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Abstract

Nullah Aik and Nullah Palkhu, tributaries of ChenBbver, Pakistan were studied to assess the impdcts
environmental factors on diversity and distributafrfish species at 18 sites on, from Septembed4206 April 2006. A
total of 1506 fish specimens were recorded fronsifies whereas zero fish capture was recorded foaumdites located
in close vicinities of Sialkot city. Highest spesiechness and abundance diversity indices (ShaandnSimpson)
were recorded during post monsoon season as codnfzapee monsoon. In case of spatial distributimyhést diversity
indices were recorded from upstream site of Nukdk and down stream of Nullah Palkhu during postnsmon
season. Most of the fish species were restrictaghbsiream of Nullah Aik during pre monsoon whilstref sites did
not showed significant fish distribution. To evdkidhe relationships between species abundancemntbnmental
variables in longitudinal zones of streams, Caranéorrespondence analysis (CCA) was used. Out3ofatiables
such as stream morphology (Stream flow, depth k) f physicochemical parameters (DO, COD, turlgidind NQ’)
and metals (Na, Ca, Fe, Pb, Cr, Ni and Cu) useth®explanation of species distribution data Cation analysis with
the direct gradient technique of the CCA was pentmt to study the association of these environmeuatedmeters to
species composition. CCA identified overall threeups (upstream fishes, downstream fishes and yvksiributed
fishes. Fish assemblage at upstream sites was catiwedy stable through out the year; however, detwaam of
studied streams severely affected during pre mansBresent study is a major step in exploring thectire of fish
assemblage in Nullah Aik and Nullah Palkhu. It vebbk helpful in efforts for protection and rehahiiion of habitat
and conservation of fish assemblage at local agidmal level.
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1. Introduction

The diversity and spatio-temporal distribution pait of fish assemblage in stream is highly infllezhdy
variations in lotic ecosystem (Taylor, 1997). Theseiations are resulted due to environmental factoside the
stream (Tayloret al., 2006). In intermittent streams environmental u\@sizs are of great importance for fish
assemblage as compared to continuously flowingastse (Pireset al, 1999). Environmental factors such as
physiochemical parameters of water quality and thalstructure determine the structure and compwsitf fish
assemblages inside the stream (Casttal, 2006; Aparicioet al., 2000) and result in change of the ecological
equilibrium (Lyons, 1996; Karr, 1986). Habitat stture and physiochemical quality of stream watemrehaeen widely
used to explore the relationships with fish assagl(Casattet al.,2006). Fishes aggregate into co-existing groups to
form complex assemblages of species in pristin@@racosystem (Lamourot al, 2002; Pusey and Kennard 1996).
Association of different species in food web isadighte and complex phenomenon that has evolved long time
period. Physical habitat and stream water qualigy\eery sensitive to human pollution (Casattial, 2006). Aquatic
communities, especially fishes reflect the intgnsit degradation in streams and rivers (Das andk@ibarty, 2007;
Wichert and Rapport, 1998).
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Streams which experience irregular flow are mortnenable to anthropogenic activities (Paul and Mgye
2001) such as industrial effluents, municipal seayamnd surface runoff from urban and agricultuaald, which alter
the water quality and habitat structure of stre@adjret al, 2008; Singtet al.,2005). Change in water quality due to
untreated industrial effluent and municipal sewageonly increases the load of pollutants to stiednit also put the
fish fauna under stress (Daesal.,2003; Matthews, 1998).

Fish assemblages have been used as an indicaaviobnmental degradation (Arunachalam, 2000; St
Hall, 1997). Fish diversity in streams and rivess donsidered as a diagnostic tool to highlight ttmpact of
environmental changes (Das and Chakrabarty, 2Q@8f of fish species diversity determines the sgvef habitat
degradation of an aquatic ecosystem (Ganasan aghddu1998).

Structure and composition of fish assemblage inptrate streams exhibit prominent temporal variation
influenced by habitat characteristics and physicertical characteristics of water (Magalh&ssal, 2002). The
temporal distribution patterns of fish assemblagied water quality are directily or indirectly infloced by the flow
regime (Godoyet al.,2002; Grossmast al.,1990). Most of the streams and rivers in oriengglian exhibit high flow
during monsoon season and experience low flow eugit during pre monsoon season, which determimattiucture
of fish communities in the streams (Piegsal., 1999). Fish assemblages of such streams are ddaptew and high
stream flow to attain ecological equilibrium inHigopulation. However, anthropogenic factors suglpallution load
from industries and municipalities, water abst@ttnd introduction of alien species highly desitabihe equilibrium
of fish assemblage (Pires al., 1999). Unwise human activities in the catchmestateteriorate the water quality and
disrupt the integrity of fish assemblage, whichutess vanishing of native fish species or appeagasfcexotic species
in an ecosystem (Lyons, 1996; Kat al, 1986). Any change in species composition duaddition or deletion of
species may disrupt the functional and functiongddrity of an aquatic ecosystem (Lyons, 1996).

Influence of environmental factors on structure &mttion of fish assemblages in streams have baetied
in several countries (Bhat and Magurran, 2007;nd &elwick, 2005; Akin et al, 2005; Bhat, 2004; 3aat al.,2003;
Magalhdeset al, 2002; Gafnyet al., 2000; Belliardet al., 1999; Snodgrasst al, 1996). Diversity indices and
multivariate statistical techniques are commonlgduto highlight the role of various important elvimental factors
that contributes in explanation of fish diversitydadistribution along longitudinal gradients (Kaeld Peterka, 2003).
Multivariate techniques like Canonical corresporageanalysis (CCA) provide information regardingreat status of
fish distribution in relation to environmental vabies (Akin et al., 2005; Inoue and Nakano, 20040ltivariate
technigues have been useful in decision makingh@mrestoration and management of degraded streach assess
the impact of disturbance and identification oftéas contribute in deterioration of stream ecogyster effective
stream management (Qadir and Malik, 2009; PaulMeger, 2001). Major restoration efforts for intetrant streams
are underway in many parts of the world (Paul anely®l, 2001) and restoration efforts have been sstuky
implemented. Unfortunately, in developing countiiiks Pakistan, no restoration efforts for strezans rivers have
been made so far (Qadir, and Malik, 2009). Inforomatrelated to role of environmental factors in @hg the
distribution pattern of fishes in streams and 8visr completely lacking. It is important to colldmseline data about
biotic (fish assemblage) and abiotic (environméntaimponents of stream/river ecosystem before ¢gakiny step
towards restoration and management of a streamgens. The objectives of present study are:

» to assess the fish species diversity in Nullahail Nullah Palkhu,
e to explain the pattern of spatio-temporal variagiomdiversity and composition of fish assemblage a
to explore the role of environmental variablesigh fdistribution.

2. Materials and methods

Present study was focused on Nullah Aik and Nufalkhu (3224- 3237 N and 73%9- 7502E) tributaries
of river Chenab (Figure 1). These streams run |ghrltbm east to west wards and join each otheofgefalling in
Chenab River at Wazirabad city in District Gujrataval he average annual precipitation in there catafts area is
950 mm and major share of rains is received dutirgmonsoon period. Most of the floods follow ré¢isigl in
deposition of new alluvial soil in catchment areabjch come from sediment of Pir Pangal Range ab glains of
upper Rachna Doab (Region between river ChenaliRani.

Climate of the region is mainly sub-tropical wittwell defined by rainy season between (July to &aptr),
autumn (October and November), winter (Decemberkaigtuary),short spring (March and April) and atigkly dry
pre-monsoon (summer betweenMay and June). Thematdharea of Nullah Aik and Nullah Palkhu is thet pef
upper Rachna Doab (Region between River ChenalRawmi). The great plain of Punjab started from thpar parts of
Rachna Doab with an average slope (0.37 m/km), whiadually decrease from North East to South ettangir et
al., 2002). The upper part of Punjab plain orighdlatiuring late Pleistocene alluvial deposition froesser Himalayas,
which is approximately 200meter thick (Greenmaalgt1967). The soil is predominantly alluvial adrying textural
classes such as clay and silt loam while sandy adnsandy clay loam also prevail in the region.
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Figure 1. Map of study area showing sampling sitested on Nullah Aik and Nullah Palkhu; tributarief River
Chenab, Pakistan

Nullah Aik receives water from springs in easteant® of Jammu district and from heavy rains inujpper
catchment area. The resource utilization of Nuldék and Nullah Palkhu started 5000 years ago iniv/é&tfa, when
Raja Salivahan founded the Sialkot named as S4Ralpulation and Censes organization, 2000). Rdjgéd®an and
his son (Raja Rasalu) invited the people from waiparts of Northern India to come and settle alkst.

Nallah Aik and Nullah Palkhu which have been sulgjddo severe alterations of their habitat andomes
localities deterioration of water quality is at thise due to the industrial effluent and municipaste from their
catchment areas (Qadir and Malik, 2009). Eighteempding sites were selected on Nullah Aik and NulRalkhu
based on the expected level of impairment from stiilel and municipal waste. Sampling was condudtedpost
monsoon and pre monsoon seasons from Septembet, ta00Quly 2005. Thirteen water quality variablege@m
morphology, physiochemical and metal contents) vaeadysed as described by Qaatiral. (2008).

Fish samples were collected from each site usimigtyaof fishing nets of varying mesh sizes as sstgd by
Bhat (2003). All sampling sites were intensivelyngded in an effort to capture as many fish speapossible in
proportion to their abundance (Matthews, 1985).tQ@pl fish specimens were transferred immediately stream
water filled tubs place on stream bank to redueectitances of fish mortality. Maximum five specimehgach species
were packed, labelled in separate polythene badaceg in icebox and transported to laboratory with2 hours for the
purpose of identification and further chemical gsid (Van Aardt & Erdmann, 2004). The remainingcipens were
released back into stream water at the same pwoint Where fish was captured (Ganasan & Hughes,)1#88eased
fishes were only native, whereas, exotic fishesevnat returned back to the stream. The juveniteeBswhich have tail
length less than 20mm, were excluded because de@qecy in their capturing (Helnet al., 2005). Taxonomic
identification and classification was done on tlesi® of morphometric characteristics up to the iggelevel. Fish
species were identified following regional keys (&4 & Bhatti, 1993; Mirza, 2003; Talwar & Jhingrah991;
http://www.fishbase.org).

Shannon index (H") and Simpson index (D) were usethlculate fish species diversity (Lima-Junietral.,
2006; Magurran, 1991) at different sampling sitesry post and pre monsoon seasons.

CCA which is a direct gradient analysis was usedligihlight the relationship between fish distritmmtiand
environmental variables (Malik and Hussain, 2008LCA is an eigenvalue based technique applied owmiepe
abundance data in relation to environmental vaemlfstream morphology, physiochemical and metatemmation)
during post monsoon and pre monsoon seasons ati@lisg sites located on Nullah Aik and Nullah PaikStrongly
correlated variables were excluded from this anmglysing Pearson correlation and 13 variables weseel (Pire€t al,
1999). Environmental variables viz; stream morplgstyeam flow, depth and width), physiochemicaliafales (DO,
COD, turbidity and N@) and six metals (Na, Ca, Fe, Pb, Cr and Cu) webgested to CCA. The sites representing
zero fish catch were also excluded from CCA. Twpasate CCAs were performed on fish abundance data w
environmental data sets recorded during post aadnansoon season (Ter Braak and Verdonschot, 1998t CCA
was applied to find out the relationship betweensjges and environmental variables (14 sites xn&iBenmental
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variables) and (b) between species and environmeatéables (24 species x 13environmental varigbfes post
monsoon. CCA for pre monsoon season was performedite matrix including 12 sites and x 13 environiaé
variables and species matrix which included 17 xeh8ironmental variables (Eggleton, 2004; Malik dtdssain,
2008). Monte Carlo permutation test with 1000 pgations was performed to check wheather enviroahen
parameters were significancantly correlated wish §pecies composition of plots (Pietsl.,1999). For Fish diversity
analysis and CCA, Multivariate Statistical Pack@ig¥/SP) was used (Kovach, 1999).

The coefficient of community loss depict the ramfecenarios to measure the intensity of changeechby
pollution which is a useful tool to take decisiar the management of species diversity in an aguatbsystem was
calculated using following formula as described ightt & Welbourn, 2002; Courtemanch & Davis, 1987):

I = (a-c)/b

where (1) is coefficient of community loss, (a)alobumber of texa from polluted section, (b) tatamber of

texa from unpolluted section and (c) number of tesamon in polluted and unpolluted zones.

3. Results

A total of 1506 individuals of 24 species (Table& &) belonging to 12 families and 19 genera weeorded
in two seasons (post monsoon and pre monsoon) Naltah Aik and Nullah Palkhu (Table 1a and b). Ab60.6% of
individuals belonged to ten species of family Cygmtae followed by 19.6% of individual o€hanna punctata
belonging to family Channidae. The remaining 29.8%relative abundance was contributed by family Mg
(8.7%), Heteropneustidae (6.7%), Ambassidae (2.Rb)opteridae (2.3%), Siluridae (2.3%), Osphronexmaidl.7%),
Mastacembelidae (0.1%) and Sisoridae (0.1%). Tlghdst species richness and abundance was recordedsi
monsoon after rainy season, whereas, lowest impresoon before rainy season.

During post monsoon season, 1141 fish specimens wagtured from 14 sites. Maximum species richness
(14), Simpson (2.29) and Shannon diversity inde8gCand 0.88) were recorded from upstream sitean¢l 2) of
Nullah Aik, which decrease to zero at sites locatedlose vicinity of Sialkot city. Fish speciesappear in far
downstream of studied stream (Fig hanna punctataand Puntius sophorespecies were the dominant species
recorded from 12 sites (Table 1b).

A total of 375 fish specimens were captured fromsit&s during pre monsoon. None of fish was reabrde
from six sites (3, 4, 5, 12, 13 and 14). Maximypedes richness (13) was recorded at site 2 locateghstream of
Nullah Aik with Simpson (2.19) and Shannon (0.88)edsity indices andChanna punctataand Puntius tictowere
recorded in high abundance from nine and eight 8agpites, respectively (Fig 2).

Changes in Species Composition along longitudinalr&dient and Distributional Patterns of Feeding Guils

Four trophic groups of fishes were identified vimyertivores, herbivores, omnivores and carnivoiresn
studied streams. Relative abundance for differeatlihg groups recorded from Nullah Aik was in ordevertivores
36.2% > herbivore 24.6 > Carnivore 24.0% > omniv@fel%, whereas, Nullah Palkhu exhibited differénend:
Carnivore 44.9 % > invertivores 36.5% > omnivore3®%4 > herbivore7.3%.

Invertivore fishes were generally small sized fsshahich mainly feed on insect larvae and other lsma
invertebrates. Among invertivores, two specigar{tius tictoand Puntius sophorewere found as ubiquitous species in
upstream and downstream sites, wher€&seobrama coti@and Parambassis rangahowed restricted distribution in
upstream of Nullah AikPolyacanthus fasciatusyhich an invertevore species was distributed fropstream and
downstream of Nullah Palkhu, whereas, no specinighi® species was captured from Nulluh Aik. Fiverthivore fish
species were sampled throughout the study area.speciesi(abeo calbas@andLabeo derd were restricted in upstream
of Nullah Aik, whereas, other three specikealfeo rohita,Cirrhinus rebaand Cirrhinus cirrhosus)were ubiquitous in
upstream and downstream of studied streams. Ommivophic group of fishes was consisting of fouea@ps. Out of
these, two speciesOfeochromisniloticus and Salmostoma bacaijawere common in up and downstream sites but
preferably present in upstream sites. One omnigpeeies Garra gotylg was restricted to downstream of Nullah Aik,
whereasHeteropneustes fossivgas common in downstream of Nullah Aik and NullaikRu. The largest trophic guild
was carnivore species consisting of nine fish gga\mong these carnivore speciébannapunctata,Mystuscavasius,
Rita rita and Wallago attu were distributed in upstream and downstream ofldlulAik and Nullah PalkhuSperata
seenghalaand Xenentodorcancila were distributed at upstream sites, wherdéastacembelus armatus, Gagata cenia
andNotopterusotopteruswere restricted in downstream of Nullah Palkhu.

The relative abundance of feeding groups of fiskuipnand downstream of streams in post monsoon end p

monsoon is given in Table 2. Among these feedingugs, maximum relative abundance of herbivores2¢bi.
captured from upstream of Nullah Aik, whereas, edblvorous species was recorded from downstreaNutidh Aik
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and Palkhu during pre monsoon season. Highestivelaibundance of invertivores (57.4%) was recorffedh
downstream of Nullah Palkhu during pre monsoonedtigsorous individuals were more abundant in upstreluring
post monsoon, whereas, abundant in downstreamdiit@sg pre monsoon. Highest relative abundancenafivores
(21.6%) was observed in downstream of Nullah Aikirly pre monsoon season. Carnivore species were afmmdant
in downstream zone throughout the sampling period.

Table 1. Richness (S), evenness (E), Simpson’ssitygH) and Shannon diversity (D) indices of &itg and (b)
fish species from Nullah Aik and Nullah Palkhu
(a)

Season Post monsoon Pre monsoon
Site # S H D S H D
1 14 2.20 0.86 8 1.4 0.67
2 14 2.29 0.88 13 2.19 0.85
5 4 1.22 0.65 0 0 0
6 4 1.15 0.62 1 0 0
7 7 1.47 0.68 3 0.99 0.60
8 3 1.01 0.61 1 0 0
9 4 1.09 0.58 1 0 0
10 7 1.76 0.80 4 1.23 0.66
11 5 1.39 0.73 2 0.68 0.48
13 1 0 0 0 0 0
15 13 2.16 0.84 3 1.02 0.62
16 10 1.99 0.83 3 0.9 0.56
17 12 2.10 0.84 1 0 0
18 5 1.39 0.72 2 0.34 0.19
(b)
Family Species Post monsoon Pre monsoon
S H D S H D
Ambassidae Parambassis ranga 2 0.29 0.15 1 0 0
Bagridae Mystus cavasius 7 1.73 0.80 2 0.66 0.47
Rita rita 4 1.32 0.72 1 0 0
Sperata seenghala 2 0.56 0.37 0 0 0
Belonidae Xenentodon cancila 2 0.63 0.44 1 0 0
Channidae Channa punctata 12 2.17 0.86 8 1.69 0.78
Cichlidae Oreochromis niloticus 5 1.30 0.68 2 0.38 0.22
Cyprinidae Cirrhinus cirrhosus 5 1.49 0.75 1 0 0
Cyprinus carpio 5 1.46 0.74 0 0 0
Cirrhinus reba 1 0 0 3 0.80 0.49
Garra gotyla 1 0 0 0 0 0
Labeo calbasu 1 0 0 1 0 0
Labeo dero 1 0 0 1 0 0
Labeo rohita 4 1.18 0.64 2 0.58 0.39
Osteobrama cotio 2 0.69 0.49 1 0 0
Puntius ticto 11 2.22 0.87 9 2.06 0.85
Puntius sophore 12 2.29 0.88 4 1.11  0.59
Salmostoma bacaila 2 0.59 0.40 2 041 0.24
Heteropneustidae  Heteropneustes fossilis 7 1.69 0.79 2 0.69 0.49
Mastacembelidae ~ Mastacembelus armatus 1 0 0 0 0 0
Notopteridae Notopterus notopterus 4 1.27 0.69 0 0 0
Osphronemidae Polyacanthus fasciatus 4 1.30 0.71 0 0 0
Siluridae Wallago attu 7 1.77 0.81 1 0 0
Sisoridae Gagata cenia 1 0 0 0 0 0
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Figure 2. (a) Species richness, (b) Shannon diyelsdices and (c) Simson diversity indices recdrdi®m various
sites recorded from Nullah Aik and Nullah Palkhu

Environmetal Relationship of Fish Assemblage duringpost monsoon and pre monsoon

CCA was applied on 13 significant environmentaliafales to highlight their relationship with distuition of
fish during post monsoon and pre monsoon in stusisEhms. The ordination plot of site and speaieses produced
from CCA shows the distribution of sites and speaneordination (Figure 3 and 4).

Table 2. Relative abundance of different feedirmpgrin up and downstream of Nullah Aik and Nullaikhu

Season Sampling zone Feeding group (%)
Carnivore Herbivore Invertivore Omnivore
Post Upstream of Nullah Aik 20.2 16.8 49 14
monsoon Downstream of Nullah Palkhu 46.7 6.1 28 19.2
Upstream of Nullah Palkhu 34.3 8.7 54.7 2.1
Downstream of Nullah Palkhu 49.4 7.4 28.4 14.8
Pre Upstream of Nullah Aik 8.5 54.2 255 11.9
monsoon Downstream of Nullah Palkhu 56 0 21.6 21.6
Upstream of Nullah Palkhu 52.5 10 37.5 0
Downstream of Nullah Palkhu 27.7 0 57.4 14.8
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Post Monsoon

First three axes of sites ordination for post monsaccounted 51.38% of total variance with moren tBal
eigenvalues (Table 3a). First axis explained aB8uU@4 % of the total variations with 0.4 eigenvadunel was correlated
to COD (r = 0.59), Pb (r = 0.51) and DO (r = -0.98Xis 2 descibed 11.6 of the total variations Withh5 eigenvalue
was correlated to stream width (r = 0.67), Cr (.59) and stream depth (r = 0.75) (Table 3b).

CCA ordinations for sampling sites during post nomrs season are given in Fig 4a-d). The samplires sit
located at upstream of Nullah Aik and Nullah Palkitere closely associated and grouped together etethside of
CCA axis 1. Furthermore, sampling sites locatedawnstream of Nullah Aik and Nullah Palkhu on tight side of
CCA axis 1. The sites located in downstream of &lulivere found to be closely associated with eaotrand showing
the similar composition of fish assemblages, whersites located at downstream of Nullah Aik wespersed on right
side of CCA axis 1. These dispersed sites indicatiations in composition of fish assemblages t&EssiTherefore, sites
located close to each other on CA plot exhibitsaeme fish species composition than sites locatefide each other
and showed differences in fish species compositsiream flow, stream width, DO and Bjl@nd Pb were associated
with upstream site of Nullah Aik and Nullah Palkiwhereas, stream depth, COD, Na, Ca, Fe, Cr andete related
with downstream of Nullah Aik and Nullah Palkhu.

CCA species ordination (species x environment) tiled three different groups of fish species farsp
monsoon (Figure 4c-d). Group 1 comprised of spewiegch were dwelling in upstream site consistifigeven species
(Parambassiganga, Labeo rohita, Labealero, Labeo calbasu, Osteobramatio, Xenentodorcancila and Sperata
seenghaly highly correlated to DO, N9 and stream flow. Out of seven, five speciBPar&émbassiganga, Labeo
rohita, Labeodero, Labeo calbasand Osteobramacotio) belonged to family Cyprinidae, whereas, remainiwg
Xenentodorcancila and Sperataseenghalaepresented the families Belonidae and Bagridepectively. Ten species
(Cirrhinus reba, Cirrhinus cirrhosus, Puntius sopkpPuntius ticto, Salmostoma bacaila, Mystus casmdRita rita,
Channa punctata, Oreochromis niloticaad Wallago att) were widely distributed in upstream and downstresnd
clustered in group 2. Among these species, spesiel asCirrhinus reba, Cirrhinus cirrhosus, Puntius sopbor
Puntius ticto and Salmostoma bacailere represented by family Cyprinidae, wherdégstus cavasiuand Rita rita
belonged to family Bagridae. Remaining four speeigs Channa punctata, Oreochromis niloticaad Wallago attu
belonged to families viz; Channidae, Cichlidae &idridae, respectively. These species were ulngaiin upstream
and downstream and located at the centre of tHetliipigure 4c and d). Group 3 was represente@¥yayrinus carpio
Garra gotyla, Heteropneustdsssilis Mastacembelus armatublotopterusnotopterusand Gagata cenigbelonged to
Cyprinidae, Mastacembelidae, Notopteridae and giger which were distributed in downstream sited ahsent at
upstream sitesSpecies belonging to third group were tolerant@DCturbidity, Na, Ca, Fe, Pb, Cr and Cu.

Pre Monsoon

CCA plot ordination of pre monsoon season explaimedut 37.48% of the total variation for first traxes
with more than 0.1 eigenvalues (Table 3a). Firés aplained 37.5% variation with 0.68 eigenvaluel @ositively
correlated with stream flow (r = 0.56), turbidity< 0.65), nitrates (r = 0.66), Na(r = 0.82) and(C= 0.86), whereas,
negative with DO (r = -0. 90). Second axis contiéauabout 20.30% of the total variations with 088l negatively
correlated with stream flow (r = -0.75) and nitréte= -0.55). COD (r = -0.65) exhibited positiverggation with third
axis that explained about 12.9 % variation with30e®&yenvalue (Table 3b).

CCA plot ordination for pre monsoon, sites locaaedpstream of Nullah Aik were grouped togethettenleft
side of CCA axisl and were strongly influenced witineam flow, DO and NQ Sites located in upstream of Nullah
Palkhu, downstream of Nullah Aik and Palkhu weretteld on right side of CCA axis 1. The upstrearassif Nullah
Aik were correlated with stream width, DO and NOStream depth, flow, COD, turbidity, Na, Ca, Ege,and Cu were
related to downstream sites of studied streams.

CCA species ordination provides pattern of fisheadslage (Figure 4c and d). Three clusters of figcies
were recognized. First group was represented by siiecies of upstream siteSirthinus cirrhosus,Cirrhinus reba,
Labeodero, Labeo calbasu, Labeaohita, Osteobramaotio, Parambassisanga, Xenentodorcancila, and Wallago
attu). Out of nine species, six speci€rthinus cirrhosus,Cirrhinus reba, Labealero, Labeo calbasu, Labeohita
and Osteobramacotio) were represented by family Cyprinidae, whereasiaiging four speciesP@rambassisanga,
Xenentodorcancila and Wallago attg belong to families Ambassidae, Belonidae andriife, respectively. These
species were positively correlated with stream kyi@O and N@Q Second group comprized of three speci&sapina
punctata, Puntius sophor@nd Puntius ticto) which was evenly distributed in up and downstresai®s. Third group
was represented by one fish specidstéropneustes fossiliswhich belongs to family Heteropneustidae restdcin
downstream sites. Fish species showed correlatitn®OD, turbidity, Na, Ca, Fe, Pb, Cr and Cu. C@lét for pre
monsoon season differ from pre monsoon. The upstrigsh species did not show significant variatievhereas,
significant reduction in fish species richness @amd group (ubiquitous species) and in third grédgwnstream
cluster) during pre monsoon. However, speciesrgt firoup showed an increase in number of speciésestricted to
upstream area during pre monsoon season.
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environmental factors on fish assemblages durirggnponsoon

4. Discussion

Fish responds to changes in its environment whethgethuman induced or natural (Haat,al, 2007). Local
environmental factors play a vital role in struatgr stream fish assemblage (Piesal, 1999) and have significant
impacts on stream habitat as well as fish assemal(dtanget al, 2001). Poor water quality is one of the impattan
factor, which has been reported to alter abiotit liotic component of intermittent streams (Daatisl, 2003; Moses
and Morris, 1998). During present study, studiedasnhs are facing natural and anthropogenic disteds Natural
disturbances are mainly based on climatic and gepinatoical factors such as stream flow, depth, kiahd rainfall
pattern in the catchment area, whereas, dischargedastrial effluents and municipal sewage areultesl due to
human activities, which remain throughout the ydauring present study, major changes in fish astmgebwere
resulted due to discharge of industrial effluentsl anunicipal sewage from Sialkot city. The severgacts of
anthropogenic activities were observed at sites4(312 and 14) located in close vicinity of Sialkathere no fish
specimen was captured. The continuous human siresgeams can completely vanish the whole fishdawhereas,
pristine streams exhibited little variations inhfiasssemblage over long time period (Paller, 2002).

Deterioration of water quality due to anthropogeattivities has contributed in replacement andpfisarance
of sensitive fish species in streams and rivergr(Kaal, 1986). Degradation of water quality increasessst on fish
assemblage that reduces species diversity and abcadPollinoet al, 2004). Boéet al (1994) and Belliarcet al
(1999) highlighted that water quality degradationdbwnstream of urban stream, profoundly affectsrithution and
movements of fishes. Extinction or missing of apga@es provokes the ecological disturbance at tmenwunity as
well as ecosystem level. During present study, disbemblage in upstream of Nullah Aik was stablpeoist monsoon
and pre monsoon season, whereas, fish assemblagesiream of Nullah Palkhu became affected dueetiuged
stream discharge, which reduce the diversity diefisduring pre monsoon. The fish assemblage in sto@am of
Nullah Aik and Nullah Palkhu are severely affecterin increased level of pollutant in stream wat@adir and Malik,
2009). Highest fish diversity was recorded at wgastn sites of Nullah Aik during post monsoon. Integesm of studied
streams, 18 fish specieBqrambassis ranga, Sperata seenghala, Xenentadorcila Labeo dero, Labeo calbasu,
Osteobrama cotio, Mystus cavasius, Rita rita, Glapunctata, Oreochromis niloticus, Cirrhinus rel@irrhinus
cirrhosus, Polyacanthugasciatus, Labeo rohita, Puntius sophore, Puntius ticto, Salmostoma bacaitel Wallago
attu) were captured and species diversity reduceti3dish speciesGirrhinus cirrhosusCirrhinus reba, Labeodero,
Labeo calbasu, Labeaohita, Parambassisanga, Xenentodoncancila, Wallago attu, Channa punctata, Puntius
sophore, Puntius tictandOsteobramacotio) in pre monsoon. Highest variations in specielnéss were recorded in
downstream of Nullah Palkhu.
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Eighteen fish species were recorded in downstrearingl post monsoon, whereas, only four fish spe@@sanna
punctata, Puntius sopharuntius ticto and Heteropneustes foskiliere recorded from down stream. Similarly, Paul
and Meyer (2001) and Gafrst al. (2000) reported significant reduction in fish disiéy during dry season at close
downstream sites of cities. Decline in fish divergind abundance become more pronounced in dowanstoé towns
and cities, however, the relative abundance ofdaletaxa increases in moderately disturbed dowastr(Paul and
Meyer, 2001). In response to pollution, sensitipecies disappear sharply, whereas, individualslefdnt fish species
can continue to exist in polluted water up to s@xent (Gafnyet al.,2000).

Gradual increase in species richness and distoibuif fish assemblage, from upstream to downstreave
been reported in pristine streams and rivers (Linnaior et al, 2006; Bhat, 2004), however, in intermittent gtnes,
species richness decreases with increase in aotheofr activities (Paul and Meyer, 2001). The ssshowed that
Nullah Aik has maximum diversity in upstream regtbat reaches to its ebb (zero fish catch) at sagsites (3 and
4) near to Sialkot city, which receive high polltdoad from industries and municipalities. In detveam of Nullah
Aik, some species lik€hanna punctata, Puntius sophoaad Wallago attureappear to establish fish assemblage.
According to Bhat (2004) and Bhat and Magurran,0@0Onatural streams become modified due to muricpa
industrial effluents as well as construction ofrimas for divergences of water. Presence of srmedidhworks at site 7
(Wain) is also an important reason for reductiorthaf fish diversity in downstream. Stream wateNoflah Aik is
diverted into sub-channels and hundreds of pumps baen established on stream banks to suck streden for the
irrigation purpose. Reduced of stream flow at ddva@sn of Wain cannot support fish assemblage testablish,
resulting less diversity in downstream of NullakkAi

Streams and rivers exhibit changes in distributibdifferent feeding groups along longitudinal gead (Bhat,
2004). High relative abundance of herbivore speiciagpstream was due to presence of algae and athetic plants
on which these species feed. During pre monsoososg&erbivore fishes shift towards upstream segjiches to high
load of pollutants in downstream segment. Accordm&@anasan and Hughes (1998) herbivore specieseasiive as
compared to invertivore, which disappears as golustress increases. Bhat (2004) also reportedirisactivorous
species are ubiquitous in upstream and downstréaivens. The results indicated seasonal variatiardistribution of
invertivore species. Howt al. (2001) reported that concentration of specifiediag guild at upstream or downstream
depends upon the feeding and reproductive actvimnivores and carnivores were found in up anindtream but
preferably present at downstream sites. Bhat (208Kulated higher relative abundance of carnivordownstream

A. Kadir et al., Patterns and Distribution of Figtssemblage in Nullah Aik and Nullah Palkhu Sialkatkistan



Biological Diversity and Conservation —2 /2 (2009 119

sites. Generally, carnivore species are sensitiderespond to any change in water quality. Howesamivore species
are also tolerant lik€Channa punctatacan survive in unfavaourable conditions by devielgpsome adaptation to
survive in turbid condition and low level of oxygéMarayanan and Khan, 1995; Anctil and Ali, 1976).

Streams exhibited great variations in stream mdggfical conditions influenced by stream size arstlarge
(Vlach et al, 2005). Stream morphological parameters includéewflow; depth and width greatly influence thehfi
community assemblages and are critical in the reaarice of fish populations (Pires al., 1999; Paul and Meyer,
2001). Bhat (2004) showed stream depth is cormblatith species richness in the stream of WesteratGhdia.
Stream depth and width contributes in structurimg fish assemblage (Lima-Junier al, 2006). Stream depth also
affects on fish assemblage in streams facing reguéd and dry seasons (Mesquégal, 2006) and provides good
spawning, feeding habitats and protection from gtied (Jacksoret al., 2001a; Angermeier and Winston, 1998).
During present study, maximum depth was observeuhgypost monsoon while minimum in pre monsoon seatle
to variations in stream discharge. Stream siteghégd depth ranged from 0.5 - 2.0m except, site 7.

Stream flow highly influences chemical properti€svater and community patterns of fishes (ReashRigd,
1990). The structure of fish assemblage is chaiiaetd by the fluctuation in stream flow that islugnced by rainfall
in the catchment area (Fraser, 1997; Castillo-Rivadr al., 2002). Stream flow has significant effects orces
composition, diversity and reproduction (Xenopoutbsl, 2005). Regular stream flow provides better ctowis for
stability of fish communities. Low stream flow cagsreduction in diversity of fishes in intermittestreams
(Thompson and Larsen, 1994). Lowest stream flow veds recorded in upstream of Palkhu during surrseason.
Reduction in stream flow affects the species riskrand diversity in upstream of Nullah Palkhu aadndy dry period,
fishes restrict to ditches and small pools. Theisehes and small pools act as refuge sites, wheterwilow re-
establishes in streams, fishes proliferate to raaintheir population (Pirest al, 1999). Only four specie€hanna
punctata, Puntius sophore, Puntius tietod Heteropneustes fossilisvere collected from downstream sites, which can
survive at low level of DOCirrhinus cirrhosusCirrhinus reba, Labeaohita, Wallago attuand Osteobramacotio)
were common species in upstream and downstreamgdpast monsoon but restrict themselves in upstréaento
input of pollutants in pre monsoon. Streams flowhwhiighest discharge level due to heavy rains éncdtchment area
during monsoon season. High stream water flow elludoncentration of pollutants and allows the fsimove from
river to upstream for spawning and breeding. Moveneé fishes from river to streams during monsoacilitates the
re-colonization of fish species in upstream regiditer monsoon season catchment area experiengespdl resulting
reduced stream. High discharge of pollutants frawtustries and urban sewage acts as barrier, wiaistniat the
sensitive fishes in upstream sites.

DO is one of the important variable in explainitg distribution of species (Fraser, 1997; CasHlveraet
al., 2002). Depletion of DO makes the habitat unsugtdbt fish life (Slavik and Ba¥s, 2001). In streams and rivers,
DO define the pattern of fish assemblage on tenhaord spatial scale (Mathews and Berg, 1997). D&y plvital role
in all developmental stages of fish from embryoathult (Thompson and Larsen, 1994). Low concentnatib DO
(below 4mg/L) causes reduced growth rate incretsesisk of disease and even death (Thompson armkbhal994).
Level of DO (2.0 mg/L) in aquatic ecosystem is thi@imum level to prevent the mortality of fish Atsexet al (2005).
Intolerant species cannot withstand extreme flu@na of DO. In disturbed stream; sensitive fisdesppear first or
shift to least disturbed conditions. Disappearasfcgensitive species creates the space for tolarahexotic species to
proliferate in such streams. The results showetdsites with less amount of DO were least diveBepletion of DO is
mainly caused by organic pollution resulting in grecess of decomposition of organic componentdmipinstability
of DO concentration (Slavik and Bast 2001) and cause high COD value. High COD vatigtermine chemical and
organic pollution that severely affect the fisheaablage (Gafngt al.,2000).

High turbidity level was recorded at downstrearassiiue to discharge of untreated effluents and gefam
Sialkot city. Preference of fish species varieshvtite change in the level of turbidity in streamtevgLudsinet al.,
2001). Turbidity affects water color and reduceghtlipenetration, which ultimately change the contmos of fish
assemblage (Akiet al.,2005). According to Costat al (2007) turbidity can influenced on the distriloutiof fishes in
stream. Stream flow directly affects stream tuidievel, which may restrict fish distribution amdovement of fish
during breeding season. In present study, genecgilyinids species preferred to live in clear watenereasChanna
punctataand Heteropneustes fossiliwere found at turbid site with high relative abumcka Channa punctataand
Heteropneustes fossilighich are tolerant species can survive in turlsiddition (Ganasan and Hughes, 1998).

The concentration of nitrates in post monsoon aednponsoon seasons was found correlated with @stre
sites of Nullah Aik and Nullah Palkhu. The high centration of nitrates in upstream sites was maioiytributed by
fertilizers used in agricultural land (Rashleigh02). Nitrates make their way into stream througtiexe runoff after
heavy irrigation and rainfalls. Higher concentratiof nitrates instream increases the productiomatfve fishes
because nitrates increase the production of aquuéint especially algae (Wolgast and Stout, 19HQwever,
excessive amount of nitrates in stream may causepsucation (Addiscott, 1996).
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High concentration of metals recorded in downstresit®s have negative impacts on the fish assemplage
whereas, upstream sites with low level of metaggeasented higher number of fish species. In postsmon season,
stream discharge level becomes high, which dilb&e doncentration of heavy metals in stream watemicg from
industrial effluents and municipal sewage. Durihgs tseason, fishes showed wide distribution in dadream sites
especially in Nullah Palkhu, whereas, in pre monsseason, only four species were recorded in doaanst of Nullah
Palkhu. Similar results were obtained by Tawarigyuf and Ekaye (2007) in polluted Ikpoba River, étig. This
reduction in species richness in downstream sidafdde attributed by human activities in the cateht area. Qadit
al. (2008) reported that downstream sites of Nullak #&id Nullah Palkhu are heavily polluted by indiagteffluents
coming from Sialkot city. These effluents contailmny toxic metals such as Pb, Cd and Cr. The seasijpecies
showed strong negative correlation with heavy msetflconcentration of metals becomes high, fishégrate to less
polluted segment of river or stream (Tawari-Fufegimd Ekaye, 2007). Svecevieius (1999) showed expertally that
sensitive fishes always avoid living in contaminhteaters with heavy metals. However, some tolespetcies have
developed the tendency to tolerate the heavy mepate certain limits. The reduction of fishes mwhstream is due to
increasing industrial and urban pressure (Gatrgl.,2000). Pintcet al. (2006) reported significant reduction in species
richness and abundance of fishes in downstreanai@iPa do Sul River in Brazil. Pfeiffet al. (1986) studied the loss
of fish species and reduction in diversity of Fsglecies in downstream of Volta Redonda city. Heaeyal pollution in
stream has significant negative impacts on strectfr fish assemblage in downstream of Nullah Aikl afullah
Palkhu. Similar results were obtained by SnodgsassMeffe (1998) and Magalhaesal. (2002).

Seventeen fish species were recorded from upstreid@s, whereas, 11 species were captured from
downstream sites of Nullah Aik. Among these spegcigse were common to upstream and downstream(§itgsre 5).
Seven species were recorded from upstream sitds sdwenteen species from downstream of NullahtRalvhereas,
six species were found in upstream as well as doears of Nullah Palkhu. High coefficient of commiynioss was
calculated for Nullah Palkhu as compared to Nul#h(0.012).

Courtemanch and Davies (1987) and Wright and Wethd@000) described three possible scenarios
(acceptable, criteria needed and unacceptablelreds conditions on the basis of fish communitiesiownstream
segment. According to criteria developed by Couaech and Davies (1987) Nullah Aik is facing partiadés and
replacement of fish species at downstream sitediaP#oss of fish species was observed in NulladkRu and
downstream showed maximum fish species. The egisituation of fish diversity and water qualitystudied streams
are highly degraded. Complete loss of fish speuéssbeen observed at mid stream sites, which dadaaming situation
and unacceptable from ecological point of view. rEfigre, this situation needs urgent measure to isidigcriminate
anthropogenic activities in the catchment areamorove water quality and restore the fish commaasiti

Nullah Patk

Figure 5 Change in Scenarios of Fish Communitiagimnd downstream of Nullah Aik and Nullah Palkhu
5. Conclusions
Present study highlighted that stream habitat 8irac water quality parameters and metals highliaémce

the fish assemblage in Nullah Aik and Nullah PalkBCA results indicated strong relationship betwspecies and
environmental factors such as stream flow, depitithyDO, COD, turbidity, N@, Na, Ca, Fe, Pb, Cr and Cu. Highest
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fish species richness was recorded in upstreamudi&N Aik and minimum at downstream of Nullah Aikhe fish
assemblage was studied in upstream of Nullah Ails Vemst disturbed where fish assemblage did nowestho
significant seasonal variations in term of fish atsity. Seasonal variations in fish assemblage vefrserved at
downstream of Nullah Aik and Nullah Palkhu due toth@opogenic activities that change the stream tagbi
characteristics, degrade water quality and beconfi@vaurable for fishes. Industrial effluents andnigipal sewage
from Sialkot acts as a barrier between upstreamdamchstream fish communities and restrict the mamnof fishes
between stream segments. Present study highligheedmpact of natural as well as human activitiestioe fish
assemblage of Nullah Aik and Nullah Palkhu. Theffacient of fish community loss indicated that teemust be
management criteria to restore the fish speciesifoblullah Aik and Nullah Palkhu.
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