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JOCHIIKEHHA ITPOCTOPOBUX I CE30HHUX
KOJINBAHD AKOCTI BOJIV TA PI3HOMAHITTA
BUIB PUB Y IIOTOIII MEH, TIMAJIAIL, IINBAJIIK,
IHOIA 3A JOIIOMOTOI0 CUCTEMHA
KAPTOITPA®YBAHHA ARCGIS'

Y docnioscenni ouintosanu axicmo 600u nomoxy Men, saxnueoi npumoxu piuxu bic y
Timanasx (usanix, Ximauan IIpadews, In0ist) wnaxom ananizy sMiHHUX HABKOTUUIHDOZO
cepedosuwa, iHoekcy AKocmi 600u i pos3nodiny eudie pub 3a donomoeoro I'eoepagiunoi
ingopmayitinoi cucmemu (GIS). IIpobu 600u 8i06upanu Ha 080x crmanyisx (uie ma Hux-
ue 3a meuieio) NPoOMsIOM oKy ma aHanizysanu ii pisui gisuxo-ximiuni napamempu. Y
docrionenHi sukopucmosysanu indexc sikocmi 600u Kanaocvkoi padu minicmpis Hasxo-
numinvoeo cepedosuua (CCME-WQI), wio s8idobpasxcae cmamyc skocmi 600u 8i0 «3a-
008i71bH020» 00 «2paHU4H020». JI7151 OUinKU KOpensuii mix izuko-ximiuHumu napamempa-
Mu 600U sukopucmosysanu xoediyicnm xopenauii Ilipcona. 3azanom 6yno 3natideno 23
8UOU PUb, AKi HAZEHAMD 00 6 Ps0i6 i 9 POOUH, 3 00MiHy8aHHIM npedcmasHuxie psoy Cypri-
niformes. B yepynosanusx pub cnocmepieanu ce3onti sminu. Indexc domirnysans 6ys naii-
suwsUM nio vac mycony, a indexcu Cimncona ma IllenHona — HATHUNCHUMU NI0 HAC MYCOHY
ma matixe 00HAKOBUMU 00 1 NICIIT MYCOHY 3 He3HAUHUMU KONUeaHHAMU. [IposedeHa Komn-
JIEKCHA OUIHKA BANHIUBA OIS Pe2YNI08AHHS PUOAbCMEA i 3a2a710M 0715 CIATI020 PO3BUNKY 6
pezioni.

Kntouosi cnosa: ixmiopayna, pisnomanimms, sikicmyv 800u, indekc sikocmi 600u Ka-
Haocvkoi paou minicmpie Hasxkonuuinvoeo cepedosuua (CCME-WQI), T'eoepagiuna in-
popmayitina cucmema (GIS), llusanix, limanai.
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Introduction

Water is among the most integral and crucial substances present on the
Earth as each and every organism depend on water for their existence [69].
Freshwater aquatic resources are available in the form of rivers, streams, lakes,
glaciers, ponds, etc. and cover about 0.5 % of Earth’s surface [68]. Additionally,
rivers constitute 0.01 % of the total water on the Earth but have enormous eco-
logical significance [78]. These water resources are vital for fisheries, hydropo-
wer generation, industrial activities, agriculture, etc. Various natural factors,
including atmospheric, hydrological, topographic, lithographic and climatic
ones, influence water quality [49, 71]. Global water quality is deteriorated by
various anthropogenic activities [77], industrialization [60] and agricultural
activities [21]. Water pollution is common problem in developing countries, so
management of water resources is of utmost importance [42].

Aquatic ecosystems harbor almost half of total vertebrates [27] and fish
forms maximum diversity among them [25]. Fish plays an important role in
maintaining equilibrium in aquatic ecosystems [58]. As fish communities are
sensitive to wide range of environmental stressors so are indicative of status of
aquatic ecosystems [40]. Their distribution is influenced by various environ-
mental variables such as water temperature, pH, dissolved oxygen, alkalinity,
availability of nutrients, etc. [59, 81]. An assessment of water quality is an im-
portant method of fishery management and sustainable development [1, 18].
The increasing pressure on aquatic ecosystems due to anthropogenic activities,
land-use changes, habitat losses, alien species, climate change, etc. results in al-
tered fish species richness, which needs to be checked [53]. Furthermore, con-
taminated water in addition to destroying aquatic life also deteriorates human
health [41].

The ArcGIS mapping system for analysis proves to be an effective geospa-
tial technology for managing water resources [14]. The GIS is a robust tool for
gathering, retrieving, storing, and analyzing geographical data [20]. Different
scientists use the ArcGIS mapping system for ecological evaluation in India [4,
10, 14, 19, 28, 34, 54, 57, 62, 67, 75].

The goal of the present study was to determine and classify the water quali-
ty of the Man stream based on variation of environmental variables, water qua-
lity index and fish species distribution using the Geographical Information
System (GIS).

Material and Methods

Study area. The Shivalik Himalayas stretches over 2400 km and extends up
to 50 km in Himachal Pradesh, having altitude of 600—1500 meters above
mean sea level [43]. The Bilaspur, Hamirpur, Una and parts of Kangra, Cham-
ba, Solan and Sirmaur districts come under the Shivalik range of the Northwes-
tern Himalayas in Himachal Pradesh.

The Hamirpur district is situated in the Shivalik Himalayas between 76°18'
and 76°44' E longitude and 31°25' and 31°52' N latitude having elevation from
400 to 1100 m. The district shares borders with the Mandi in the east, Bilaspur
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in the south, Kangra in the north and Una in the west. The Beas River separates
the Hamirpur from the Kangra and is a parent river to two tributaries, namely
the Man and Kunah streams in the Hamirpur district [2].

The Man stream (Figure 1) is a major left bank tributary of the Beas River
in the Hamirpur district, H.P. It originates in the Shivalik Hills of the lower Hi-
malayas, about 40 km long, with the total catchment area of approximately
180 km?, and joins the Beas River near the town of Nadaun. The stream passes
through mountainous terrain, dense forests and agricultural fields before drai-
ning into the Beas River. Two sites viz., upstream and downstream were selec-
ted for sampling (Table 1).

Water sampling and analysis. Water samples from the said stream were
collected for one year from January 2023 to December 2023, in 1000 ml sterili-
zed plastic bottles from two sampling sites for physiochemical analysis. The
physiochemical parameters such as pH, total dissolved solids (TDS), electrical
conductivity (EC), dissolved oxygen (DO) were analyzed in the field using digi-
tal probes. In this case, the total alkalinity, total hardness, calcium hardness,
magnesium hardness, concentration of chlorides, nitrates and phosphates
were analyzed in the lab titrimetrically and spectrophotometrically, following
APHA [7] and APHA, AWWA, & WEEF [8].

Fish sampling and identification. Fish samples were collected every month
from January 2023 to December 2023 by local licensed fisherman using cast net
and gill net. The collected samples were then put into 5—10 % formalin / 95 %
ethyl alcohol and brought to the laboratory for further identification. The taxo-
nomical identification of collected specimens was done using [22, 33, 70].

Statistical analysis of data. In the present research paper, data were analy-
zed on seasonal bases with March — June, July — September and October —
February representing pre-monsoon, monsoon and post-monsoon seasons,
respectively. The statistical analyses of data were done by the PAST (version
4.03). The spatial maps were made by the ArcGIS software (version 10.8.1)
using the Inverse Distance Weighted (IDW) interpolation method.

Calculation of Water Quality Index. The CCME-WQI (Canadian Council
of Ministers of Environment — Water Quality Index) was used to evaluate the
water quality of the stream, which is based on three elements i.e., scope (F1),
frequency (F.) and amplitude (Fs).

Fi (Scope) represents the percentage of selected parameters do not meet
the standard limits during analysis. It is calculated as

No. of failed variables
= -100

a Totalno. of variables

F, (Frequency) represents percentage of monitoring quality variables exce-
eding the standards. It is calculated as

No. of failed tests
= -100

=
Totalno. of tests
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Fig. 1. Map showing the area of study

Fs (Amplitude) measures the amount, by which failed tests do not meet
their objectives. It is calculated in three steps:
Step 1 — Calculation of excursion. It is the number of times, by which an in-
dividual concentration is higher (or less than, when an objective is minimum)

than the objective.

Table 1
GPS coordinates of different sampling sites within the Man stream
Sampling site Latitude Longitude Altitude (fts)
S1 (Upstream) 31°43'15.61"N 76°21'1.60"E 1653
S2 (Downstream) 31°45'44.84"N 76°2021.46"E 1581
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When the test value does not exceed the objective, it is measured as

Failed test value
Objective

excursion =

When the test value must be no less than objective, it is measured as

Objective
Failed test value

excursion =

Step 2 — Calculation of normalized sum of excursions (nse). It is the total
amount, by which individual tests are out of compliance. It is calculated as

n .
Z_?XCLII‘ S101n

Total no. of tests

nse =

Step 3 — Calculation of Fs (Amplitude). It is calculated by an asymptotic
function that scales the normalized sum of excursions from the objectives to

yield a range between 0 and 100.
nse

Fi=—————
0.01nse+0.01

Finally, CCME-WQI is calculated as

NF1? +F2% +F3? ]

CCME-WQI =100-
1.732

On the bases of the CCME-WQI value, water quality of the water body can
be categorized into five categories (Table 2).
Results and Discussion
Variation of environmental variables. A total of 12 physiochemical para-

meters, including water temperature, pH, dissolved oxygen (DO), electrical
Table 2

CCME-WQI categorization as per [29]
CCME-WQI value Water quality status
95—100 Excellent
80—94 Good
65—79 Fair
45—64 Marginal
0—44 Poor
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conductivity (EC), total dissolved solids (TDS), total alkalinity, total hardness,
calcium hardness, magnesium hardness, concentration of chlorides, nitrates
and phosphates were taken to analyze the water quality of the stream for three
seasons viz., pre-monsoon, monsoon and post-monsoon in two different sam-
pling sites i.e., S1 (upstream) and S2 (downstream). The range and mean value
of these physiochemical parameters are given in Tables 3, 4 and the mean varia-
tion of different physiochemical parameters are given in Figure 2. These para-
meters played a crucial role in creating prediction maps for the Man stream,
Shivalik Himalayas and associated with fish fauna diversity.

Temperature, an important ecological parameter influencing aquatic
communities [26], also regulates concentration of DO in the water [39]. Du-
ring the present study, the temperature of stream water ranged from 15.5 to
34.5°C. Maximum water temperature was recorded during pre-monsoon and
minimum — during post-monsoon in both the study sites, which may be due

Table 3
Range and mean value of different physiochemical parameters in the Man stream
upstream (S1) during different seasons

Seasons
Parameters
Pre-monsoon Monsoon Post-monsoon
Water temperature, °C 23-337 22.4-295 14.7-23
28.4 255 187
pH 7.6-9.1 69-79 8.1-89
8.4 7.4 852
TDS, mg/L 109-144 148156 105-150
12575 15166 133
EC, puS/cm 260—380 343—400 275-360
3325 367.66 329
DO, mg/L 58-7.4 52—-6.4 68-78
6.67 593 73
Total alkalinity, mg/L 164-285 196—-250 206—383
2145 194 2558
Total hardness, mg/L 128—184 173.6—200 170.4—188
2145 1912 178.56
Calcium hardness, mg/L 62.4-1412 1215-154.4 52-146.4
90.35 14196 107.04
Magnesium hardness, mg/L 428-119.6 24.4-52.1 33.6—1252
73.45 40.7 7152
Chlorides, mg/L 33-62 20-32 30-50
4425 25 37.6
Nitrates, mg/L 0.019-0.052 0.063—-0.117 0.014—0.063
0.031 0.088 0.044
Phosphates, mg/L 0.02—-0.048 0.064—0.119 0.02-0.095
0.031 0.093 0.044
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to day length and availability of sunlight, which was highest during pre-monso-
on season. During all the three seasons, temperature of S2 was higher than S1,
which may be due to altitudinal variation. Similar observations were also made
in the Godavari River [38] and in the Beas River in the Mid-Himalayan zone
[35]. In different water bodies in the Doon valley, water temperature ranged

from 18.9 to 21.5°C [37], which was lesser than the present findings.
pH shows acidic and alkaline nature of the water. The water with low pH

leads to decreased diversity of biotic communities, whereas, high pH shows
greater buffering capacity and high productivity of aquatic ecosystems [17].
During the present study, the value of pH ranged from 6.5 to 9.1. The highest
value of pH (9.1) was recorded during post-monsoon season and lowest (6.5)
— during monsoon season. The value of pH lies between acceptable limit as per
WHO [79] (6.5 — 9.2). During monsoon season, photosynthetic communities

Table 4
Range and mean value of different physiochemical parameters in the Man stream
downstream (S2) during different seasons

Seasons
Parameters
Pre-monsoon Monsoon Post-monsoon
Water temperature, °C 27345 231-307 155-245
30.02 2793 19.66
pH 7.4-88 65-8 78-9.1
8.15 7.45 8.48
TDS, mg/L 112-145 136—-158 117-146
128.75 150 129.8
EC, uS/cm 280-370 323—410 282-360
340 36433 330.4
DO, mg/L 6-7.6 58-6.6 7-7.6
6.57 6.1 734
Total alkalinity, mg/L 175-300 195-355 195-363
216.75 265.33 250
Total hardness, mg/L 230-180 152-200 1732-196
162.4 183.46 183.6
Calcium hardness, mg/L 38.4-1424 1062-1616 52-140
96.4 126.6 10592
Magnesium hardness, mg/L 37.6-1388 18.6-86.4 40-1332
66 5026 10592
Chlorides, mg/L 30-70 16-30 25-54
425 24.66 38.6
Nitrates, mg/L 0.019-0.061 0.074—0.108 0.042-0.082
0.032 0.093 0.062
Phosphates, mg/L 0035-005 | 005-0201 | = 0.031-02
0.043 0.118 0.089
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were washed away by heavy run-off, which may lead to increased CO; level in
the water, which in-turn leads to decreased pH of stream water. High pH values
during winters in the rivers of the Garhwal Himalayas were recorded by [9, 55].
pH of the stream was found mostly alkaline, which promotes high algal pro-
ductivity [45], which in turn promotes higher growth of fish fauna. pH range of
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Fig. 2. Mean variation of different physiochemical parameters in the stream (continued): e
— dissolved oxygen; f — total alkalinity; ¢ — total hardness; & — calcium hardness

7.06 to 8.35 was reported in the Ganga River [36], and pH value of 7.63+0.15 —
in the Tons River [48]. pH range from 7.52 to 8.03 was reported in different wa-
ter bodies of the Doon valley [37].

Total alkalinity and pH are two interdependent parameters and directly
proportional to each other. During the present investigation, the value of alka-
linity ranged from 164 to 383 mg/L. The highest value of alkalinity was recor-
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Fig. 2. Mean variation of different physiochemical parameters in the stream (continued): i
—magnesium hardness; j — chlorides; k — nitrates; | — phosphates

ded during post-monsoon and lowest — during pre-monsoon at both the study
sites. Alkalinity was found to be within the permissible limit set by the BIS [16].

In contrast to present findings, low values of the total alkalinity were recorded

in the Beas River and its tributaries, including the Gaj and Baner streams [14,

66].
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TDS and EC both measure the total dissolved ions and serve as an effective
indicator of water quality. A specific concentration of the ions in the water is
crucial, as they act as essential nutrients for aquatic life [23]. TDS was found
highest during monsoon in both the study sites and was within the standard li-
mits of the BIS [16], WHO [79] and USPHS [73]. High TDS during monsoon
season in the Beas River were also recorded by [35], which may be due to turbu-
lent water flow. TDS and EC are two interconnected parameters, so EC was also
recorded to be highest during monsoon in both the sampling sites of the stre-
am. EC was found to be slightly higher than permissible limits (300 pS/cm) of
USPHS [73].

DO is another important physiochemical parameter affecting the growth
and distribution of biotic communities in an aquatic ecosystem. DO shows in-
verse correlation with water temperature [32]. In the present stream, the maxi-
mum DO (7.8) was recorded during post-monsoon and minimum (5.2) — du-
ring monsoon season at S1. In the Beas River, the highest value of DO was re-
corded during winter season and its lowest value — during summer season
[35]. Various factors, including organic matter outflow, nutrient concentrati-
on, and presence of different chemicals, influence the amount of dissolved oxy-
gen in the water [64]. DO >5.0 mg/L is essential for proper growth and survival
of biotic communities, including fish fauna, in a particular water body [11, 12].

The value of total hardness ranged from 130 to 200 mg/L and was recorded
to be highest during monsoon and lowest during pre-monsoon at both study
sites. The value of total hardness of stream water shows hard to very-hard natu-
re of stream water as per WHO [79]. Lower values of total hardness in compari-
son to present study were recorded in the Beas River and in the Ganga River
and its tributaries [35, 50]. Calcium hardness was highest during monsoon in
both the sites, whereas, lowest — during post-monsoon at S1 and pre-monsoon
at S2. Limestone containing rocks are prime source of calcium in the water
[14]. Magnesium hardness was recorded to be lowest during monsoon period
at both sites, whereas maximum was recorded during post-monsoon and
pre-monsoon at S1 and S2, respectively.

Chlorides concentration was found to be highest during pre-monsoon sea-
son and lowest during post-monsoon season at both the study sites. Generally,
chlorides possess lower health risks, but high intake leads to serious health issu-
es [14]. High concentrations of chlorides correspond to open defecation and
domestic waste disposal [35]. During the present study chlorides concentrati-
on was found to be within the permissible limits of WHO (500 mg/L) [79], BIS
[16] and USPHS (250 mg/L) [73].

Both nitrates and phosphates concentration was found to be highest du-
ring monsoon at both the study sites. The inflow of agricultural runoff and al-
lochthonous material into the stream during monsoon contributes to high
concentration of nitrates and phosphates in stream water. Similar observations
were recorded in the Tons River [63], in the Ghagra and Gandak Rivers [61]
and in the headwater stream of Garhwal Himalayas [65].

Water Quality Index. Water Quality Index is a single value which integra-
tes varied physiochemical parameters, helping researchers or environmenta-

54 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2025. 61(2)



Jocnioxenns npocmoposux i ce30HHUX KOUBAHL AKOCHI 600U

lists to assess water quality trends of particular water body [3]. Different types
of WQI methods were developed for assessing water quality such as WAWQI
[30], CCME-WQI [47], NSE-WQI [15], Al-Olthman method [6], the House
index [72], etc. Out of these, CCME-WQI was widely used by different researc-
hers [5, 13, 24, 31, 44, 52, 74, 76] to evaluate the water quality of different water
bodies. The CCME-WQI offers various advantages such as its applicability for
water quality assessment in specific areas, adherence to various legal regulati-
ons and varied types of water use, tolerance for missing data and flexibility in
selection criteria [51, 78], so this method was used to evaluate water quality of
the current stream, which shows that stream water has «fair» to «marginal» wa-
ter quality (Table 5). Notably, the highest value of WQI was recorded during
pre-monsoon at S1 and lowest — during post-monsoon at S2, depicting margi-
nal water quality of stream water during post-monsoon. The ArcGIS mapping
of the CCME-WQI of stream water is given in Figure 3.

Correlation coefficient. Pearson’s correlation coefficient was used to evalu-
ate the correlation between different physiochemical parameters during diffe-
rent seasons.

At S1, during pre-monsoon (Figure 4, a), there is strong positive correlati-
on between DO and pH, DO and phosphates, nitrates and phosphates, nitrates
and calcium hardness, total hardness and TDS, total hardness and total alkali-
nity, EC and magnesium hardness and phosphates and calcium hardness. The-
re is perfect negative correlation between total hardness and chloride. Water
temperature shows negative correlation with pH, DO and nitrates. Also, there
is strong negative correlation between pH and EC, TDS and chlorides concent-
ration and phosphates and magnesium hardness.

During monsoon (Figure 4, b), there is strong positive correlation between
water temperature and calcium hardness, DO and pH, TDS and nitrates, nitra-
tes and EC, total alkalinity and chlorides, total hardness and nitrates, total har-
dness and calcium hardness, nitrates and calcium hardness, phosphates and
calcium hardness, chlorides and magnesium hardness and there is perfect posi-
tive correlation between TDS and EC. Whereas, there is strong negative corre-
lation between total hardness and chlorides, water temperature and pH, water
temperature and DO, total hardness and pH, pH and calcium hardness, phosp-
hates and DO, total alkalinity and nitrates, TDS and total alkalinity, TDS and
magnesium hardness, TDS and chloride, total alkalinity and calcium hardness,
nitrates and magnesium hardness and calcium hardness and chloride concent-
ration. There is perfect negative correlation between pH and phosphates, EC

Table 5
Depiction of CCME-WQI at different sampling sites in the stream during
different seasons

Sites Pre-Monsoon Monsoon Post-Monsoon
Site 1 73.2112 66.7427 65.5749
Site 2 68.27459 66.1638 60.6997

ISSN 0375-8990. I'igpobionoriunmii xypHai. 2025. 61(2) 55



Hlapma C., banian X.C.

76°20'0"E 76°20'30"E 76°21'0"E 76°21'30"E

~  Man stream
31°460"NT AN\ r31°46'0"N
31°45'30"NA F31°45'30"N
31°45'0"N+ F31°45'0"N
31°44'30"N+ F31°44'30"N
31°44'0"N F31°44'0"N
Legend
31°43'30"N1{ @ Sampling points F31°43'30"N
Man stream polygon
]
CCME-WQI
31°43'0"N- <VALUE> F31°43'0"N
[165.04603577 - 6591192627
[ 65.91192628 - 66.77781677
Il 56.77781678 - 67.64370728 o325 0.65 . —
31°42'30"N- Il 67.64370729 - 68.50959778 — 1 [31°4230"N

76°200"E 76°20'30"E 76°21'0"E 76°21'30"E

Fig. 3. GIS map showing spatial variation of the average CCME-WQI of the Man stream

and magnesium hardness, total alkalinity and total hardness and chlorides and

nitrates concentration.
During post-monsoon (Figure 4, c), there is strong positive correlation

between water temperature and calcium hardness, pH and total alkalinity, TDS
and EC, DO and magnesium hardness, total hardness and phosphates concent-
ration, whereas there is strong negative correlation between water temperature
and DO, water temperature and magnesium hardness, DO and calcium hard-

ness and magnesium and calcium hardness.
At S2, during pre-monsoon (Figure 5, a), there is strong positive correlati-

on between pH and chlorides, TDS and EC, TDS and total hardness, EC and to-
tal hardness, DO and chlorides, nitrates and phosphates concentration, where-
as there is strong negative correlation between DO and EC, TDS and phospha-
tes, EC and chlorides, DO and total hardness, chlorides and total hardness and
calcium and magnesium concentrations.
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Fig. 4. Pearson’s correlation coefficient between different physiochemical parameters in

the Man stream (S1) during different seasons: a — pre-monsoon; b — monsoon; ¢ —

post-monsoon
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Fig. 5. Pearson’s correlation coefficient between different physiochemical parameters in
the Man stream (S2) during different seasons: a — pre-monsoon; b —monsoon; ¢ —
post-monsoon

58 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2025. 61(2)



Jocnioxenns npocmoposux i ce30HHUX KOUBAHL AKOCHI 600U

During monsoon (Figure 5, b), water temperature shows strong positive
correlation with TDS, total hardness, nitrates and phosphates, TDS shows
strong positive correlation with EC and phosphates, total hardness shows
strong positive correlation with EC, nitrates and phosphate, total alkalinity
with magnesium hardness and chlorides, EC with calcium hardness, nitrates
with phosphates, chlorides with magnesium hardness. There is perfect positive
correlation between TDS and total hardness. In contrast, pH shows strong ne-
gative correlation with total alkalinity, nitrates, phosphates and magnesium
concentration, DO shows strong negative correlation with water temperature,
EC, phosphates, chlorides show strong negative correlation with EC and calci-
um hardness, whereas, DO shows perfect negative correlation with TDS and
total hardness.

During post-monsoon (Figure 5, ¢), there is strong negative correlation
between water temperature and TDS, water temperature and calcium hard-
ness, total hardness and phosphates, whereas, there is strong negative correlati-
on between water temperature and magnesium hardness, TDS and total hard-
ness, TDS and phosphates and calcium and magnesium hardness.

Fish species diversity. A total of 23 fish species belonging to 6 orders and 9
families were reported from the stream (Table 6). The order Cypriniformes is
the dominant order consisting of 3 families viz., Cyprinidae, Danionidae and
Nemacheilidae having 8, 4 and 2 species, respectively. Siluriformes is the se-
cond dominant order having 2 families, Siluridae (2 species) and Bagridae (1
species), which is followed by Anabantiformes having the family Channidae (2
species) and Synbranchiformes having the family Mastacembelidae (2 species).
Beloniformes and Ovalentaria/Misc. consists of family Belonidae (1 species)
and Ambassidae (1 species), respectively. Previously Cypriniformes order with
the family Cyprinidae was recorded to be dominant in Himalayan ecosystem
[56].

Table 6
Fish faunal species recorded in the Man stream, Shivalik Himalayas

Fish species

Order: Cypriniformes

Family: Cyprinidae

Cyprinus carpio (Linneaus, 1758)

Tor putitora (Hamilton, 1822)
Tariqilabeo diplocheilus (Heckel, 1838)
Garra gotyla (Gray, 1830)

Pethia ticto (Hamilton, 1822)

Pethia conchonius (Hamilton, 1822)
Osteobrama cotio (Hamilton, 1822)

Systomus sarana (Hamilton, 1822)

Family: Danionidae
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IIpoodosscenns mab. 6

Fish species

Opsarius bendelisis (Hamilton, 1807)
Barilius vagra (Hamilton, 1822)
Barilius barila (Hamilton, 1822)
Salmostoma bacaila (Hamilton, 1822)
Family: Nemacheilidae
Acanthocobitis botia (Hamilton, 1822)
Schistura horai (Menon, 1952)

Order: Siluriformes

Family: Siluridae

Glyptothorax pectinopterus (McClelland, 1842)
Glyptothorax indicus (Talwar, 1991)
Family: Bagridae

Mpystus bleekeri (Day, 1877)

Order: Anabantiformes

Family: Channidae

Channa punctata (Bloch, 1793)
Channa gachua (Hamilton, 1822)
Order: Ovalentaria/Misc.

Family: Ambassidae

Chanda nama (Hamilton, 1822)
Order: Beloniformes

Family: Belonidae

Xenontodon cancila (Hamilton, 1822)
Order: Synbranchiformes

Family: Mastacembelidae

Mastacembelus armatus (Lacepede,1800)

Macrognathus pancalus (Hamilton, 1822)

Diversity indices. Fish-faunal diversity indices assist in understanding the
diversity of the studied stream and the quality of water based on the observed
fish species. Table 7 shows seasonal variation of fish faunal diversity at S1 and
S2 sites of the Man stream. The dominance index is highest during monsoon
season at both the study sites, which shows dominance of some species such as
Cyprinus carpio, Channa punctata, Mastacembelus armatus, etc. during the se-
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Table 7
Fish fauna diversity during different seasons in the Man stream
Pre-Monsoon Monsoon Post-Monsoon
Indices
S1 S2 S1 S2 S1 S2

Dominance D 0.05931 | 0.05363 | 0.08245 | 0.06655 | 0.05709 | 0.05441
Simpson 1-D 0.9407 0.9464 0.9176 0.9335 0.9429 0.9456
Shannon H 2.894 2.997 2.598 2.768 2971 2.978

Evenness eAH/S 0.9035 0.9099 0.8954 0.9368 0.8872 0.9356

ason, as these can withstand turbulent water flow. Simpson’s index considers
both the number and abundance of species; a higher value of Simpson’s index
signifies higher ichthyofaunal diversity [17]. Simpson diversity index was near-
ly same during pre-monsoon and post-monsoon with insignificant fluctuati-
ons, whereas it was lowest at S1 during monsoon season. The Shannon index
considers both the number of individuals and the number of taxa. Shannon di-
versity index was also found the lowest at S1 during monsoon season and found
nearly same during pre-monsoon and post-monsoon season at both the study
sites. Evenness index was found to be highest during monsoon season at S2 and
lowest at S1 during post-monsoon season. The highest dominance and even-
ness index was recorded during monsoon in the Eastern Indian rivers [46]. The
Arc-GIS mapping of the average of different diversity indices is given in Figure
6.

Conclusion

The study revealed seasonal variations in environmental variables and
physiochemical parameters, with the stream’s water quality ranging from
«fair» to «marginal». The parameters like EC, calcium hardness, and magnesi-
um hardness exceeded the permissible limits set by the BIS, WHO, and USPHS
in all the three seasons. EC was particularly high during pre-monsoon and
post-monsoon also, while total hardness was highest during pre-monsoon,
surpassing permissible limits. Moreover, marginal water quality at S2 during
post-monsoon may be due to various anthropogenic activities and accumulati-
on of various domestic and agricultural waste waters brought about by surface
run-off during monsoon season.

The research identified 23 fish species, emphasizing the stream’s biodiver-
sity and the need for effective management to preserve this aquatic ecosystem.
Fish diversity was linked to the stream’s water quality. During pre-monsoon,
the Water Quality Index (WQI) was highest, as were Simpson’s and Shannon
diversity indices. Additionally, a high dominance index during the monsoon at
both sites indicated the prevalence of certain species adapted to turbulent water
flow.
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Fig 6. GIS map showing spatial variation of the average of different diversity indices in the
Man stream: a — dominance; b —Simpson; ¢ — Shannon; d — evenness

As the stream is a major tributary of the Beas River in Shivalik range of the
Northwestern Himalayas, the study provides valuable insight of varied envi-
ronmental variables on the biotic communities of both the stream and the Beas
River. The present findings highlight the need for continuous monitoring and
management of water resources to mitigate anthropogenic impacts and ensure
the health and sustainability of aquatic ecosystems.
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STUDIES ON SPATIAL AND SEASONAL VARIATION OF WATER QUALITY AND
FISH SPECIES DIVERSITY IN THE MAN STREAM, SHIVALIK, HIMALAYAS,
INDIA USING THE ARCGIS MAPPING SYSTEM

The present study assesses water quality of the Man stream, a significant tributary of
the Beas River in Shivalik, Himalayas, Himachal Pradesh, by analyzing environmental vari-
ables, Water Quality Index (WQI) and fish species distribution using the Geographical In-
formation System (GIS). Water samples were collected from two sites (upstream and do-
wnstream), over a year and various physiochemical parameters were analyzed. The study
utilized the Canadian Council of Ministers of Environment — Water Quality Index
(CCME-WQI) to evaluate water quality, depicting «fair» to «marginal» water quality sta-
tus. Pearson’s correlation coefficient was used to assess the correlation between physioche-
mical parameters. A total of 23 fish species belonging to 6 orders and 9 families was repor-
ted, with Cypriniformes being the dominant order. Diversity indices revealed seasonal va-
riations in fish communities, with the highest dominance index during monsoon and the
Simpson and Shannon indices lowest during monsoon and nearly the same during pre-
monsoon and post-monsoon with insignificant fluctuations. This comprehensive asses-
sment provides valuable insights for fishery management and sustainable development in
the region.

Keywords: fish fauna, diversity, water quality, the Canadian Council of Ministers of
Environment — Water Quality Index (CCME-WQI), the Geographical Information System
(ArcGIS), Shivalik, Himalayas.
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