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ABSTRACT

The study on the fish diversity of Tulsihawa Lake, Rupendehi, Nepal was carried out
four different seasons from October 2021 to July 2022. The cast net was used to
collect fish samples hiring local fishermen. Physico-chemical parameters were also
analyzed. A total species richness of 19 species was collected from Tulsihawa Lake,
out of which 2 species were nonnative. Order Cypriniformes and family Cyprinidae
were dominant both in species composition and individual capture. Amblyphryngodon
microlepis was dominant species accounting 50.53% followed by Puntius sophore
(14.99%) and Chanda nama (8.21%). The water quality parameters were found within
suitable range that supports fish diversity. Fish diversity was positively correlated
with temperature, transparency, dissolved oxygen, and alkalinity whereas turbidity,
pH, and total hardness negatively correlated. The Shannon - Weiner diversity index,
Margalef's richness and evenness index indicated a strong relationship with overall
species richness. So, it is concluded that Tulsihawa Lake harbors suitable habitat for

variety of fish species and aquatic inhabitants.

Keywords: Species diversity, Diversity indices, Water quality parameters, Cypriniformes

XV



1. INTRODUCTION

1.1 Background

Wetlands are natural or artificially created areas, such as marsh, swamps, river
floodplains, lakes, water storage areas and agricultural land that contain water from
underground water resources or atmospheric precipitation that can be permanent or
temporary, static or flowing, and fresh or saline water (National wetland policy,
2003). Wetlands provides favorable habitat of fish, wildlife and aquatic inhabitants
and are crucial in terms of their ecological, economic, cultural, social, recreational,
religious, and artistic benefits and serves as a transition between open water and
terrestrial systems providing a significant ecological benefit to the environment in
terms of biodiversity, habitat for aquatic flora and fauna, hydrological regime,
sustaining of local communities and storing large quantities of water recharge (Suwal
and Shrestha, 1990). Within Nepal's inland water resources, wetland areas make up
roughly 828171 hectares, comprising rivers and streams (48.38%), lakes (0.60%),
reservoirs (0.18%), village ponds (1.38%), marginal/swamps/Gholes (1.51%), low
land irrigated paddy fields (48.14%), irrigation canal (0.38%) and highway side
ditches with 0.03% (CFPCC, 2077/78). Lakes are the most significant supply of fresh
water and locations for recreation activities and some of them have religious
significance for people. Based on their origin, the lakes are divided into three
categories: tectonic, oxbow, and glacial lakes of which 17 glacial lakes are located
over 4000 meters and in the southern part of the country more than two dozen ox-bow

lakes are present (Sharma, 1977).

Fish serve as one of the most important indicators of the quality of the water and
demonstrate the abundance of biodiversity (Hussain et al., 2016) and play a
significant function in the aquatic ecosystem as a gauge of ecological health (Hamzah,
2007). Fish mass in rivers and lakes demonstrating geographical and temporal
variation as a result of anthropogenic activities and environmental variations (Jackson
et al., 2001, Tonn et al., 1990). Studies of ecological habitat, regular pattern of
distribution, and species composition of freshwater fishes are important elements that
are crucial for the fish community (Galactos and Barriga-Salazar, 2004). Swar and
Gurung, 1988; Gautam et al., 2010; Kumar et al., 2011 investigated the diversity of
fishes from different wetlands of Nepal. Shrestha (2001) reported 182 fish species



from Nepal and later in the year 2013, 228 native fish species were reported.
Recently, Shrestha (2019) reported 252 species (236 indigenous and 16 exotic) from
Nepal in his book “Ichthyology of Nepal”. Gautam et al., (2010) reported that 42 fish
species from Jagadishpur Reservoir and Oli et al., (2013) reported 22 species from

Rampur Ghol, Chitwan.

A number of variables including food, breeding grounds, water current, depth, terrain,
and the physio-chemical characteristics of the water, were almost always connected to
the accessibility, distribution, and species composition of fish in each human
settlement (Harris, 1995). The biggest risks to fish biodiversity include overfishing,
altered flow patterns, habitat degradation, siltation, invasion by foreign species,
pollution, eutrophication, and sedimentation (Helfman et al., 2009). Temperature and
dissolved oxygen concentration influence the distribution, abundance, and movement
of aquatic organisms (Alhassan, 2013). The water temperature, salinity, dissolved
oxygen content, and depth were significantly correlated with a number of different
fish species (Marshall and Elliott, 1998). According to Blaber and Blaber (1980) the
turbidity is associated with rich feeding grounds and offers fishes shelter while
macrophyte complex and water depth, significantly influence the spatial and temporal

variation of the fish community (Ye, 2007).
1.2 Tulsihawa Lake

The Tulsihawa Lake (latitude 27° 37'27.9", longitude 83° 19'08.3" and altitude 117
masl) is located in Lumbini province, Rupendehi district. There is little information
on diversity of Tulsihawa Lake. The eastern part of the lake, that was nearby the road,
and encircled by some large trees. The northern portion of the lake was close to
residential areas and was surrounded by smaller reservoirs. The western part of lake
was surrounded by agricultural land and also with small inlets. The southern portion

of the lake was surrounded by several bamboo trees and little herbs.



1.3 Objectives

1.3.1 General objective

The general objective is to investigate the Fish diversity of Tulsihawa Lake,
Rupandehi, Nepal.

1.3.2 Specific objectives
The specific objectives are:

a. To analyze the physico-chemical characteristics of Tulsihawa Lake.
b. To explore fish diversity of Tulsihawa Lake.
c. To analyze the relationship between fish diversity and physico-chemical

parameters in Tulsihawa Lake.
1.4 Significance of the study

Tulsihawa Lake is the largest and most important lake located in Rupandehi, Nepal. It
is crucial for the various aquatic vegetation and wildlife. According to local people,
the biodiversity especially aquatic inhabitants are declining in present days due to
pollution, habitat alteration and overfishing and little information on fishes so this
study explores the fish diversity of Tulsihawa lake with its water quality. This
information will help to update the fish diversity of Nepal and will provide baseline

data for further studies on ichthyofauna.



2. LITERATURE REVIEW

In Nepal, the oldest record on fishes was discovered on 18th century by Colonel
Kirkpatrick from Rapti river, Makwanpur district during his political mission from
East India Company in the year of 1793 A.D. Later, in the beginning of 19th century,
the fish fauna of Nepal was recorded by Hamilton in his book™ An account of the
Kingdom of Nepal" during the year 1822. Besides Hamilton (1822) a number of other
Ichthyologist such as Gunther (1861), Beaven (1877) and Day (1878) have also
studied and reported the fish fauna of Nepal.

Saund and Shrestha (2007) found exotic species Aristichthys nobilis and
Hypophthalmichthys molitrix to be dominant group whereas only two indigenous fish
Neolissocheilus hexagonolepis and Nazirator chlynoides were reported from
Kulekhani reservoir. The water quality parameters (surface temperature: 13.4 °C -
24.5 °C, pH: 8.2-9.4, transparency: 75.2 cm- 245.1 cm, DO: 6.2 mg/I- 10.4 mg/l, COa.
0.1mg/l — 0.15 mg/l, total alkalinity: 38 mg/l - 85 mg/I, total hardness: 36mg/l - 65
mg/l) were found in satisfactory level during their study. Gautam et al., (2010)
recorded 42 species belonging to 6 orders, 18 families and 34 genera from
Jagadishpur Reservoir where order Cypriniformes and family Cyprinidae were
dominant both in species as well as catch composition. Nandus nandus was the most
dominant species with 16.50% of the total catch. The water quality parameters were
found in a desirable range favorable for warm water fishes (surface water
temperature: 20.7 °C-31°C; pH: 6.8— 7.6; dissolved oxygen: 5.2mg/lI-8.7mg/l; free
carbon-dioxide: 11.1mg/I-23.6mg/l; total hardness: 68.2mg/I-137.5mgl; total
alkalinity: 69.6mg/1-192mg/l). Kumar (2012) recorded 9 orders, 18 families, 27
genera and 40 species from the Turkaulia Lake, Bihar, India where family Cyprinidae
was the most abundant, consisting 14 species Puntius was the dominant genus.
Murugan and Prabaharan (2012) carried out the study in Kamala Basin of Darbhanga
District, Bihar and reported 35 species with dominancy of family Cyprinidae. The
water quality parameters were found suitable to fishes (temperature: 22.2 °C - 31.4
°C; pH: 6.1 - 7.6; dissolved oxygen: 5.4 to 6.6 mg/l; free carbon dioxide: 2.6 - 4.8
mg/l; total hardness: 76.4 mg/l -114.2 mg/l; and total alkalinity: 93.0 - 110.0 mg/l).

Oli et al., (2013) listed 22 species (13 families and 5 orders) from Rampur Ghol,

Central Nepal and water quality parameters were found to be suitable range for



aquatic habitat (temperature: 17.35- 30.53 °C, pH 6.8-7.1, DO 5.97-8.57 mg/I, total
alkalinity 120-164.29 mg/l, and total hardness 121.36-160.29 mg/l). Bhattacharya et
al., (2014) found Cypriniformes as dominant group with 7 orders, 15 families, 26
genera and 39 species from the Kangsabati Reservoir, West Bengal, India and
concludes the chemical and physical characteristics of the water (temperature 18.33
°C-33.66 °C, pH 7.32 -8.45; DO 7.20 - 12 mg/l; CO2 3.33 mg/l- 9.66 mg/l; total
alkalinity 40.67 mg/l 94.44 mg/l, and total hardness 112.60 mg/I - 195.36 mg/l) favors
for fish cultivation and high ichthyofaunal diversity. Lamsal et al., (2014) reported 19
fish species from Ghodaghodi Lake, Kailali, Nepal.

Twenty-one species of fishes under 6 orders, 11 families and 17 genera were reported
from the Sagar Lake, India by Gupta and Wani, 2015. Family Cyprinidae (48%) was
found to be the most abundant family and Puntius sophore, Pethias chonchonius and
Puntius ticto were found to be the most abundant species of Sagar Lake. Joshi and
K.C. (2017) were studied the fish diversity in Ghodaghodi Lake, Kailali and reported
13 distinct fish species including 5 orders, 8 families, and 11 genera with dominancy
of Labeo gonius, Mystus tengara, and Nandus nandus. The study found highest
diversity index, species richness and evenness in January and lowest in October
Pradhan (2017) studied the fish faunal diversity and occurrence from Waldi Dam,
Parbhani, India and reported 17 species belonging to 3 orders and 12 genera where

Cypriniformes showed dominancy over rest orders.

Thapa (2018) reported 15 fish species; 5 orders, 7 families and 12 genera from
Dipang Lake of Kaski district. Cypriniformes was the dominant order consisting 46%
in terms of species composition and individual capture while Cyprinidae was the
dominant family contributing 29.43%. Puntius sophore was the most dominant
species, which made up 18.33% of the total catch. The water quality parameters
ranged from water temperature; 23 °C-30 °C, pH; 6.2-8, DO; 5.1 mg/I-8.38 mg/l, COo;
0.8 mg/l-3.2 mg/l, total alkalinity; 50 mg/l- 100 mg/l, total hardness; 12 mg/l- 36
mg/l. Pokharel and Chand (2019) reported 15 species (11 indigenous and 6 exotic) in
Begnas lake, Pokhara Nepal. Regarding composition and occurrence, the family
Cyprinidae was dominating over others. Chaudhary (2019) studied the fish diversity
of Koilahee taal, Kailali Municipality, Nepal and reported 13 species of fishes
belonging to 5 orders, 8 families and 11 genera dominated by Order Cypriniformes

(46%) and family Cyprinidae (28.08%) regarding species composition as well as

5



individual. Amblyphryngodon microlepis was found to be dominant fish species. The
water quality parameters (temperature: 26.5 °CG-31 °C, pH: 7.5 -8.5, DO: 5.5 mg/I-6.8
mg/l, CO2: 2.08 mg/l -4.7 mg/l, hardness: 42 mg/l-46.5 mg/l) were observed within

desired range which was favorable for lentic fishes.

Gedam et al., (2019) carried out study on Sanjul Lake, India and found 15 species
under 12 genera and 4 families where Cypriniformes (10) dominated over
Siluriformes (1) and Perciformes (3). Catla catla, Labeo rohita, Cyprinus carpio and
Cirrhinus mrigala were most abundant species from Sanjul Lake, India. Husen et al.,
(2019) collected a total of 26 fish species (20 native and 6 non - native) from three
lakes (Phewa, Rupa and Begnas) of Pokhara valley. Tharu (2020) studied on diversity
of fishes in Jagdishpur reservoir Kapilbastu, Nepal and reported that 31 indigenous
and 1 exotic species under 25 genera. Species and catch composition were dominated
by order Cypriniformes with 17 species and family Cyprinidae with 15 species and
Rasbora daniconius was the most dominant species whereas Badis badis was the
lowest in catch compositon. The water quality parameters temperature 19.5 °C-
32.1°C, pH 6.8-7.6, DO 5.2mg/l - 8.7mg/l, hardness 68.2mg/l-137.5mg/l and
alkalinity 69.6mg/I-192 mg/l were found that was favorable for aquatic inhabitants of
Jagdishpur reservoir. Tripathi and Yadav (2020) collected 23 fish species from the
Seetadawr Lake, Uttar Pradesh, India; family Cyprinidae was most abundant of all.
Genus Mystus and Channa were the dominant species. Singh and Bhattarai (2021)
studied in Jakhor Taal, Kailali district, Nepal, reported 24 species (16 native and 8
exotic species) and concluded the order Cypriniformes and family Cyprinidae was
dominant among all followed by Siluriformes and Perciformes; Clariidae (2) and
Channidae (2).



3. MATERIALS AND METHODS

3.1 Materials

3.1.1 Equipments

GPS (Garmin e Trex 10), Cast net, pH meter (HANNA- H198107), Thermometer, DO
meter (Teknik EM-83D) and sampling bottles.

3.1.2 Chemicals
5-10% formalin, NaOH, HCI, EDTA, Phenolphthalein, Methyl orange, Buffer, Starch.
3.2 Study Area

The Tulsihawa Lake lies in Rupandehi District, Province No. 5, Ward No. 9 of
Gaidahawa Rural Municipality. It covers 15 bigha of land and approximately 6 feet
deep. The location, at latitude and longitude of 27°37'27.9" N and 83°19'08.3" E, is
notable for its low height (117m above sea level). There is only one outlet but no
inlets in the lake. According to local people excess water during monsoon season is
discharged to the Emuriya River. The lake is bordered by tiny grasses, trees, bamboo
trees, cultivated land, human settlement on four sides whereas fifth site is close to the

road. The lake water is occasionally utilized for irrigation.

QA, °  Sampling Sites
) Study Area

0 25 50 100 150 200
—-—— m

Figure 1: Map of study area with sampling sites



3.3 Study Period

The field work was conducted from October 2021 to July 2022 covering four seasons

and each sampling sites were visited in October, February, April and June.

3.3.1 Selection of sampling sites

Site I: Sampling site | was chosen in the eastern part of the lake which is nearby the

road and encircled by large trees.

Site 11: The northernmost portion of the lake was selected as site Il. This location was

close to residential areas.

Site 111: The sampling site I11 was selected on western part of lake and surrounded by
agricultural land.

Site 1V: The southernmost section of the lake was chosen for sampling site IV near
the shores of the lake. Several bamboo trees and little herbs are all around
this location.

Site V: The sampling site VV was selected in an outlet region of the lake which is
surrounded by small grasses.

3.4 Water Parameters Analysis

Water samples of Tulsihawa Lake were collected during morning time (7:00 to 11:00
AM). The physico-chemical parameters (temperature, transparency, pH and dissolved
oxygen) were analyzed immediately in the field. Other chemical parameters alkalinity
and hardness were analyzed in the laboratory of Amrit Science Campus, Lainchaur,
Kathmandu followed by standard method of APHA (1998) and Trivedy & Goel
(1986).

3.4.1 Physical Parameters

3.4.1.1 Temperature

The temperature was measured by dipping the bulb of a standard mercury

thermometer into the water.



3.4.1.2 Transparency

The Secchi disc was used to measure transparency by lowering in the water until it
becomes invisible and record the depth in centimeters (cm). Then, the disc was
gradually pulled up and while reappearing next reading was noted. The transparency

was calculated by,
Transparency (D) = A+B/2
Where, D = Transparency in cm.
A= Depth at which Secchi disc disappears.
B= Depth at which Secchi disc appears.

3.4.1.3 Turbidity

The turbidity of the water is inversely proportional to the transparency and calculated

by following equation.
Turbidity(X) =1000/1.568Y-1.275
Where, X = turbidity
Y = transparency
3.4.2 Chemical parameters analysis
3.4.2.1 Hydrogen ion concentration (pH):
The pH was measured by using pH meter (HANNA- HI98107).
3.4.2.2 Dissolved Oxygen:
The DO in the water was calculated using a digital DO meter (Teknik EM-83D).

3.4.2.3 Total Alkalinity

Total alkalinity (Carbonate) of lake water was determined by titration against a
standard H>SO4 solution (0.02 N) with phenolphthalein and methyl orange and

calculated using the formula.

Total alkalinity (mg/1 as CaCO3) = (ml x Normality) of H,SO4x 50x 1000

Vol. of sample used in ml

Where,



ml = Amount of H2SO4 used during the Titration
N= Normality of H.SO
V= Volume of water sample taken (ml)

3.4.2.4 Total Hardness

It is the overall quantity of salt in the water (i.e., Chloride and Sulphate of Calcium
and Magnesium). The hardness of water was calculated by using the EDTA

Titrimetric method and calculated by,

Total Hardness (mg/1 as CaCOs) = Vol. Of EDTA used in ml x 1000

Vol. of sample used in ml.

3.5 Fish sampling and identification

The fishes were collected from five sites of Tulsihawa Lake in the morning with water
parameters. Local fishermen were hired for fish sampling. Locally prepared cast net
(mesh size 0.5 inch) was used to capture fishes. Five attempts were made for the fish
sampling with the help of the cast net in each station. Each species was counted and
local name of the fish species were noted from the local fishermen. The
morphological features like shape, bands, colour and patches were noted in the field.
Measurement and photographs were also taken and preserved in 8-10% formalin
solution, then brought to the Central Department of Zoology and identified using keys
(Shrestha ,1994/1981; Shrestha, 2019 and Jayaram, 2013). Later it was deposited in
the laboratory of Amrit Campus, Thamel, Kathmandu.

3.6 Species diversity index

The seasonal and sites wise diversity indices (Shannon - Weiner diversity index,

Margalef’s richness index and Pielou’s evenness index) were analyzed.
3.6.1 Shannon-Weiner diversity index (H")

The Shannon-Weiner diversity index (Shannon - Weiner, 1949) was used to estimate

the species diversity in a community.
H’=-Y (Pi)xIn (Pi)

Where,
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Pi= ni/N
ni = Number of individuals in each species
N= Total no. of all individuals in the sample.
In= Logarithm of base e.

3.6.2 Species richness index (d)

The richness of species was calculated using Margalef's species richness index
(Margalef, 1968) and denoted as d.

Margalef species richness (d) =S-1/ InN
Where,
S= Total number of species.
N= Total number of individuals.
3.6.3 Evenness index
To assess the species distribution of species among sample sites and seasons, the
Pielou’s evenness index (Pielou, 1966) was used. It is denoted by J and calculated as,
Pielou’s species evenness (J) = H’/ InS
Where,
H’= Shannon- Wiener’s diversity index.
S= Total number of species in the sample.
3.7 Statistical Analysis

The relation between fishes with water parameters were calculated by Karl Pearson

correlation coefficient formula (Gupta 1988).

Coefficient of correlation (r) : NEXY — (2X)(ZY)
JNEX? —(2X)?[N2Y? - (2Y)?

Probability of Error (P.Er.) = 1 — ;2

VN

0.6745
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4. RESULTS

4.1 Physico- chemical parameters

The physical parameters (temperature, transparency, turbidity, and color) and
chemical parameters (pH, dissolved oxygen, total hardness, and total alkalinity) were
measured.

4.1.1 Physical parameters of water
4.1.1.1 Water Temperature

The water temperature varied from 16°C to 31 °C throughout the year. The highest
temperature was recorded (31°c) in summer season at site V and lowest temperature
in winter (16°C) at site 1. (Fig.2).
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Figure 2: Variation of water temperature at five sampling sites in four seasons
4.1.1.2 Water transparency
The water transparency was recorded in each season from all sites. During the study
period, transparency value ranged from 26cm-35 cm. The maximum value (35cm)

was recorded at site | in autumn season and minimum value (26cm) was recorded at

site V in summer season (Fig.3).
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Figure 3: Variation of water transparency at five sampling sites in four seasons

4.1.1.3 Water Turbidity

The water turbidity was also recorded in each season from all sites. During the study
period, turbidity value ranged from 18.65cm-25.32cm. Water turbidity was found
higher (25.32cm) in summer season at site VV and lower (18.65cm) in autumn season
at site | (Fig.4).
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Figure 4: Variation of water turbidity at five sampling sites in four seasons
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4.1.2 Chemical parameters of water

4.1.2.1 pH

The pH value varied from 6.8-9 throughout the year. The highest value of pH
recorded at site IV (9) in winter season and lowest value at site | (6.8) in autumn. The
pH value fluctuates throughout the study period (Fig.5).
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Figure 5: Variation of pH at five sampling sites in four seasons
4.1.2.2 Dissolved oxygen
The DO was also recorded in each season from all sites. During study period DO was

ranged from 6.9-8.9(mg/l). The concentration of dissolved oxygen was found highest

(8.9 mg/l) in spring at site | and lowest value (6.9 mg/l) at site Il in summer season
(Fig.6).
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Figure 6: Variation of dissolved oxygen at five sampling sites in four seasons
4.1.2.3 Total Alkalinity
The total alkalinity of the water ranged from 115mg/l-156mg/l. The alkalinity was

found to be maximum at site | (156 mg/l) in winter and minimum at site Il (115 mg/l)

in summer season (Fig.7).
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Figure 7: Variation of total alkalinity at five sampling sites in four seasons
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4.1.2.4 Total Hardness

The total hardness of water ranged from 68 mg/l - 115mg/l. The hardness was found
to be highest at site V (115 mg/l) in summer and lowest at site 111 (68 mg/l) in autumn

season (Fig.8).
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Figure 8: Variation of total hardness at five sampling sites in four seasons

4.2 Fish diversity of Tulsihawa lake

The Tulsihawa Lake is a habitat for fresh water fishes of various types. A total of 19
different fish species (17 were indigenous and 2 were exotic) were found during the
study period belonging to 6 orders, 7 families and 16 genera (Table 1). Among the
total species Puntius sophore, Amblyphryngodon microlepis, and Chanda nama were
the dominant species. Among 17 indigenous species all species were found under
Least Concerned (LC). The conservation status was adopted from IUCN red list
(2019).
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Table 1: Systematic position of fishes with its local name and conservation status

S. | Order Family Name of Species Local name Threat
status

1. | Cypriniformes Cyprinidae Pethia conchonius Sidhre LC
(Hamilton, 1822)

2. Puntius sophore Sidhre LC
(Hamilton, 1822)

3. Puntius chola (Hamilton, | Sidhre LC
1822)

4. Salmostoma acinaces Chelawa LC
(Valenciennes, 1844)

5. Amblyphryngodon Dhawai LC
microlepis (Bleeker,
1853)

6. Esomus danrica Dudahi LC
(Hamilton,1822)

7. Labeo rohita Rohu LC
(Hamilton,1822)

8. Labeo bata Rohu LC
(Hamilton,1822)

9. Chela cachius Chane LC
(Hamilton,1882)

10. Cirrhinus mrigala Naini LC
(Hamilton,1822)

11. Cyprinus carpio Common carp *
(Linnaeus, 1758)

12. Hypophthalmichthys Silver carp *
molitrix
(Valenciennes,1844)

13. | Anabantiformes Osphronemidae | Trichogaster faciatus Khasti LC

(Bloch and Schneider,
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1801)

14. | Siluriformes Bagridae Mystus tengra Tenger LC
(Hamilton,1822)

15. | Perciformes Channidae Channa punctata Bhoti LC
(Bloch,1793)

16. Ambassidae Chanda nama Chaneri bijuwa | LC
(Hamilton,1822)

17. | Gobiiformes Gobiidae Glossogobius guiris Lato mancha LC
(Hamilton, 1822)

18. | Synbranchiformes | Mastacembelidae | Macrognathus pancalus Bam LC
(Hamilton,1822)

19. Mastacembalus armatus Bam LC
(Lacepede, 1800)

(Note: * indicates exotic species)
4.2.1 Distribution and frequency occurrence of fishes in Tulsihawa lake

Among 19 fish species, a higher number of total catches occurred as
Amblyphryngodon microlepis (664) and followed by Puntius sophore (197) and
Chanda nama (108) in total catch. On the basis of frequency distribution, the most
dominant species were Amblyphryngodon microlepis that contributed (50.53%) of
total number of catches followed by Puntius sophore (14.99%) and Chanda nama
(8.21%) respectively. From Site | 17 fish species were reported of which the most
prominent species were Puntius sophore, Chanda nama, Pethia conchonius, and
Amblyphryngodon microlepis. A total of 12, 13, 16 and 11 species were reported from
site II, 111, 1V and V respectively among which Amblyphryngodon microlepis, Puntius
sophore, and Chanda nama were the most dominant species. Chela cachius found

only in summer season (n=2) at site I.
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Table2: List of species recorded in different sites during different seasons

S. Scientific Name Autumn season Winter season Spring season Summer season
Sites Sites Sites Sites
v WiV iV gv LV v
1 | Amblyphryngodon + |+ |+ + |+ |+ [+ |+ ]+ ]+ |+ ++ ]+ | - |+
microlepis
2 | Puntius sophore + | + + + | + + |+ |+ |+ | + + + |+ | + + | +
3 | Puntius Chola -l - - + | - - 1-1-1 -1+ |+ |+ N
4 | Pethia conchonius + |+ |- + |+ |+ |+ -] -]+ |+ I + | -
5 | Chela cachius - - - - - A - + | - | - R
6 | Mystus tengra + |+ |+ + ] -+ |- -+ |+ + -+ | + |+
7 | Salmostoma acinaces -+ - + |+ |+ [+ |+ + ]+ |+ -+ o+ |+ -
8 | Glossogobius guiris - - - S I I I R N S ++ ]+ |+ |+
9 | Chanda nama + | + | + -+ T S I A S S + |+ | - + | +
10 | Chana punctatus - -+ T T I I e - N N R T
11 | Trigogaster fasciatus -+ |+ -+ -l -1 -1-1 - + N I U PR
12 | Macrognathus -l - - -] - N - -1 -1 - - |-
pancalus
13 | Labeo bata - - - - - -l - -] - - + |- B + | -
14 | Esomus danrica -+ |+ - - S -1-1-1 - - N T | -
15 | Cirrhinus mrigala -+ |+ + | + T I e s - + |+ | - + | -
16 | Labeo rohita -l - - + | - -+ -+ - - + 0+ + | + |-
17 | Hypophthalmicchthys -+ - - - -+ - - - + -] - - - |-
molitrix*
18 | Cyprinus carpio * -l - - + ] -+ --1-1-1H+ N N N T
19 | Mastacembalus -l - - - - - -+ - - - I - |-
armatus
(Note: * indicates exotic species)
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4.2.1.1 Order wise fish diversity of Tulsihawa lake

During the study, 19 species were captured with dominancy of order Cypriniformes,
which was 63.15% frequency and 12 out of total fish species. Similarly, Equal
number of (2) fish species belong to orders Perciformes and Synbranchioformes
which were about 10.52% of total fish species each respectively. The lowest number
of fish species belonging to order Siluriformes, Gobiiformes, and Anabantiformes
which were 5.26% each respectively. The most dominant order was found to be

Cypriniformes in Tulsihawa lake.

Frequency %

B Cypriniformes

10.52%

m Anabantiformes

10.52% 63.15%

m Siluriformes
® Perciformes
5.26%

B Gobiformes

B Synbranchiformes

Figure 9: Order wise species composition (%) of Tulsihawa Lake

4.2.1.2 Family wise fish diversity of Tulsihawa lake

During the study period altogether 7 families were enumerated. The highest number
of species belongs to the family Cyprinidae (63.15%) in the Tulsihawa lake, followed
by Mastacembelidae (10.52%) while the lowest number of fish species belonged to
family Osphronemidae, Bagridae, Channidae, Ambassidae, Gobiidae which were

contributing equals percentage of species by (5.26%) each respectively.
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Figure 10: Family wise species composition (%) of Tulsihawa Lake

4.2.2 Diversity status of fish

Seasonally and site wise, the Shannon-Weiner diversity index (H’), Margalef’s

richness index (d) and Pielou’s evenness index were calculated.
4.2.2.1 Site wise diversity indices of Tulsihawa lake

The highest number of fish species was recorded at site | whereas the lowest number
recorded at site V. The value of highest Shannon Weiner diversity index found at site
IV and the lowest at site 1. The maximum Margalef's richness value was observed in
station 1V, whereas the minimum was found at site V. Similarly, the highest evenness

index was recorded in site IV and the lowest in site I.
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Figure 11: Site wise species diversity indices in different sites

4.2.2.2 Season wise diversity indices of Tulsihawa lake

The highest catch 17 species was recorded in the spring season whereas the lowest
catch was recorded in autumn season only 13 species. The summer season had the
greatest Shannon-Weiner diversity index value (2.24) while the autumn season had
the lowest value (1.49). The maximum Margalef's richness value was observed (6.78)
during the summer season and lowest value (4.73) was found during the winter
season. Highest evenness index was found to be (0.80) during the summer season and

lowest value was found to be (0.56) during the autumn season.
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Figure 22: Season-wise species diversity indices in different sites
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4.2.3 Correlation between Physico-chemical parameters and fish diversity

The coefficient of correlation between several physico-chemical parameters and

species diversity was analyzed using MS Excel. There positive correlation was found

between fish diversity and water temperature, dissolved oxygen, total alkalinity and

transparency whereas a negative correlation was found between fish diversity and

turbidity, pH and total hardness (Table 3).

Table 3: Correlation between Physico-chemical parameters and fish diversity in

Tulsihawa Lake

S.N | Variables Correlation(r) Probable Error (PE.r)
1 Temperature with Fish diversity 0.08 0.15
2 Transparency with Fish diversity 0.20 0.14
4 Turbidity with Fish diversity -0.21 0.14
5 Dissolved oxygen with Fish diversity 0.05 0.15
6 pH with Fish diversity -0.42 0.12
7 Water hardness with Fish diversity -0.39 0.13
8 Total alkalinity with Fish diversity 0.09 0.15
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5. DISCUSSION

The study was conducted in Tulsihawa Lake Rupandehi, Nepal. The data was
accumulated over the course of one year, from October 2021 to July 2022 covering
four different seasons of autumn, winter, spring, and summer. The distribution and
metabolic processes of the many fish species in the lake are influenced by the
chemical and physical characteristics; temperature, pH, total alkalinity, total hardness,

conductivity, dissolved oxygen, and turbidity of the water.

The physical and chemical parameters like temperature, pH, transparency, turbidity,
dissolved oxygen, hardness and alkalinity were analyzed during the study. According
to Hutchinson (1957), the meteorological conditions are responsible for seasonal
water temperature. The temperature of natural water bodies may vary seasonally,
daily and vertically, all of which are correlated with changes in the atmosphere
(Kundanagaret al., 1996). The water temperature ranges from 16°C to 31°C highest in
summer season at station V and lowest in winter season at station 1. Murugan and
Prabaharan (2012) were also found temperature highest in summer and lowest in
winter from Kamala basin, Bihar while Thapa (2018) found highest in summer but
lowest in autumn from Dipang lake. Chaudhary (2019) from Taruwa pond and
Chaudhary (2019) from Koilahee taal recorded maximum temperature in spring
season and minimum temperature in winter season. Gautam et al., (2010) reported
water temperature ranged from 20.7°C to 31°C from the Jagdishpur reservoir. There is
a positive correlation between temperature and fish diversity (r=0.08). Joshi (2015)
from Ghodaghodi lake and Chaudhary (2019) from Koilahee taal also found positive
correlation between temperature and fish diversity which means the temperature

favors the diversification of fish species.

The rain fed turbidity, reflection of light and restriction of light penetration in an
aquatic environment are responsible for the transparency status (Stepanek, 1959) and
Gregory et al., 1991). Water transparency was found to be highest (35 cm) in the
autumn at station | and lowest (26cm) in the summer at station V but Tharu (2020)
recorded the highest value of transparency in the winter season and lowest in the
summer season due to the depth of the lake. Transparency of Tulsihawa Lake was
determined to be the lowest in comparison to other lakes, probably as a result of

decreased phytoplankton production and inorganic and organic material deterioration.
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Fish species and transparency had a positive correlation. Chaudhary (2019) also found
positive correlation between fish and transparency in autumn but negative in summer
season from Koilahee taal. The turbidity of the water was found to be higher (25.32
cm) in the summer at station V and lower (18.65 cm) in the autumn at station 1. Fish
species was negatively correlated with turbidity during the study period while Tharu
(2020) reported the maximum value in summer and the minimum in winter season

with positive correlation between fish diversity and turbidity.

The pH value below 5 and above 9.5 was unsuitable for aquatic life (APHA, 1998).
The diurnal fluctuation of pH should remain in the range of 6.8 to 8.5 to support the
optimum fish growth (Das, 1996). During the study, the highest pH value was
recorded at station IV (9) in the winter and the lowest value at station | (6.8) in the
autumn. Murugan and Prabaharan (2012) recorded the highest pH value in winter
(7.6) but found lowest in summer (6.1) from Kamala basin India. Bastola (2013)
observed the pH value ranged from 6.5 to 7.5 from Dipang lake and concluded that
pH value depends upon the precipitation of the calcium carbonate by planktons. The
pH value of Tulsihawa Lake indicates that it is mildly acidic to alkaline. Gautam et
al., (2010) recorded the pH value of the water ranged from 6.8-7.6 from Jagdishpur
reservoir. The correlation between pH and fish diversity of Tulsihawa lake was
negative (r=-0.42) while Joshi (2015) found positive correlation between fish

diversity and pH of Ghodaghodi lake.

Dissolved oxygen content is one of the most crucial variables that may be utilized as
an indicator for water quality, pollution, and plant growth in an aquatic habitat and
diverse aquatic biota can be supported by dissolved oxygen levels exceeding 5 mg/I
(APHA, 1998). The DO level in warm water habitats should not be less than 5 mg/l as
an animal will suffocate at a DO level of less than 5 mg/l (Boyd, 1982). The
concentration of dissolved oxygen was found highest in spring at station I (8.9 mg/l)
and lowest value at station Il in summer season (6.9 mg/l) in Tulsihawa lake which
was similar to the Murugan and Prabaharan (2012) from Kamala basin, Thapa (2018)
from Dipang lake, Chaudhary (2019) from Taruwa pond, Tharu (2020) from
Jagdishpur reservoir and Joshi (2015) from Ghodaghodi lake. The positive correlation
was found between dissolved oxygen and fish diversity (r = 0.05). Thapa (2018) from
Dipang lake, Tharu (2020) from Jagdishpur reservoir and Joshi (2015) from
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Ghodaghodi lake also reported, the fish diversity and DO was positively correlated.

The DO of Tulsihawa Lake was found to be at the ideal level for fish.

The desirable range of water hardness is 50 mg/l to 150 mg/l and acceptable range is
above 10 mg/l as calcium carbonate (Stone and Thomforde, 2004). During the study,
the total hardness of water ranged from 68 mg/l to 115 mg/l. The highest hardness
was found at station V in summer and lowest at station 111 in autumn. Similar findings
were found in Dipang lake by Thapa (2018), in Jagdishpur Reservoir by Tharu (2020)
and Gautam et al., (2010). The fish diversity was negatively correlated with total
hardness (r = -0.39). Joshi (2015) also found negative correlation from Ghodaghodi
lake.

Wurts and Durbo (1992) reported the alkalinity between 75 mg/l and 100 mg/l, but no
less than 20 mg/l, was recommended for aquaculture ponds. During the present study
the total alkalinity of the water ranged from 115 mg/l to 156 mg/l. The alkalinity was
found to be highest at station I in winter and lowest at station Il in summer season but
Thapa (2018) from Dipang lake and Tharu (2020) from Jagdishpur reservoir found
higher value of alkalinity in spring season and lowest in autumn season. Bhattacharya
et al., (2014) and Murugan and Prabaharan (2012) found a very low range of
alkalinity; 40.67 mg/l - 94.44 mg/l and 93.0 - 110 mg/l respectively. The total
alkalinity and fish diversity had a positive correlation (r= 0.09) in Tulsihawa lake. In
Jagdishpur reservoir Tharu (2020) also found positive correlation between fish
diversity and alkalinity.

During the study period, 19 fish species (17 indigenous and 2 exotic) belonging to 6
orders, 7 families, and 16 genera were collected from different sampling stations of
Tulsihawa Lake. Cypriniformes, Anabantiformes, Siluriformes, Perciformes,
Gobiformes, and Synbranchiformes are six orders that were found during the study
period. Cypriniformes (63.15%) was the most dominant order holding maximum
number of species and contributing maximum catch in percentage in comparison to
other five orders followed by Perciformes and Synbranchiformes (10.52 % of each) as
second dominant and Siluriformes, Gobiformes and Anabantiformes (5.26% of each)
as third dominant orders. Murugan and Prabaharan (2012), Tharu (2020), Chaudhary
(2019), Chalise (2020), Husen and Sherpa (2017) and Joshi and K.C (2017) also

reported similar results that mentioned Cypriniformes the most dominant order from
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Kangsabati reservoir, Jagadishpur reservoir, Taruwa pond, Gajedi lake, Begnas lake
and Ghodaghodi lake respectively. Amblypharyngodonmicrolepis, Puntius
sophoreand Chanda namawere found to be dominant forms as they were found at

most of the study sites of the lake.

In context of family level, Cyprinidae contributed 63.15% followed by
Mastacembalidae (10.52%), Osphronemidae, Bagridae, Channidae, Ambassidae, and
Gobiidae (5.26% of each) respectively. Thapa (2018) from Dipang lake, Chaudhary
(2019) from Taruwa pond and Chaudhary (2019) from Koilahee taal also found
Cyprinidae as the most dominant family. Chaudhary (2019) reported
Mastacembelidae as least dominant family form Koilahee taal but in Tulsihawa lake
Bagridae, Channidae, Ambassidae, and Gobiidae had lowest catch during study

period that might be due to inefficient implementation of fishing gears.

Out of 19 species, Amblypharyngodonmicrolepis (50.53%) had the highest frequency
than Puntius sophore (14.99%) and Chanda nama (8.21%). The highest frequency
distribution of Amblypharyngodonmicrolepis, may be due to suitable habitat,
sufficient food supply and favorable water quality of the lake. Chaudhary (2019) in
Koilahee taal, Chalise (2020) in Gajedi lake and Thapa (2020) in Dipang lake also
found Amblypharyngodonmicrolepisand Puntius sophoreas the most dominant
species. Tripathi and Yadav (2020) found that genus Mystus and Channa were the
dominant species from the Seetadawr Lake. The lowest frequency distribution was
observed in Macrognathuspancalus (0.07%) and Mastacembelusarmatus(0.07%).
Joshi  (2015) found Macrognathuspancalusas lowest catch composition in
Ghodaghodi lake and Chaudhary (2019) found lowest catch of Mastacembelus in

Taruwa pond; both genera fall under same family Mastacembelidae.

In Tulsihawa Lake, the maximum fish species was found in the spring seasons (17)
while least species were reported in autumn season (13). The highest numbers of fish
species recorded in the spring season was due to favorable conditions such as suitable
habitat and food availability. The total catch number was found to be high in station Il
compared to other stations. Mastacembalusarmatus was only recorded during spring
season at station I. Similarly, Macrognathuspancalus was found only during spring
season at station Il. The important indigenous fish species Pethiaconchonius,
Salmostomaacinaces, Chanda nama, Mystustengra were found to be dominant from
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most of the present study sites. According to local fishermen, Esomusdanrica is easily
found anywhere in this lake but during the study period low catches 0.53% out of total

catch was found.

The Shannon- Weiner diversity index specifies the comparative occurrence of many
species was used to associate species abundance and relative richness amongst species
(Whittaker, 1977). Biodiversity indexes aspire to characterize the diversity of a
sample or community by a single number (Margurran, 1998). The concept of species
diversity involves two components i.e., the number of species or richness and the
distribution of individuals among species. Shannon - Weiner diversity index considers
the richness and the proportion of each species while the evenness index represents
the relative numbers of individuals. High scores of Shannon - Weiner diversity index
(close to 1) indicate the high diversity and low scores indicates (close to 0) indicates
low diversity that means the Tulsihawa Lake is very rich in fish diversity. The highest
evenness index was found to be (0.82) at station IV and during the summer season
(0.80) whereas the lowest value (0.47) was found at station | and during the autumn
season (0.56). The maximum Margalef's richness value was observed (6.80) at station
IV and during the summer season (6.78), whereas the minimum value was found to be
(4.09) at station V and during the winter (4.73). Joshi and K.C. (2017) found the
highest diversity index (2.46), species richness (6.14) and evenness (0.96) in January
and lowest diversity index (1.75 in October), lowest species richness (3.91in July) and
lowest evenness (0.88 in October) from Ghodaghodi Lake.Chaudhary (2020) also
recorded the higher Shannon - Weiner index (1.17) and Margalef's richness index
(9.86) in the summer season, whereas higher evenness index in winter season (0.84).
Chalise (2020) was recorded highest Shannon - Wiener diversity index at site V (1.78)
during the summer season (1.15), Margalef evenness index at site V (7.03) during the
summer season (9.19) and evenness index (1.39) was found at site V (1.39) during the

winter season.
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6. CONCLUSIONS

6.1 Conclusions

Altogether 19 species from 6 orders, 7 families, and 16 genera, were reported from
the Tulsihawa Lake. Cypriniformes, Cyprinidae, and Amblypharyngodon microlepis
were the most dominant order, family, and genus. Puntius sophore, Pethia
conchonius, Chanda nama, Salmostoma acinaces were found commonly whereas the
Mastacembelus armatus and Macrognathus pancalus were found rarely. Maximum
numbers of fish species were captured during the spring season compared to other
seasons. The water quality parameters were found within suitable range that supports
fish diversity. The diversity indices show Tulsihawa lake have high diversity, richness
and evenly distributed fish species. So, it is concluded that Tulsihawa Lake harbors
suitable habitat for variety of fish species.

6.2 Recommendations

According to local people, Fish species in Tulsihawa lake are declining according to
the locals. If we are unaware of the biodiversity situation today, it is challenging to
quantify the loss of fish biodiversity. So, there are some recommendations that help to

conserve diversity and habitat of aquatic biota.

e The aquatic environment has been degraded due to anthropogenic activities
such as use of pesticides, unusual way of disposal of wastes so it is
recommended to minimize such activities by participation of locals and local
authorities.

e Fish poaching is a common problem in the lake and is responsible for fish
decline so a community and school-based conservation awareness campaign
should be conducted at regular intervals.

e Restriction of fishing in fish breeding season.

e As the lake is leased for fish farming by the management committee, the
Aquatic Animal Protection Act, 2017 and National Fisheries Development

Policy, 2079 should be followed strictly.
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PHOTOPLATES

PLATE I

Puntius sophore, (Hamilton, 1822) Puntius chola, (Hamilton, 1822)

Pethia conchonius, (Hamilton, 1822)  Amblyphryngodon microlepis, (Bleeker, 1853)

Chanda nama, (Hamilton, 1822) Salmostoma acinaces, (Valenciennes, 1844)
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PLATEII

Channa punctata(Bloch,1793) Mystus tengra (Hamilton, 1822)

Trichogaster fasciatus (Bloch, and Schneider,1801) Chela cachius (Hamilton, 1822)

Esomus danrica (Hamilton, 1822) Glossogobius guiris (Hamilton, 1822)
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PLATE-III

Macrognathus pancalus (Hamilton, 1822) Mastacembalus armatus (Lacepede, 1800)

Cirrhiinus mrigala (Hamilton, 1822)  Labeo bata (Hamilton, 1822)

Labeo rohita (Hamilton, 1822)  Hypophthalmichthys molitrix (Valenciennes,1844)

Cyprinus carpio (Linnaeus, 1758)
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PLATE- IV

Tulsihawa lake Fish sampling

Silver fish in cast net

Measuring pH of water Analysis of water parameter
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Appendix | Physico- chemical parameters during different seasons at selected sampling station

APPENDICES

S.N | Parameters Seasons/Stations
Autumn Winter Spring Summer
| 1 Il v V | I Il v V | I Il v \Y | 1 11 v \Y
1 Temperature | 24 26.5 | 26 273 | 283 |16 172 | 171 | 171 | 175 |26.2 | 251 |264 | 256 |26 294 | 296 |302 |308 |31
(0°c)
2 Transparency | 35 335 |27 32 345 |30 33 27 31 30 34 34 32 30 34 30 28 32 28 26
(cm)
3 Turbidity 18.65 | 19.51 | 24.35 | 20.44 | 18.93 | 21.85 | 19.81 | 24.35 | 21.12 | 21.85 | 19.21 | 19.21 | 20.44 | 21.85 | 19.21 | 21.85 | 23.45 | 20.44 | 23.45 | 25.32
(cm)
4 pH 6.8 7 8.2 7.7 8.4 8.8 8.7 8.8 9 8.8 8.2 8.3 8 8.2 8.1 8.4 8.5 8.6 8.4 8.3
5 Dissolved 8 7.5 7.9 7.8 7.6 7.5 7.8 7.3 7.1 7.9 8.6 8.1 7.9 8.5 8.4 7.1 6.9 7.5 7.3 8.1
oxygen(mg/l)
6 Total 78 88 68 74 82 112 98 94 88 90 86 98 88 102 80 98 100 110 106 115
hardness
(mg/1)
7 Total 130 120 150 140 120 156 144 152 136 140 140 150 120 130 140 120 115 130 120 125
alkalinity
(mg/l)
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Appendix I1: Order-wise fish species and total fish catch composition (%0)

S.N. Order Numberof species Frequency
1 Cypriniformes 12 63.15%
2 Siluriformes 1 5.26%
3 Anabantiformes 1 5.26%
4 Perciformes 2 10.52%
5 Synbranchiformes 2 10.52%
6 Gobiformes 1 5.26

Appendix I11: Family-wise fish species and total fish catch composition (%)

S.N Family No. of species Species composition
1 Cyprinidae 12 63.15%
4 Bagridae 1 5.26%
5 Osphronemidae 1 5.26%
6 Channidae 1 5.26%
7 Gobiidae 1 5.26%
8 Ambassidae 1 5.26%
11 Mastacembelidae 2 10.52%
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Appendix 1V: Distribution pattern

Tulsihawa lake

and frequency occurrence of fishes in

S. N | Name of species Stations Total Frequency
(%)
| I Il v V
1. Puntius sophore 45 52 24 21 55 197 14.99
2. Pethia chonchonius 17 30 17 11 23 98 7.45
3. Puntius chola 1 3 2 2 2 10 0.76
4, Amblyphryngodon microlepis | 228 | 205 | 55 50 126 | 664 50.53
5. Salmostoma acinaces 3 13 10 8 18 52 3.95
6. Chanda nama 12 33 19 19 25 108 8.21
7. Channa punctata 3 - - 5 1 9 0.68
8. Trichogaster fasciatus - - 6 3 - 9 0.68
9. Mystus tengra 2 5 10 10 3 30 2.28
10. Esomus danrica 2 - 1 4 - 7 0.53
11. Glossogobius guiris 1 2 7 9 11 30 2.28
12. Macrognathuss pancalus - 1 - - - 1 0.07
13. Chela cachius 2 - - - - 2 0.15
14. Labeo bata 4 - - 3 - 7 0.53
15. Labeo rohita 8 15 9 7 - 39 2.96
16. Cyprinus carpio 2 2 - 3 - 7 0.53
17. Cirrhinus mrigala 5 6 1 3 1 16 1.21
18. Hypophthalmicthys molitrix 10 - 3 2 12 27 2.05
19. Mastacembalus armatus 1 - - - - 1 0.07
Total 346 | 367 | 164 | 160 277 | 1314
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Appendix V: Station wise species diversity indices in different seasons

S.N Diversity indices Station

| 1 11 v \Y%
1 Shannon- Weiner diversity index 1.35 1.51 2.07 | 2.29 1.66
2 Margalef's richness index 6.30 4.28 541 | 6.80 4.09
3 Pielou's Evenness index 0.47 0.60 | 0.80 |0.82 0.69
Appendix VI: Season wise species diversity indices in different seasons
S.N Diversity indices Seasons

Autumn Winter Spring Summer

1 Shannon-Weiner diversity index 1.49 1.69 1.66 2.24
2 Margalef's richness idex 4.85 4,73 6.41 6.78
3 Pielou's Evenness index 0.56 0.65 0.58 0.80
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