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ABSTRACT

Theaimofthepresentpaperwastodescribethefirstcompleteandcomprehensivepictureonichthyofaunaldiversityofriver
Sutlej.ThefindingsoftheinvestigationwillbeanimperativepartoftheecologicaldatabasefromriverSutlej.Thefielddata
werecollectedfortnightlyfromthefishmarket.Thedifferentdiversityindicesviz.,univariateandmultivariateanalyseswere
analyzedbyPRIMER-Estatisticalpackage.Atotalof60speciesbelongingto43genera,17familiesand7orderswererecorded
duringtheinvestigation.TheMargalefrichnessindex(12.14),Shannon-Wienerindex(3.871)andSimpsonindex(0.979)was
observedtobehighestduringNov.2019andseasonallyduringpost-monsoonseason.Thepresentstudyprovidesabaseline
databasewithrespecttofishspeciesdiversityforplanningeffectiveconservationmeasurestoobtainsustainablefishproduction.

HIGHLIGHTS

 m Atotalof60speciesbelongingto43genera,17familieswererecorded
 m Thehighestdiversitywasobservedduringpost-monsoonseason
 m Baselinedatabasewillhelptoobtainsustainablefishproduction

 Keywords: Ichthyofauna,FishDiversity,FishMarket,RiverSutlej,Ludhiana,Punjab

The imperative component of the earth in the existence
oflifeandthemostphenomenalcomponentoflifeisits
assorted variety. Biodiversity has been viewed inmany
ways depending upon the perspectives of people from
different spheres. Fishes are the most diversified group
amongvertebrates,with33,600species(FroeseandPauly,
2019) characterized by their diversity in morphology.
TheriverSutlejwaterisdistributedundertheIndusriver
system and mostly diverted for the canals in Punjab.
Around 56 fish species were recorded from Budhha
Nullah(aseasonaltributaryofriverSutlej)priorto1964
(Anonymous,2019)but thesedaysallfishesarewiped-
out fromBudhhaNullah(JaidkaandHundal,2016)due
to theheavy loadofpollutionaswellasexcess toxicity
posingseriousthreattoichthyofaunaoftheriver(Jaidka
and Hundal, 2016). The information on ichthyofauna
diversity comprising species abundance, migration and

conservationprioritizationislackingforriverineresources
ofPunjabincludingriverSutlej.Hence,thepresentstudy
wascommencedtodescribethecomprehensivepictureon
ichthyofaunaofriverSutlejatdistrictLudhiana,Punjab.
The investigationwasalsostarted tomake thechecklist
ofichthyofaunaandsuggestappropriatemeasuresforthe
conservationofriverSutlejatLudhiana.

MATERIALS AND METHODS

Site selection, sampling methods and data collection

Tajpur fish market (30° 55’ 8.12’’ N, 75° 54’ 1.48’’ E)
andHaibowalfishmarket (Devnagar) (30°55’05.3’’N,
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75°47’29.9’’E)wasoneof the importantfishmarkets
inDistrictLudhianaand selected for thedata collection
fortnightly from the fish markets from April 2019 to
March2020.Duringthefielddatacollection,itwasmade
sure that the fishes accounted were captured from the
different stretches of river Sutlej nearDistrictLudhiana
andidentificationwasdoneusingtaxonomickeys(Froese
andPauly2019;Jayaram,1981).

Diversity measurement

The different diversity indices such as Shannon-Wiener
index (H’), Simpson index, Margalef richness index
was used to estimate the fish diversity of river Sutlej
along its course in Ludhiana. The K- Dominance plot
wasdrawnbyrankingthespeciesindecreasingorderof
abundance to relate the species richness and abundance
(Warwick, 1986).Multivariate analysis of the data was
used to determine differences in ecological structure
between samples.Thedatawere transformed (presence/
absence)beforetheanalysisformultivariateanalysis.The
computationofmatricesofsimilaritiesbetweendifferent
pairsofthesamplewasbasedonBray-Curtissimilarities
measure.
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Non-metricMulti-DimensionalScaling(MDS)wasused
tounderstandtheinterrelationshipbetweenthesampleson
amap.TheMDSstressvalueindicatesthegoodnessofthe
fitusingtheformula:

Stress = ( )2 2/
j k j k

djk djk djk−∑ ∑ ∑ ∑
Thevariationintaxonomicdistinctnessintendedforeach
samplewas superimposed on the funnel to find out the
deviation from the normal distribution (within the 95%
confidence limit or not).All univariate andmultivariate
analyseswasdonebyPRIMER-E (Ver.6.1.6) statistical
package(ClarkeandGorley,2006;Kumaret al.,2020).

RESULTS AND DISCUSSION

Icthyofauna diversity

Atotalof60fishspeciesbelongingto7orders,17families

and 43 genera were documented throughout the study
period.FamilyCyprinidaecontributed46.67%followed
by Bagridae (11.67%), Ambassidae (5.0%), Channidae
(5.0%),Mastacembelidae (5.0%), Notopteridae (3.33%)
tothetotalfishspecieswhereasotherfamiliescontributed
less than 3.33 percent each (Fig. 1).During the present
study, Cyprinus carpio var communis represented 
highest in order of species abundance followed by
Hypophthalmichthys molitrix, Oxygaster gora, Puntius 
sophore, Rita rita, Xenentodon cancila, Labeo bata, Labeo 
rohita, Chanda nama and Eutropiichthys vacha. Silver
carpandcommoncarpepitomizedtheexoticcomponent
inthefishmarketandtheirabundancewasobservedtobe
higher compare to other fishes.The other commercially
important fishes like Catla, Labeo, Cirrhinus, Channa, 
Wallago, Sperata, Mystus and other small indigenous
fisheswereobservedindecreasingorderoftheirrichness.
The occurrence of Labeo pangusia was also observed
duringmonsoonwhichwasnotencounteredearlierinthe
fishmarketatLudhiana.

Fig. 1: Pie diagram showing per cent contribution of major
familieswiththeirrepresentativefishspecies

Hassan(2016)studiedabundanceoffishesinriverSutlej
and reported 93 fish species with the convergence of a
few small tributaries where the river Sutlej water gets
augmented at Ludhiana. Kaur et al. (2017) reported
37 fish species in HarikeWetland (downstream part of
riverSutlej)andconcluded thatdespitedifferentnatural
and anthropogenic disturbances the wetland was still
supporting species richness. Bhatnagar (2016) reported
59fishspecies inhabits thefreshwatersofHaryanastate
andobserveddeclineinfishdiversityfrom82speciesin
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2004to59speciesintheyear2014.Thefishdiversityin
thepresentstudywaslessthantheearlierreports(Hassan,
2016)whichmightbeattributedtolargeareascoveredin
earlierstudies.Earlier116speciesoffishweredocumented
from the reorganized Punjab (Johal and Tandon, 1980)
but after that 26 and 16 specieswere investigated from
Harikewetland(DhillonandKaur,1996),37fishspecies
documentedbyKauret al.(2017).

Diversity indices

Inthepresentinvestigationofdifferentindiceswasusedfor
relatingtherelationshipanddescribespeciesabundancein
thecommunity.ThevalueofMargalefrichnessindex(d)
rangedfrom4.42to12.14andthehighestwasrecorded
during Nov. 2019 (12.14). The Shannon-Wiener index
(H’)wasbetween2.996to3.871andhighestwasrecorded
duringNov.2019(3.871)whichprobablythatmostwidely
usedinecologicalstudiesandthevalueusuallyfoundto
fallbetween1.5and3.5andonlyrarelyitsurpasses4.5.
The highest value of Simpson index (λ) was recorded
duringNov.2019(0.979)(Table1).

Table 1: Month-wise variation in different indices based on
speciesabundance

N d H’(loge) 1-Lambda
Apr.2019 23 7.01 3.135 0.957
May. 22 6.79 3.091 0.955
Jun. 17 5.64 2.833 0.941
Jul. 34 9.35 3.526 0.971
Aug. 12 4.42 2.485 0.917
Sep. 31 8.73 3.434 0.968
Oct. 36 9.76 3.584 0.972
Nov. 48 12.14 3.871 0.979
Dec. 41 10.77 3.714 0.976
Jan.2020 40 10.57 3.689 0.975
Feb. 38 10.17 3.638 0.974
Mar. 20 6.34 2.996 0.950

Post-monsoon season was observed with occurrence of
higher fish assemblage followed by monsoon and pre-
monsoon season (Table 2). The correlation values from
thedraftsmanplotshowedMargalefrichness indexhold
positivecorrelationwithH’andλdiversityindices(Fig.
2).

Table 2:Seasonalvariationindifferentindicesbasedonspecies
abundance

S d J’ H’(loge) 1-Lambda
Pre
monsoon 31 9.932 0.979 3.360 0.963

Monsoon 48 14.067 0.981 3.796 0.976
Post
monsoon 58 15.275 0.985 3.998 0.981
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Fig. 2: Draftsmanplotshowingcorrelationbetweenindices

K-dominance curve

The K-dominance cumulative curve expressed as the
percentageofabundanceinthesamplereveal thatcurve
formonthNov.2019liesonthelowersideandriseslowly
duetohighspeciesrichness(Fig.3).
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Fig. 3: MonthwiseK-dominancecurveforspeciesbiomass



786 Journal of Animal Research: v. 10, n. 5, October 2020

Kumar et al.

In relation to the seasonal and community parameters,
thetotalspeciesabundanceshowedamajorpeakduring
post-monsoonseason(Fig.4)whichmightbeduetothe
cumulativeeffectofloticwaterfishessynchronizenesting
activity and migrate upstream during heavy rainfall
(monsoonseason)andmovebackaftermonsoonseason
(Dudgeon,1992).
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Fig. 4: SeasonalK-dominancecurveforspeciesbiomass

Thelesserspeciesrichnessobservedduringthemonsoon
seasonwhichmightbeduetoextremefloodplainsiltation,
altershabitationsaffectingspeciesdisappearance.Floods
linkriverswithfloodplainsandsupplynutrients,organic
matter to aquatic-terrestrial transition zones, stimulating
biological productivity and habitat heterogeneity (Junk,
1989).Thespeciesrichnessincreasesafterfloodsasriver-
floodplain connectivity augments habitat and resource
availability(Junk,Bayley,andSparks,1989).Sincethere
were heavy rains created a flood-like situation during
Aug. 2019 inLudhiana (The Hindu, 2019) inundated in

thenearbyareasoftemporarylenticwaterbodieswhich
provideshelteringoffishesandbecomesuitablehabitatfor
theirgoodnourishment,temperatureandbreedingground.
Since, the lentic water body having abundant nutrient
support in the recruitment of small size short distance
migratoryfishes.Themajorityofspeciesexhibitedgreater
relativeabundanceaftertheflood-likesituation(Andrew
et al., 2016) and an increase in fishing intensity during
post-monsoonmayalsobeoneofthereasons.

K-dominance curve rank species inorderof importance
onthex-axisandshowthepercentageofeachspecieson
thetotalnumbersorbiomassonacumulativescale(called
percentage dominance) on the y-axis. To compare the
biodiversitybetween themonths,dominanceplotdrawn
byrankingthespeciesindecreasingorderofabundance.
TheK-dominancecurveforNov.monthlieonthelower
sideextendedfurtherandriseslowlyduetohighspecies
richness.

K-dominancecurverankspeciesinordertocomparethe
biodiversitybetweentheseasons,dominanceplotdrawn
by ranking the species.Thecurve for thepostmonsoon
seasonliesonthelowersideandriseslowlyduetomore
numberofspecies.

CLUSTER ANALYSIS

Theresultsfromhierarchicalclusteringfromoverallcluster
analysiswitnessedthattheextremeresemblanceinspecies
abundance (78.48%) was noticed between the month
Feb.2020andDec.2019andminimuminterrelationship
betweenFeb.2020andAug.2019(28.00%)(Table3and
Fig.5,6).

Table 3:Bray-Curtissimilaritymatrixbetweenmonths

Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb.
Mar.
Apr. 69.77
May. 66.67 75.56
Jun. 70.27 55.00 66.67
Jul. 55.56 56.14 57.14 50.98
Aug. 43.75 40.00 41.18 41.38 39.13
Sep. 31.37 44.44 37.74 41.67 64.62 41.86
Oct. 53.57 54.24 55.17 45.28 71.43 37.50 68.66
Nov. 50.00 59.16 60.00 43.08 70.73 36.67 60.76 66.67
Dec. 42.62 53.13 57.14 41.38 72.00 33.96 61.11 59.74 76.40
Jan. 50.00 47.62 45.16 35.09 67.57 38.46 50.70 63.16 75.00 66.67
Feb. 34.48 45.90 53.33 36.36 66.67 28.00 66.67 67.57 74.42 78.48 69.23
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Cluster analysis of the species similarity matrix was
appliedtodefinespeciesassemblagei.e.groupofspecies
that tend to occur in a parallel manner across the sites
and which can be partitioned into groups with similar
communitystructure.Thisapproachwasrecommendable
becauseitmakessurethesimilarityinspeciescomposition
basedontheabundance.Thecomputationofmatricesof
similaritiesbetweendifferentmonthswasbasedonBray-
Curtissimilaritiesmeasure.

Non-metric Multi-Dimensional Scaling (MDS)

The samples from neighboring months showed greater
similarity inspecies resemblance.Thepre-monsoonand
post-monsoonseasonformedtwodistinctgroupsshowing
agreaterdegreeofsimilarity in thespeciescomposition
(60%)withinthegroupsandthesamplescollectedduring
monsoonshowed40%similaritywiththetwosegregated
samples groups within pre-monsoon season. The stress
value (0.1), which was superimposed on theMDS plot
showed a greater degree of ordination in the collected
samples(Fig.7).

The results of the present study showed that samples
from adjacentmonths havemore similarities in species
abundancethansamplesseparatedoveraperiod.Figure4
alsoshowed20percentsimilarityinthespeciesabundance
duringAug.2019forthemonsoonseasonasrevealedby
MDSplot.DuringtheAugmonthonly12speciesreported
outof60duetofishingintensitywasverylow.Thiswas

duetotheflood-likesituationinLudhianafollowingheavy
rainsandthedischargeofexcessivewaterfromtheBhakra
Dam(The Hindu,2019).TheSutlejRiverwasflowingnear
thedangermark.Mostofthefishermendidnotpreferto
installindigenousboatsandoperatenet,gearsandtackles
duringthehighcurrentinflowofwater.Anadvisorywas
issued to the riparian population and fishermen living
neartheriverSutlejfornottogoforfishingduringflood
andhighvolumeofriverwater(Indiatoday,2019).Many
researchers have investigated the ichthyofauna of river
Sutlejandassociatedtributaries.Acompletepictureofthe
ichthyofaunadiversity and spatialdistributionoutline in
theriversystemstillneedsmoreattention.

Fig. 7: MDSplotshowingvarioussimilaritylevels

Fig. 5: Hierarchical clustering from Bray-Curtis similarity
matrixwithgroupaveragelinking

Fig. 6: Hierarchical clustering from Bray-Curtis similarity
matrixwithgroupaveragelinking
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The purpose of MDS was to construct a ″map″ or
configuration of the samples, in a specified number of
dimensions,which attempts to satisfy all the conditions
imposedby therank(dis)similaritymatrix.Thiswas to
recognize the interrelationshipbetween thesamples ina
map. Innon-metricmultidimensional scaling, theBray–
Curtis similaritywas used to construct amap inwhich
those having more similarity placed near and samples
arehavinglowersimilarityfaraway.Thestressvalueis
indicatingthegoodnessofthefit.

Taxonomic distinctness tests (TAXDTEST)

The 95% confidence funnelwas created to find out the
variation in taxonomic distinctness during different
monthsandpresentedinFig.8.
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The taxonomicdistinctnessvalues(lambda+)fellwithin
the confidence funnel and there was no deviation from
thenormaldistributionexceptforthemonthofJun.2019
becauseofthelessspeciesrichness.Thesameresultalso
evidentbyellipseplot(Fig.9)drawnlinkingtheaverage
taxonomic distinctness and variation in taxonomic
distinctnessvalues,statisticallysignificantdepartureofall
months canbe seen clearlywith their percent similarity
anddissimilarityinconfidencefunnel.

Fig. 9: Fitted95%probability contoursof average taxonomic
distinctness (delta+) and variation in taxonomic distinctness
(lambda+)

This test combining average taxonomicdistinctness and
variation in taxonomic distinctness involves plotting
of the combinationof thesevaluesbydrawing the95%
probability contours (ellipse), which are advantageous
in testing under the usual null hypothesis of random
samplingfromthemasterspecieslistandsuperimposing
therealvalues.

CONCLUSION

Theresultsofthecontemporaneousstudyrevealedthatthe
RiverSutlejalongdistrictLudhianagriprichichthyofauna
andsupportstheexistenceofindigenousandexoticfishes
despite the facts the water quality of the river Sutlej
deteriorating in the regionofPunjab as per the existing
scenario.Due toananthropogenicbustle in riverSutlej,
thereishugeloss.Thepresentstudyprovidesabaseline
databasewithrespecttofishspeciescompositionandits
seasonal distribution for planning effective conservation
measures to obtain sustainable fish production.There is
still need an indeliblemanagement strategy to conserve
this inherent treasure for maintaining sustainability and
speciesrichnessinriverSutlej.
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