere compared
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Mean valueof water velocity, temperature, pH, percentage vegetation cover, bank

width and water deptivere calculated at each study sis@own in Figure 6
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4.3 Species Abundance

Water velocity (F= 12.03, df=1,p=0.018)was shown to be aignificant
environmental predictoof Ompok bimaculatusspecies abundancé&Vater depth
(F=21.20, df=1p=0.003 was shown to be a significant predictorRdsbora tornieri
species abundancé&H (F=257.43, df=1,p=0.04), bank width = 332.88, df=1,
p=0.035) and water depth (F=228.30, df=£0®42 were shown to be significant
predictor factors of Osteochilus ingerispecies abundanceCombinations of
environmental factors as predictors of species abundances were also displayed: water
velocity and temperatur@-=12.68, df=1p=0.016)for O. bimaculatusaswell aspH
and bank width(F=333.39, df=1,=0.035), pH and water deptk£219.03, df=1,
p=0.043), bank width and water dep#r38.69, df=1p=0.041) and pH, bank width
and water depthH=230.50, df=1p=0.043 for O. ingeri

Species

Weight Analysis of

Variance

Length Analysis of

Variance

Barbonymus gonionotus

KW; df=2,p=0.0@

KW ; df=2,p=0.001

Cyclochelilichtys

rapasson

OA; df=2,p=0.03

OA; df=2,p=0.0@

Dangila sabana

KW; df = 2,p = 0.012

KW df = 2,p = 0.001

Hemiarius stormii

KW; df = 2,p = 0.003

KW df = 2,p = 0.002

Kryptopterus parvanalis *

OA;df=1, p=0.706

OA;df=1, p=0.378

Luciosoma Pellegrini *

KW;df=1, p=
0.083

OA; df=1, p=0.097

Megalops cyprinoides *

KW;df=1,p=0.138

KW; df=1,p=0.018

Ompok bimaculatus

KW; df= 2,p = 0.0Q

KW; df= 2,p = 0.0B

Osteochilus ingeri

OA; df = 2,p = 0.0G!

OA: df=2,p = 0.0B

Oxyeleotris marmorata *

KW; df=1, p=1.000

OA; df =1, p=0.900

Pterygoplichthys pardalis

OA; df =2, p=0.679

KW ; df=2, p=0.304

Puntius orphoides *

OA;df=1,p=0.775

OA; df=1,p=0.709

Rasbora tornieri

KW df = 2,p = 0.0@

KW; df = 2,p = 0.0

Table 2 Oneway ANOVA (OA) and KruskalWallace KW) test values fo
body weights and lengths of fish specitegind in differing habitat types
significant values highlighted in yellow. * = Species only found in 2 laggit

17



4.4 Fish Body Size

Body weights and lengths of various fish species dffesignificantly between
habitatgTable 3. Dangila sabanaandOmpok bimaculatushowedincreased weight
and length in riverine habitats in comparison to tributary and oxbow habitats
Barbonymus gonionotugiemiarius stormiiand Rasbora tornierishowedincreased
weight and length in riverine and tributary habitats in comparison to okiadoitats.
Cyclocheilichtys rapassoandOsteochilus ingershowedincreased weight and length

in tributary habitats in comparison to riverine and oxbow habitats Theiespec
Megalops cyprinoides/as only found in two habitats and was observed to be longer

in tributary habitats compared to oxbow ofi€able 3.

18



Species Weight Posthoc Analysis | Length Posthoc Analysis
Barbonymus MW ; Riv>Trib MW ; Riv<Trib
gonionotus (p=0.2568), Riv>0Ox (p=0.5263), Riv>0Ox

(p=0.000), Trib>0Ox
(p=0.0048

(p=0.0004, Trib>0Ox
(p=0.0016

Cyclochelilichtys

TM ; Riv<Trib (p<0.05,

TM ; Riv<Trib (p<0.05,

rapasson Riv>0x (p>0.05), Trib>0Ox| Riv>0Ox (p>0.05),
(p<0.05 Trib>Ox (p<0.05
Dangila sabana MW : Riv>Trib MW :; Riv>Trib

(p=0.0130, Riv>0Ox
(p=0.0413, Trib<Ox
(p=0.0290

(p=0.0018, Riv>0x
(p=0.0120 and Trib<Ox
(p=0.0172

Hemiarius stormii

MW : Riv>Trib
(p=0.1832), Riv>0Ox
(p=0.0058, Trib>0x

MW : Riv>Trib
(p=0.0562), Riv>0Ox
(p=0.0058, Trib>0Ox

(p=0.0043 (p=0.0043
Megalops N/A MW ; Trib>Ox (p=0.0180
cyprinoides
Ompok bimaculatus MW ; Riv>Trib MW ; Riv>Trib

(p=0.0®2), Riv>0Ox
(p=0.0002, Trib<Ox
(p=0.0328

(p=0.00@), Riv>0Ox
(p=0.0002, Trib<Ox
(p=0.0511)

Osteochilus ingeri

TM ; Riv<Trib (p<0.03,
Riv>0Ox (p>0.05), Trib>Ox
(p<0.09

TM; Riv<Trib (p<0.05,
Riv>0x (p>0.05),
Trib>0Ox (p<0.05

Rasbora tornieri

MW ; Riv>Trib
(p=0.1822), Riv>0Ox
(P=0.®M54), Trib>Ox
(p=0.0062

MW ; Riv>Trib
(p=0.0664), Riv>0Ox
(p=0.0%2), Trib>Oxb
(p=0.0059

Table 3: Mann Whitney W) andTu k ey 6 s TMEg test gatlies (fo
differences inbody weights and lengths of fish species found in diffe
habitat types, significant values highlighted in yellow.
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5. Discussion

There was no difference ithe community composition betweedneshwater
fish populationsin the Lower Kinabtangan Floodplain habitats. nEronmental
factors diffeed significantly between habitat typeand the variablesof water
velocity, temperaturepH, bank width and water deptian be used to predicertain
species abundancesize specific habitat ushas been showiny a number of species,
with smallerindividuals exhibiting a prference for oxbow lake habitats; this indicates
that thehabitats are being used nurseriefy juvenilefish. All species caught were
recordedandthed Lower Ki nabatangan Freshwater Fi s

for future use at Danau Girang Field Centr@andix2).

5.1 Environmental Variables in Relation toFreshwater Fish

Communities

The evaluation of environmental variables and their impacts upon species
abundances and commungfructurecan be used as the first step in countering threats
to fish populations caused by habitat degradation and disturl{@uceon 2000
Dudgeonet al. 2006) In this study environmentalariables have been demonstrated
to differ between habitat typesjean water velocity is shown to be faster in riverine
study sites compared to tributary and oxbow sites, with oxbow study sites showing
water velocityreadirgs of Om/s (standing water). at& temperature and pH values
are shown to bdowest at river sites and increasidtributary sites befe further
increasing in oxbowdHighervalues perceiveth oxbowsmay be in diect correlation
to decreasedatea velocityand increased growth of aquatic plartaWan and Sumin
2012) Percentage vegetation cover was shown to be almost identical at river and
oxbow sites with 10% coverage, whilst tributary sites showed coverage between 40
and 60%. Finally the watechannel dimensions results showed bank widths of
betweenl00-150 metresfor both riverand oxbow sites with tributeasall displaying
mean values below 3Metres Water depth results shegriver sites to be slightly
deeper tharributary sites, with oxbws being deepest.

Despte the significant differencefund in the environment afach habitat

type, fish community composition was not shown to diffeith species abundance
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(cpue),species diversity s peci es evenness ( Ugmilasitpd Sor e
(QS showing no significant difference between habitats.

Similar levels of species abundarmefish communitiedound in each habitat
(Fig. 4a) may be explained by the period in which sampling took place; between
October- March high rainfall ¢vels caused flooding of the forest asdhereforein
correspondnce withmany fish spawning seasons and ihereasedistributions of
species among floothin habitats (Fleckefl992; Hoeinghauset al. 2006). Lateral
migrations of freshwater fish tareas ofhigh allochthonousnput, such as riverine
flooded forests, tributaries and oxbow lakes, is observed to be combined with the
seasonality of rainfall (Arantest al. 2011). The majority othe presenstudy period
was consequently undertaken atime when large numbers of migratory fish were
present in all habitats and could therefore be a reason for rendeegnge, tributary
and oxbow habitatsvith a similar species abundan@&honget al. 2010; Dudgen
2000)

Community composition analysis this study highlightegpecies diversity in
differing habitats displayed no differen(féig. 4b} this finding echoes other research
carried out in Sabah, which suggests #acies diversity levels in healthy habitats
are ecologically stable armhy ncrease in community diversity may reflect habitat
disturbance. (MartirSmith 1998y Martin Smith and Hui 1998) The resemblance
exhibited by all habitats could therefore suggestthgatommunitiesreside. The
di fferentiation betcwesegmntdehmsa lwalthy dpseaoegpd séedi
of distress defined by easured characteristics or indior® ( Ra p p;dNoriis 19 8 9
and Thons 1999 Measurement of aquatic biota has been accepted asseassment
of river heath, including measurement of fishpecies richness, abundance and
community composition(Karr et al. 1986; Norris and Tloms 1999. The fish
community in the present study did not display any evidence of distress and therefore
suggest the presence of a healthy community in the Kinabat&iganhabitats (Karr
et al.1986).

The species evennesst communitiesin this study also displayed no
differencebetween habitatd=ig. 4c) this finding again implies healthy communities,
as it suggestthere is not a sole species dominating the habitat, however, there are a
number of species occupying ecological niches (M&tmth and Hui 1998).
Through resource partitioning in the fish community an increased number of species

may exist in one habitathis works on the principal that each species occupies a role
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in the community, the&fore the ecosystem does ndiren a single organism to fulfil
certain ecological processdddtthews, 1998)

Finally the series of prdyitestsunderakerBior en s e
this study reinforced thefindings, that all habitats showed similar species
compositions(Fig. 4d) The outcomes suggest that the changes in environmental
variables display little effect on overall community composition and bevdity
when dealing with healthy ecosysterkndings suggest habitats all display healthy
fish communitiesthis is surprising considering palm oil plantations run alongside two
of the tributary study sites and are in close proximity to otflerg. 2). The study
sites situated directly adjacent to plantations have not shown any significant
differences in comparison to other sjtashough not fully surrounded bie riparian
forestzonesthe tributaries are still able to maintain a healthy ecosysteefalthe
mitigating input provided by the parts of forest that are surrounding the water bodies
(Dudgeoret al.2006). If this is the case, existimngparian zone$ocated near palm oil
plantations are even more vital to ecosystems thann-fracturedforests meaning
any further forest conversion should be protected agafastexample Koh and
Wilcove (2008) have suggested any future oil palm agricultural expansion is limited
to preexisting cropland or degraded habitafgnservation projects haveciosed on
the reestablishment of riparian areas; these inclsit@tegies likehe revegetation of
pasture areas in riparian zon@s Northern Australia (Pusey and Arthington 2003)
and redevelopingecondaryforest inMalaysian Bornedlwataet al. 2003).lwata et
al. (2003) found that stream systems that had suffered from loggi2@ Pears
previously showed signs of recovery through the redevelopment of the secondary
forest riparian zones; this was facilitated via the reconnection of forest remnants in
riparian areas.

Although diversity in habitats was shown to be consisteete was evidence
that when species numbeincreased so didiversity levels in théhabitats (Fig. R
This positive relaionship shows thasites with & increasedspecies number also
displayed higher levels ofspecies diversity, such as tributary and river study sites.
The importance ohaving increased species number and therefore biodiversity in an
ecosystenis that maintainingecological services during enviroemtal changes is
more probable; this idue to a higher probability cfpecies adaption due to niche
constructionDay et al.2003 Williams 1998.
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The diversity of freshwater fish found in the oxbow lakes of the Kinabatangan
floodplain is affected by thenvironmental variables of dissolved oxygen content and
nutrient level{Henget al.2006) One of the drawbacks of the present study thas
water quality measurements were not possiblack of equipment to quantify
dissolved oxygen content, nutriemvEels and heavy metal presengas a problem.

The pollution levels of each habitat may have provided a much clearer idea of

chemical factors affecting fish communities.

5.3Single Species Abundanaedd their Environmental Predictors

Investigation intoenvironmental effects upon single species abundances in different
habitats identified a number of significaathvironmentalindicator factors.Water
velocity andtheinteractingfactors of water velocity and temperature were significant
environmental factors in predictif@mpok bimaculatuspecies abundancepé&ies
abundance levels were larger in habitats with higher water velcti#gcombined
with decreased temperatyresuggesting individuals of O. bimaculatushave a
preference for riverineconditions Habitat preferencenay be due to the éeling
practicesof this species faster flowing waterssuit this omnivorous catfish, with
vegetable matter as well as smaller fish and crustaceans comprising the majtsity of
diet (Arthiet al.2012; Inger and Chin, 1962

Water depth was a highly significant factor in predictRgsbora tornieri
species abundance; habitats with deeper waters displayeldigher abundance
suggestinghat the species has a preference for conditions in oxbow lake habitats.
Inger and Chin (1962) suggest the species mainly feeds on insectsttedfitaling
of fragmentscontained in digestive tracts. Findings also propose the species prefers
clearer,un-turbid waers due to being insectivorougiese suggestionik to the
resultsin the present studgf preference tamxbow lake habitat displayed by the
species

PH, bank width and water depth as well as a combination effect of all of
these were significant environmental factors in predic@sgeochilus ingerspecies
abundancghabitats with alkahe conditions as well as larger tdlawidths and deeper
watersdisplayed higher abundanc¢ébus suggestinthe species has a preference for
conditions in oxbow lake habitat©bservations made binger and Chin (1962)

suggesed the species is a detritus feeder dmtoms,fungal hyphae, fragments of
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vascular plants and arthropod fragmentsvere foundin the guts of examined
speimens.Inger and Chin (1962pbservedspecmens in deeperpools with less

turbidity, supporting the findings of the present study thas #pecies prefer lake
habitats.

After identifying fadors that affect species abundances it is possible to
pinpoint conservation strategiefor the general fish population othe Lower
Kinabatangan floodplainFor example,O. bimaculatusis an important food fish
species to the local community and throughasia. Although this species isvidely
distributedthroughout Asia mainly in India, Pakistan, Bangladesh and Sri Lanka
there islittle empirical dataencompassing species abundanwethin its range
However inindia over exploitatiorhas caused thispeciedo become categorised as
endangeredunder thelnternational Union for Conservation of Nature and Natural
resources (IUCN) criterigCAMP 1997 Pradhanret al. 2013). Maintaining healthy
populationsof this fish is importantbecause of its value as a food fish to the local
people.The threat of over exploitationas beerdemonstratedn other areas of Asia
andsustainable practicdgve beertonsideredNot only should over exploitation be
monitored but there should be extra efforts focusing on tpeoduction of
conservationapproachesaiming to reduce any habitat degradation in the form of
altering water velocityand flow dynamics Such ecosystem managemeptojects
have highlighted the need forrgarian buffer zonearound freshwater ecosystems
(Krameret al. 2013), enabling soil erosion levels to teeluced andgmproving water
quality as well as ensuring allochthonous food input is maintained (Dud2@od).
Using O. bimaculatusas a species indicator for habitat disturbance may be a
possibility, previous studies carried out in Sabah (Mea®tinith 1998, Chonget al.
201Q Harris 19995, suggested the use of endemic species to signal habitat
degradation, however more detailed studies would be needed to suppioitdhihe
abundances of species indicators can be monitored in order to measure any
environmental changedartin-Smith (198a) suggested the speci€x chini and
Garra borneensis(neither caught in this study) could be usedirdicators of
disturbance in Sabah streams, after the study identified significantly lower species

abundances in logged areas.
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5.3 SizeSpecificHabitat Use

Sevenof the24 fish species showed significant weight and length differences
between habitats and one species showed significant length differences between
habitats.For all species, individuals in riverine atributary habitatsvere larger than
those fromoxbowlakes. This may be due to differing threats fingoredation (Martin
Smith199&), differing feeding behaviours (Jackseinal.2001) or a combination of
these factors involving age related habitat use (Hoeinghiaals2006). Oxbow lakes
have been suggested to act as nurseries for juvenile fish species until they are large
enough to migrate to faster flowing habitats (Jacksbal. 2001) and there has also
been a specific study into thexbow lakes adjacent to the Kinalmigan Rver by
Henget al. (2006), that suggestower levels of predatory fish ay@esentn lakes.
Resultsf r om t he present study support Hengo
predators likeSetipinna melanochirChanna striatusand Oxyeleotris marmorata
were found in oxbow lakgseeTable ). The apparent habitat preference of juvenile
fish to oxbow lakes can be used to build conservation strategies; regulating fisheries
in these nursery areas, encouraging the practice of returning juveniles if caught,
controlling the size of mesh net used in these habitats will reduce the risk of species

extinctions and suain biodiversity (Dudgeo2000.

5.4 Conclusion

The study has gone some way to take stotkhe freshwater fish species
found in the LowerKinabatangan Bodplain, with species biodiversity and
community structure exhibiting a healthy $atus despite ever encroaching
anthropogenic pressuré¢ikarr et al. 1986) Relevant conservation strategies are still
important to ensure the safeguard of this ecosystem; includinggithiercementof
riparian buffer zones adjacent to water bogwdsich are threatened lonversion to
agricultural oil palm (Kramer et al. 2013 Koh and Wilcove 2008)and the
reconnection of forest remnants in riparian areas (Iwatal. 2003). Oxbow kkes
have been identified as possible nurseries for juvenile fish and theretpriee the
regulation of fishing practices. Further investigatiatoifishing levels in all habitats

during spawning seasamould assist in the preservation of juvenile fish numbers in
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the area, allowing biodiversity to be maintaindthe current research was also
undertaken during one wet season therefore only givisgagsbt of biodiversity;
future studiesshould focus on investigating whether fisltommunity structure
changedghroughout the yeaor over a longeperiod, thus providing more detailed
understandingof population patterns and help construagpropriate ecosystem
management strategi€@udgeon 200Q)The constraint of being unable to carry out
water quality assessment was also a limitation of ghesentstudy, any future
researchshould aim toevaluate the effectdissolved oxygen content, nutrient level
and heavy metal presenae water bodies have upon freshwater fish communities

(Heng et al. 2006) Continued study into the use of species indicators, sudb. as

bimaculatus as signals for habitat degradation could justify the extension of the

present projecand focus on more specific management strate@iesservation goals

aresometimedimited or just unobtainable with the extreme human population growth

affecting Asia, it may therefore be more realistic to aim for a compromised
conservation approach, as Charles Eltwho was so influential in the establishment
of modern community ecologwrote, we should be6 €1 ooki ng f or

principle of ceexistence between mand@nature, even if it has to be a modified kind

of man and a modified kind of natur e.

(Elton 1958p. 145;Dudgeoret al.2006)
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8. Appendices

A p p e n (Habxat data score sheet

Date: Time: Number of fish caught: Number net casts:
Weather:
Site details Channel dimensions

Site name

Habitat type
GPS Start + End |

Flow rate (m/s) [ ) Standing( )

Habitat 1 2 E]
Margin
Central

Bankside vegetation (proportion of bank length)

Plantation

Elephant Grass
Forest (closed canopy)

Farest (open canopy)

Other (if so specify)

Measurement 1 2 3

Bank width [m]

Water depth (m)

‘Water clarity (1-5; 1= good, 5= poor):

SUrrounding lana use (please circle):
Forested Plantation

Vegetative cover of channel

Percentage cover %

Level of pollution (1= high, 5= no signs of pollution):

Details:

Bank structure (proportion of bank length)

Tree roots

Undercut {>10m)

Canopy cover (>0.5m above water surface)

Canopy cover (<0.5m)

Other

Other aquatic organisms caught:

Notes:

Photo 1D:
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Appendix 2:Lower Kinabatangafreshwater Fish Database
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