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In the present mﬁpsimm-mmmmw'wwmm
in the Likhu River of Okhaldhunga , Nepal, Three sites were sampled in two seasons by
using different fishing geaes with the elp of Iocal fisherman, In the present rescarch work
altogether 10 species of fish belonging fo 2 orders, 4 fimilies and § genes were recorded,
‘of which Order Cypriniformes (70%) was the dominant followed by Order

:;memmammﬂmwcmmm
.I_ﬁ,&uphumbmﬁmhihﬂmmmmﬁlﬂﬂh
Pstorkynchuy prevdochenesis, Gilyptathorax pecrinopterny wnd Schistura rupecula Other
§Mmm¢mmmmmwﬁm
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1. INTRODUCTION

L1 General Background

Mepal s endowed with rich fishery potentinl as it has abundance of witer Bodies 1ike
Inkes, rivers. reservoirs |, ponds, stream | swamps and 80 on, Among them, rivers are the
most impartant which represents 49% of fotal water body (Swar, 2002). Freshwater of
Nepal supports vast army of figh compeising 252 species, some of which have gor fivod,
recteational and academic vahue (Shrestha, 2019). Fish diversity of Nepal secounts 0.21%
of total global fish diversity (Shrestha 1995, Rai 2008, Gabaju 2012). Teleost specics
form the largest category amaong vertebrate animals and their members hove neached more
than 33,500 valid marine and freshwater species under 515 families (Nelson, 20046),
There nre- ot feast 27,800 species In the workd of which 10,000 are freshwater Gnhes
{Shrestha , 2008). Freshwater fish ropresents nearly 10% of all verichrate species in the
word (Varl and Malubarba, 1 99%),

Riverine fish assemnblage often varies along environmental gradients from headwater to
lower mainstreams (Schlosser, 1982). When these gradients are interrupted, Tiwever
alteennte patterns can result, Such interniption ean be natural, as n the case of waterfalls
(Balon and Stwear, 1983), A number of diversity indices have been used 1o ssess the
diversity changes of water in aquatic ecosysiem &6 well as it enhances the formation of
various nutrients and their circulation and rechatge in the aquatic bodies, The diversiry
and fish assemblages changes with clevation and séasons. The distribution, abundance
and migration of nquatic organisms are also influenced by empermane and. dissolved
oxygen concentrution [Afhassan, 20133 Frestiwuter fish cornmumities are an esséntial
component of aquatic ccosystems (Albaret et al., 2004; Mann, 2009) and play o crucial
rule in local subsistence cconomics in most tropical regions of the globe (FAQ 19%0;
Mases 1992; Sikoki et al., 1998; Leveque and Paugy, 2006},

The diversity patiern observed has been u decrense in species Heliness nd Increase of
endemism with inerease in clevation (Lomoline, 2001). In South America Andes, for
instance, studies on fish assemblages hove identifies elevationsl chimatic gradients s the
main diverse of chanye In composition and species richness (Pouilley et al., 2006;
Jaramillo - Villa et al, 2010 ; Carvajul-Quintero et al., 2015 De La Baren et al., 2016).
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Evidence from fish communities at high elevationin the Andes suguests that headwater
streams have different compositions despite having similar environments (Carvajal -
Quintero et al., 2015). Headwater delivers water, sediments and orjanle miterials b
mmw.mmmqﬂhgmwmmwm_nm
protection and mitigation; and provide recreational opportunities (Gomi et al, 2002;
Richardson and Danchy 2007; Hill et al., 2014 ; Cohen et al, 2016). Although fish
abundunce and diversity generally wre lower In headwater system compared 1o
 downstream reaches (Schiosser 1987), spevics comparisen can be distinet with the rest af
the ‘network (Paller 1994),

The decline of freshwater fish is o comprebensive phencmenon noticeable on ghobal,
regional and focal scales (Moyle and Randail 1998; Duncan and Lockwood, 2001)
Habitat loss snd pollution are primry mul‘nﬁmbuﬂ-n}'-qmthb;m {Miller et nl,,
1989; Dudgeon et al., 2006; Arthingion et al, 2016). Riverine fish species losses due to
climate change and reduced water discharge are predicied 1o resch 75% in some river
basing (Xenopoulous ot ol 2005). Phenological changes in fish behavior (Cerio et al,
2014; Dempsan el 11.. 2017 Hovel et ol 2017} have been also detected and emphasize
the powerful chang imposed by  changing climate. Within the [UCN Red ist, as much
#a 33% of European freshwater fish species are recognized as threatened by climate
change (IUCN, 2017). Manmade barriers to fish migration or dispersal haye been finksd
o the decline of freshwater fish assembliges throughout the world (Starrs et al., 2011),
Effective fish management require knowledge of how fish populations wre influenced by
environmental factors such as water temperature, witer depth and physical habitt (Rose,
2000,

Cold water fish of Nepal are facing problems due 10 an increasing number of hydropower
projects. Developmental works such as river damuning have a major impact on river
ecology. aquatic flora and fauna, inchuding fish. The ichthyology of Nepal is reponied
within varying account of total number of fish species recording in the country. For
instance, Shrestha (2001) reported 182 fish species from Nepal. Rajbunshi (2005) fisted
187 fish species from Nepal, In oddition Swud and Shrestha (2007) reporicd 199 fish
species from Nepal. Shrestha (2008) reported 217 indigenous nd 15 exstic fish species,
Similarly, till date Shresths (2019) has updated total 252 fish species of Nepal with 236
are mtive specles including 16 exotic species mnd 16 endenic specics,
2



1.2 Objectives
1.L1 General objective
= To explore the diversity fish of Likim Khola in Okhaldhungs , Nepal

1.2.2 Specific abjectives

= To investigate the sbundance and distribution of fish in Likho Khola
= To determine the influence of environmental varfables on fish diversity of Likhu
Khola.

1.3 Rationale of the study

Mepal has number of rivers which portray that our country 18 rieh iy witer resources.
There are streams, brooks, canal, reseevolrs, ponds and lakes. But rich with the water
resources, study on fish diversity, habita, reproduction, biolegy and ecology of fishes are
still lncking, There are still thousands of rivers and streams not explored. The researchers
are not able e reach all these water resources due o the geographical strictiure of aur
couniry and some ather reasons TMke transportation snd  fnsncinl problems. Species
identification also has beon seen o big problem, This is due 10 the lack of field
ahservation, metioulous species identification and regular sirvey an fish diversity, naoral
wwkmmufmﬂmMmﬂllhuﬂmmhﬂh
laonomic characteristics of some fish species of Nepal. Some fish like Schitura sps,
Colim sps.Sehizarharay sps, Mystus sps, snd Glypothora: sps nesds 1o be studied further
and taxonomic reconfirmation. Habit and habitat of many fishes are still being ot known.
On this aceount, the pressnt study was underiaken 1o minimize these lacking parts o
some extent and [ believe that this study will be very helpful for the researchers.

1.4 Limitation of the study
The present study area is not essily spproachable plice. So, the study was focused only
on fish diversity,



2. LITERATURE REVIEW

 Iehthyofiunal diversity refers the spatial and temporal peiterns of diversity, distribution

and species composition of freshwater fishes are useful 1o examine faciors influeticing the
structure of the fish cammunity (Galactos et al, 2004). Freshwater habitats in rivers
streams,springs and headwaters are heterogencous due to varistion i altitude, flow raic,
Aimolved oxygen, physical substrate and the riparian #ones that provide food, shade and
cover (Armantrout, 1990). As a result freshwater habigats harbor diverse fauna with fish
serving as a prime indicators of ecosysicm status (Karr et al,, 1986).

mﬁdmwi:hﬂmimhﬁmhmmhﬂwﬂmm
and tropical regions are alitude, river size, temperuture, water velocity, depth, habitat
complexity (Tejerina ~ Garra et al, 2005). Likewise some factors which causes the
muamwiummlmmmiwmmmmm
in altiiude, reduction of suimble wvailable nrea for organisms, unsuitsble climatic
mﬂmmmmmmmmm:w;.mmthuhm
decrenses with Increase in altitude {Lomoline 2001). Studies have shown a monotanic
&mmmmmﬂummmmmh;ﬁuﬁﬂmmmmﬂm:
2010, June et at., 20k 5).

mmpmuwmmmmmmmum
--uﬁwwnlnmumllhhﬂurmﬂnﬂmnrmmmmiuﬂw@m
rmmMWMWMHmMJLMMdHTM{WW
Miﬂll}mmuhuughumdnﬂlmtﬁdmmhumw
.mmmw(#mﬂmm Moble et ul, 2007)Frestiwiter
-mmtmhﬂmmﬂh&uuhkhﬂiﬁﬂmnﬁmwﬁumi
of mutrient recycling via fish excretion (Vanni 2002, Capps et al,, 2015). Fisheries.
-m“mﬂwmﬂmmﬁpm&wwﬂmiﬂw
Wﬁwm{mmmmmmmmmwﬂmm
‘pressure exeried by artlsunal ﬂdmmdmquinmﬂrhﬁ"mhdwﬂh
;mmwurnmhmqmmﬁm
oustrialization, urbanization and farming sctivities around the river are the factors that
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contribate varlation it fish composition and divemity in Nigern. There are approximately
470 fish species currently known 1o exist i Mulaysia (Chong ef al, 2010), Freshwater
fishes are one of the threatened species and represent the most diverse group of
verichrates. (Bruton, 1995). There is much diversity in freshwater fishes of the equatorial
zone and it is difficult w readily charscterize them by building clades (Leveyue ef al.,
2008). Maximum fish species sre found fn the tropical mnd equatorlal sreas with an
overall decreuse in diversity wowards temperate and polur regions.

Feesh woter is nturally occioving weler in canals, rivers, reservoirs, lakes, sireams and
other land-locked waters (FAD,2014) that comprised of shout 0.00% of the total velume
of earth water (Stinssny, 1996}, There is distinctive freshwater fish fauna and fish
distribution pattern in each continent (BermL2001). They play an important role in the
field of cconomy in different countries, The fish diversity of Nepal had besn pootly
studied by Nepalese ichthyologist relative to other fauna (Bhusal et al. 2017).

Headwater sireams are generally shallow, clear and fast flowing water, usully sundy 1o
rocky bottom. cold with highly oxyeenated waler. Streams are usially flow under forest
eover that sometimes provide shade from 60% 1o 9% (Mobd ot al., 20014) and usually
only exposed particularly st the middle soction between banks of streams. Various
microhubits may be observed such as plunge — pools. rapids, riffles, leaf Titter depositing.,
snags and submerged logs and branches wnd over hanging hank’ vegetations. These
diverss micrihabits provide various needs to many different fish species.



3. MATERIALS AND METHODS

The present study area, Likbu River i situated in castern Nepal of Okhaldhungn district.
i has ol length of 75 Km from its origin point 1o end The river originates from glacker
Lurmoche above Gumdel village and surges through the Bhakunje, Bamti, Ragani, Sirse,
Ethurchim, Sagutar and fimally joins with the Saptukoshi River

! _.."I
Frrerfrrrl '
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] st s bine anty

Figure 1: Map showing the Study area
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3.4 Sampling of Environmental varinhles
The following Environmental variables were pnalyeed during each field visi:

3.4.1 Water tempernture
wmmwmmmmmm-wwuqum It was
recorided by placing u thermemeter in the water ot & depth of | foet for | minute and
obtmined valee was recorded.

3.4.2 Hydrogen bon eoncentration (plf)

The hyvidrogen ion concentration (piﬂurlh:wmrluﬂmmmnmﬂfhuwuiﬂh ur
basic is it. And it was measured by uvsing a calibrated pH meter (1) SB10T, HANNA
Instrument). Anterior bulb of pH meter was dipped in 00 ml water collected In o beaker
Tor o minule bn each sie durlng fish sumpling time and te value was reconded,

343 Water velocity

Water velocity is the speed at which rate it flows, ltmmmndbyﬂbnfmphﬂnﬁ
method. For this n ball, measring tape and stop watch was used. Ball was moved 10 flow
Iran initial poing mmmmuﬂ-hhm"mmm-br.mmﬁngmmw
enleulated the water velocity. :

3.5 Statistical analysis

Statlstical analysis of fsh number in relution with the envirommental varigblex wis
mhud&muﬁmuMWnMymmlmmmdmdﬁMuswm
divensity index, Simpson Index and Evenness were calculated by using R software
(Oksancn et al, 2019). The relation between speclen diversity and environmental
variables were anilyzed by comonical carrespandence malysis (CCA) method (ler Bragk
19884, ter Braak and Prentice 1968) by using vegan libeary in R {(Dksanen et al 2019



4.5.1 Shannon-Weiner diversity index ()

Shannon-Wiener Index (HY - is an information index and is the most commonly used
diversity index in ccology. Technically, the Shannon-Wiener Index (when applied 1o
ecalagy) quantifics the uncerminty associsted with prodicting the identity of new taxy
Biven number of txn and evenness in iﬂmdmuriudmﬂun:l:_wmm ench
=~ i Mx In ni N)

where ni is the mnhuflﬂvﬁuhufmm{himua}ﬂuﬂ'ufﬂszlmiﬁmd N
15 the total number of individuals (or biomuss) for the site. Values of H' can range from )
to 5, although they typically mnge from 1.5 o 3.5 The Shannon-Wiener Index assumes
that the sample for site was collecied randomly, The value of Shannon-Wiener Index wiis
calculated by applying the data in R program in the following ways,

= lihrary{vegmn)

> Diversity(diversity)

= Diversity{diversity, index = “Shannon™ and Rin.

3.5.2 Slm pson dominance index

Simpson's Index (4) I8 wctially o messues of dominance and g such weights towards the
abundance of the most eommon taxa. 1t is the probability that two individuals drawn g
random from an infinitely large community will be different species. Simpson's Index s
usially expressed as the reciprocal (D813} %0 that 64 & measure of diversity, higher
‘values represent higher diversity. 1f s less sensitive 10 rane species than the Shannon-
Wiener Index which is sometimes 1 positive anil sometimes o negative,

A8 it 15 1 probability, the Simpson's index ennges from 0t |
ADS=Tni{nt= | NON=1 =1 =Enigni- IN(N-1)

> libeary (vegan)

= diversity{dutal-1), index="simpson")

3 5.3Piclou evenness index

Pﬂwmmmmmmmmmumm_m

Index. H) 10 the maximum possible diversity value (when all species. are equally

common, Hmax~ln s where § is the twial number of species), For the Shannon-Wiener

Index, the Pielou evenness (J):

I=H'Hmax=H'ln §

Plelou evenness (1) Is constrained between O and 1.0 and the more variation in
9



sbundances between different taxa within the community, the lower J Unfortanately,
Pilow's 1 is highly dependent on snmple size {since § - the estimated number of species is
dependent un sampling effore) and is alan highly sensitive to rare .

= library(vegan)

=5 d"il}‘[ﬂl‘ll{,-l]"ﬂ.l,,lllm}

= diversity(datal-1], index="simpson"Mlog(s

A5 dMultivariate analysis

The relationship between species dhmmmmv&umml'wimlm were inalvzed by
Wmmmﬂmmmmwmmm correspondznce analysis (CCA)
method (Tar Break 1985 a, Tar Brank and Prentice Iﬂul‘ﬁxmha'\’mlihm in i (
Eirnn:netax..iﬁl'}}.
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4. RESULTS

er lemperature of the nmmdrm'mmwdudmwdiﬂhmmxml
It was recorded higher during spring season &t sité C than winter During the winier
Wwatar temperature ranged between 13%C to 14.75°C. Similarly, in spring season it
ed between 18°C 1o 20°C.

SinA Site B Sitec
Figure 2: Water temperature recorded at differcat sites and season of Likhu River

| LTS Sitw B Klym
Figure 3: pH value recorded at different sites und season of Likhu River




4.3 Water velocity (m/sec)
'-%Mnﬁuufﬂtmmuwﬂm“ﬂdinmdﬁmmﬂw
comparatively found less fn winter senson than spring season. It was recorded around 0. §
_mmmﬂmuﬂdmmnmmuﬁmﬂ?mmﬂ

i

Sitm & Sae B Shel
MﬁWNWMHMﬂHMMHﬂUHiM

4.4 Fish Diversity

lﬁhﬂimut'hﬂnﬁtmwﬂ'nﬂi waler fish species. A total of 10
ﬂﬁumﬁhmcﬁumndlﬁd#hnﬂﬁwdnﬁdrﬁﬂd!ﬂ‘
ﬁmu-mdsmmMmmwmmwmw
nM|mdmhﬁwTﬂHMmdhfﬂuwmm n the same
whﬂ;%ﬁhmhﬁu“ﬁﬁdﬁmﬁuﬂ“uﬂuﬂ
mmmﬁmm;mwmmhummmum
mmmmmwmmmmmmuﬂﬂ
urwmwmmmmummmﬂﬂﬁwkﬂm
Tiver were Pilarhynchus peevidocheneris, sehizothore pichardsonsy, Sehiatharachihys
progustus, (Garra famta (Tabke 1) The most sbundant fish spectes of Likhu River way
Prilorkynchuspseudochenesis with highest fish catch and lowest fish catch was of
Neolisochiiuy hexaganoteps




4.5 Species abundance ang distribiuition

Altagether 512 ﬁmwm-mmmw g period. Amang them total 10
Specles belonging 1 2 orders, 4 Fiumiflics and 8 peners  wers reeorded, Qrder

Neolissoohiushezagonoiepis wit Iowest frequency i 147and is shown in Table 3, The
mmmhmmfhnﬂyﬂmﬂmtdmmmbﬂdﬁnwmtg
Psilorhynehidae i1sp) miummmh!p&n;mmmmﬁd 1o Winter.



Cide Scasons Testal quu.mcyj
i Winter | Spring
Pseu_eeld 20 ?} 26 424
Sch_rich | 93 52 | 48 23,692
Sch_pro 4 36 50 ¥i60
Gar_lum 20 It a6 ST
Myr_bly 3 5 20 3367
Petlorhynchus peudochenesis | Paiio, paa | ki 156 42 W_‘
7 M{fmuw Schi_rup | R i kL 3,555
8 | Schivhoa devieyi Schidev | 13 5 [} 104
9 | Neollsschilus hevagamatepiy Neo hex | 0 = 157
25 CE

Glyptaharas pectinmpterus Gly_pes

14




S yprma{ormes

Figure 5: Onder-wise percentage composition of Mahes of Likhu River

® Memmacheliodss

LE R

Figure 6: Fumily — wise percentage composition of fishes of Likhu River




4.6 Diversity statys

o diversity index Was recorded in Winlerseason ang lowest in Spring:

m winter and lnumdunng.ipﬁng The
mduuasr:ptmdfmmwimnr i i

—— Bt
- —— BSHe B
— ——— Eiag g
031 0132 0,34
Simpsan bdey Evaness indey |

Simpson Inday Evenness Indgs
— - —
Figure 8: Showing seasan wise diversity indices of Likhy Khola




4.7 Ordination
The axis length of the ﬁmtllxhufwﬂﬂ‘hﬁpondmm: Analysis (DCA) was
found 3.68 standard devintion unit (S unit) followed by 3.97 by ihe seeond DCA axis
(Tuble3). The overall varience explained by the dita matrix was above 50%. Thus,
wpplication of RDA was not justified, So, CCA was applied.
Table 3: DCA summary

DAL DCAI  DOAI DOAS
Eigenvalues  0.5603 04019 02461 02133
Decorana values 0.6674 03925 02154 0.1488
Axislengths 36837 10778 21396 24380
4.8 Relationship between fish spectes, sites, seasony and environmental variables
The results obtained from the canonical correspondence analysis (CCA) plotted fn fig, 9
suggested that the envirommental variables of pH and water plays an imperative role 10
shape the fish nssemblage structure. Psiloriymehus preudochenesis, (ilyptathoras
pectinopterus and Schistura species showed the positive relation with site B and pH. AL
site C occurrence of Neolissochilurhexagonolepis mnd Schizothora species were higher,
Remaining fishes like Garralamta, Myersglanisblythi, Psewdochenexiseddviete, were
recorded from site A and showed the positive relation with winter season,




[=0]

CAZ
42

Figure 9: CCA annbysis of species abandance, sites and emvironmental varisble
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5. DISCussION

The pH vulue of the present study shows basic which is similar with Shrestha et al,,
(2009), Mishra and Baniya (2016), Limba et al, (2018) mnd Rashed e af, (2016), Vahse
of pH observed ranges 6.67 1o 4.8 {winter) and 7.6 10 7.95 (spring) indicates that water
mﬂlﬂlﬂ&‘ﬂhlh:lnnmmunhmmhmnmmdnﬂlncm
minimum i site A, Witter velogity of the present study was found (o be 0,55 misee i (L6
misec. Here, the site A wis sefecied hlgherdnﬂﬁmumpmdm:imﬂmﬁufm
water current was found to be higher in site B, Tﬁhm;_rmmmm water velocity
cannot fully depends upon the ultiude, Watgr velocity mainly depends upon the structure,
chameieristic featwres and waler volume of rivers, streams ere, A totul af 10 fish species
were reported ‘during the study period. Among them, Sehizothorar - righardsoni
Sehizothurachiing progasss mmd Patlorhynchuy pivudochenesls were the most nburdan
speies. Limbu ot al., (2019 reporied about 151 species from Eastern Mepol, Limby el al.,
(2016}, Limbu and Prasad (2017, Limbu et al., (201 §) identified 16, ¥ and & species [rom
Deumai Khola, Phews Khﬂhmdﬂlknhnivmﬁhntwmctul..ﬂm}mam
recorded 30 fish species from Tamor River. Subba ef al, (2017), Yadav (2017}, Shrestha
(2016), Shah (2016} roported Illﬁﬂudﬂwhﬁmhhrmdhﬂttﬂhﬁhﬁ
River, Triyuga River and Saptakoshi River of Eastern Nepal.

Tl date 252 fish species have been reported in Nepal including 15 orders, 35 families
and 104 genera (Shrestha, 2019). Among 15 orders, Cyprin iformes. is the most
dominuting order, The present study alse revealed the same result as of Strestha (2019),
Beeause amony 10 species Order Cypriniformes inchudes 7 species s 3 dominant species.
Thie result of this study is also consistent with the findings of Shrestha (2009), Pokherl
(2001}, Edds (1986) and and Limby et al, (2016). Majority of the fish species collected
from the River fill under the order Cypriniformes, this i the order of fresh water fishes,
which includes 2,422 spocies (Nelsan, 1984},

Highest number of individuals were found from Site A mm-heﬂml_c. It s because
this site was found undisturbed with the human activitics wnd also the volume of water
wmhiﬂs.ﬂwmmmﬂ}rum mdumdfw-mnpeﬁndufﬂmu&ermh
nat eastly approachable. So, chemical ralysis of the water was ot done. And the
restarch wos mainly focused o fish diversity. Sampling of fishes is done in P el flerent
seasan Le winier and spring duc o the same renson, According 16 the Tocal community
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and fisherman there, fishes like Anguilia bengalensiv and Tor spp. were also found. But
neither of them were caughi when we sampled. Because those are migmtory froshwater
species which migetes upward during monsoon for protection from ey Tlow st
Inwlands, 8o, it is obvicus of not ﬁndh;l those species during my sampling period.
Literatures also suggest naturally Mowing river water keeps discharging continually so
enotigh oxygen s avallable which ensure sufficient axygen fs present In the river for the
flabics inhabiting there. Local people and local fisherman also indicated thuot the
hydrocteatricity project broaght in process in the river has become one of the reason in
fess availability of fishes as before: It is seen the distribution of the fishes are declining
aleng with their papulation.

We have to consider this and put hands together for Hs conservation how we cun A
biodiversity index seeks 1o characterize the diversity of sample or community by o single
number (Magurean, 1988), The concept of the species diversity involves two components:
the number of specics or richness and the distribution of individusls amony spegies,
However, the formal treatment of the concepl und its measurement is complex
{Willinmson, 1973). The biodiversity index values {H') ohinined from present siudy i not
s0 very high acourding to Shannon-Weiner biodiversity index values and they do not
exuctly show the differences occurring among the Sites gither. Acconding 1o Keskin and
Unsal {1998} the reason for showing lewer species blodiversity is that fishing gears used
have high selectivity effect. Highest Shannon-Weiner diversity index (1.65), (1.83) was
found in site C and Winter (February) whereas lowest was ohserved at Site B and spring
(April) L.e (1.59) and (1.63), Simpson daminance diversity index value was highest in site
C nnd lowest value observed in site A. In the sow way hizhest evanness was recorded in
Site C and winter season. While lowest evenness ot site A and spring.ft may be the
seasonal effect and more disturbances ot site B brought by the develapmenta) warks there
at present. Likhu, HIll Stream River s ane of the el unexplored mwl
country which is found to suppan good habita foe the cold water Tresh water fishes,
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