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ÀÍÀË²Ç Ð²ÇÍÎÌÀÍ²ÒÍÎÑÒ² ÒÀ ÌÎÄÅË²
ÐÎÇÏÎÄ²ËÓ ÐÈÁÈ ÂÇÄÎÂÆ ÃÐÀÄ²ªÍÒÀ ÂÈÑÎÒÈ Â
ÏÎÒÎÖ² ÐÀÍÀ, ÎÊÐÓÃ ÌÀÍÄ², Õ²ÌÀ×ÀË ÏÐÀÄÅØ,

²ÍÄ²ß, Ç ÎÑÎÁËÈÂÈÌ ÀÊÖÅÍÒÎÌ ÍÀ ¯Õ
ÂÇÀªÌÎÇÂ’ßÇÊÓ Ç ÏÀÐÀÌÅÒÐÀÌÈ ÂÎÄÈ

Ð³çíîìàí³òí³ñòü ³õò³îôàóíè òà ìîäåë³ ¿¿ ðîçïîä³ëó äîñë³äæåí³ â ïîòîö³ Ðàíà,
ðîçòàøîâàíîìó â ðàéîí³ Ìàíä³, Õ³ìà÷àë Ïðàäåø, ²íä³ÿ. Âðàõîâóþ÷è çíà÷í³ çì³íè âè-
ñîò ³ êë³ìàòè÷íèõ óìîâ ó äîñë³äæóâàíîìó ðàéîí³, áóëî ïðèéíÿòî ñòðàòèô³êîâàíèé
ñèñòåìàòè÷íèé ï³äõ³ä äî âèá³ðêè. Ïîò³ê áóâ ñòðàòèô³êîâàíèé íà äâ³ çîíè, âèùå òà
âíèç çà òå÷³ºþ, íà îñíîâ³ ãðàä³ºíòà âèñîòè. Âñüîãî áóëî ³äåíòèô³êîâàíî ï’ÿòü âèä³â
ðèá, ùî ïðåäñòàâëÿþòü ÷îòèðè ðîäè òà äâà ðÿäè , à ñàìå Cypriniformes ³ Channifor-
mes. Êàðïîïîä³áí³ ïåðåâàæàëè. Ðîçðàõîâàíî êîåô³ö³ºíòè êîðåëÿö³¿ Ñï³ðìåíà ì³æ âè-
äàìè ðèá ³ âèáðàíèìè àá³îòè÷íèìè ïàðàìåòðàìè âîäè ó ïîòîö³. Äëÿ îö³íêè ð³çíî-
ìàí³òíîñò³ ³õò³îôàóíè ïîòîêó ðîçðàõîâàíî íèçêó ³íäåêñ³â ð³çíîìàí³òíîñò³, âêëþ-
÷àþ÷è ³íäåêñ Ñ³ìïñîíà, ³íäåêñ ð³çíîìàí³òíîñò³ Ñ³ìïñîíà, ³íäåêñ ð³çíîìàí³òíîñò³
Øåííîíà, ³íäåêñ ð³âíîì³ðíîñò³ Ï³ëîó òà ³íäåêñ Ìàðãàëåôà. Çíà÷åííÿ ³íäåêñó ÿêîñò³
âîäè (WQI) çì³íþâàëèñü â³ä 49,65 äî 55,14, òîáòî â³ä «äîáðî¿» äî «çàáðóäíåíî¿». Âèäî-
âå ð³çíîìàí³òòÿ âèÿâèëîñÿ âèùèì íèæ÷å çà òå÷³ºþ ïîð³âíÿíî ç âåðõíüîþ çîíîþ.
Ïîä³áíèì ÷èíîì ì³êðîá³îòîïè âíèç çà òå÷³ºþ òàêîæ õàðàêòåðèçóâàëèñü âèùîþ âè-
äîâîþ ð³çíîìàí³òí³ñòþ ³õò³îôàóíè. Âñòàíîâëåíî, ùî íèçüêèé ãðàä³ºíò âèñîò ³
ïîâ³ëüíà òå÷³ÿ â ì³ñöÿõ íèæ÷å çà òå÷³ºþ ñòâîðþþòü óìîâè äëÿ íàêîïè÷åííÿ ïîæèâ-
íèõ ðå÷îâèí ³ ñïðèÿþòü á³ëüø ³íòåíñèâíîìó ðîçâèòêó ðèá.

Êëþ÷îâ³ ñëîâà: ïîò³ê, ð³çíîìàí³òí³ñòü ³õò³îôàóíè, ô³çèêî-õ³ì³÷í³ ïàðàìåòðè,
³íäåêñè ð³çíîìàí³òíîñò³, êîðåëÿö³ÿ Ñï³ðìåíà, êàíîí³÷íèé êîðåëÿö³éíèé àíàë³ç
(CCA), ³íäåêñ ÿêîñò³ âîäè (WQI).
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Introduction

Freshwater ecosystems are integral to human well-being as demonstrated
by the significance of the fish populations they inhabit reflecting the ecosys-
tem’s health and vitality [14]. These ecosystems dispersed across different aqu-
atic habitats showcase diversity influenced by factors like altitude, flow pat-
terns, dissolved oxygen content, substrate makeup, and the presence of ripari-
an zones, which offer essential resources for sustenance and protection [4].

Freshwater environments, despite encompassing less than 1 % of the
Earth’s surface, harbor more than 40 % of the world’s fish species diversity [12],
establishing them as vital repositories of varied fauna, where fish play pivotal
roles as indicators of ecosystem well-being [28]. Many unique species are con-
fined to headwater streams [21, 29]. Nonetheless, these ecosystems confront
substantial and deleterious impacts resulting from climate change and human
activities [20].

Hill streams and headwaters are essential in shaping the morphology and
hydrology of larger river systems, impacting various abiotic parameters and
water availability. As vital components of fluvial ecosystems, streams signifi-
cantly enrich the diversity of aquatic fauna, including fish. Streams are delinea-
ted as narrow to wide corridors where water courses carving channels through
landscapes and geological formations. These environments fall within the cate-
gory of freshwater lotic ecosystems, renowned for their intricate flow dynamics
and diverse array of habitats, thus serving as invaluable ecological resources
[52].

Several factors influence the habitat preferences of fish in freshwater stre-
ams, including fish population dynamics, geomorphology, climate conditions,
flow patterns, temperature, dissolved oxygen levels, sediment composition,
and pollutant concentrations. The diversity of habitats plays a crucial role in
determining the structure and composition of fish communities within stream
ecosystems [16, 33]. Habitats with greater diversity tend to support a wider
range of species and age groups compared to less complex habitats. Therefore,
understanding how stream fish utilize their habitats provides valuable insights
into species niches and variations in the availability of specific instream habitat
structures. It is essential to integrate fish ecology with the diversity of physical
habitats across various spatial scales to comprehend how the habitats influence
fish distribution [18].

It is noted [11] that press disturbances, such as mining, logging, and chan-
nelization of stream, have notable impacts on fish communities. Specifically,
channelization reduces habitat variability, leading to the decline of sensitive
fish species and an overall reduction in fish diversity [32]. Further it was emp-
hasized [27] that channelization is a primary cause of stream habitat loss and
degradation, posing a threat to the biodiversity of running waters. Additional-
ly, increased severity of channelization results in changes to species compositi-
on, altering the stream ecosystem.

The performed investigations [11] have shown the recovery rate of fish
communities affected by channelization and found that lotic fish communities
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were not resilient to press disturbances without mitigation efforts. Species wit-
hin rock-substrate took significantly longer time to recolonize compared to
species within other reproductive guilds.

Moreover, effective restoration of habitats requires identifying relevant
habitat features and understanding potential limiting factors [9]. India contri-
butes approximately 7.7 % to the worldwide fish diversity, with 1,668 marine
species and 1,027 freshwater species [15, 17]. However, studies on the structure
of fish communities and their habitat necessities in Indian streams are scarce,
although some investigations have been carried out in the Himalayan area [1,
39, 50].

The state of Himachal Pradesh harbors diverse aquatic ecosystems, inclu-
ding hill streams, rivers, and reservoirs. Exploration of the fish fauna in Himac-
hal Pradesh traces back to the early 19th century with the arrival of European
traders and missionaries. Literature review reveals contributions from various
researchers in exploring the fish faunal resources across different regions of Hi-
machal Pradesh. Notable contributors include [6, 7, 23, 26, 30, 35, 36, 41, 47,
49]. The descriptions of 81 fish species belonging to 59 genera from Himachal
Pradesh are provided in [49], while 106 fish species comprising 58 genera, 19
families, and 8 orders are documented in [48].

The primary objective of current study is to examine the diversity and dist-
ribution of fish across varying altitudes in the Rana stream, situated in the Jo-
gindernagar region of the Mandi district, H.P. Furthermore, it seeks to assess
the correlation between fish diversity and specific physicochemical parameters
of stream water. Through this study, we aim to understand the fish diversity in
different habitats and the impact of physicochemical parameters on fish diver-
sity. By doing so, we can offer crucial information for future research on the
fish diversity of Himachal Pradesh that will aid in the conservation of fish di-
versity.

Material and Methods

Study area. The Rana stream, positioned in the Joginder Nagar area of the
Mandi district in Himachal Pradesh, India, is characterized by its continuous
flow (Figure 1). Its source is in the Bir Billing region of the Kangra district in
Himachal Pradesh, and it merges with the Beas River at Banaruawal in the
Mandi district, around 27 km away from the Joginder Nagar bus stand. The
water from this stream is utilized for various purposes including irrigation and
fish farming. Additionally, the Mahseer fish farm in the Joginder Nagar is loca-
ted on the right bank of this stream. Furthermore, several hydroelectric pro-
jects are present along its course.

Sampling design.The present study employed a stratified systematic samp-
ling approach. The sampling sites were designated as follows: an upstream lo-
cation adjacent to Sahib Bandgi Sant Ashram, Jogindernagar, located at a lati-
tude of 31o58'12.70''N and a longitude of 76o46'9.80''E. Downstream locations
were identified near Govt. Center Primary School Khuddar, positioned at a la-
titude of 31o56'21.49''N and a longitude of 76o47'42.48''E, and close to Shiv
Temple, Banaun, with a latitude of 31o57'17.39''N and a longitude of
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76o46'42.65''E (Table 1). Within each sampling location, fish were collected
from three distinct microhabitats: pool, run, and riffle. All collections were
conducted within a 1-kilometer radius of the sampling sites (Figure 2).

Physicochemical parameters of the water. To evaluate the water quality of
the Rana stream, we systematically gathered monthly water samples from spe-
cific locations along the stream from February 2023 to December 2023. Care-
fully, we collected samples in sterile 500 ml bottles. We conducted on-site mea-
surements of various abiotic parameters such as electrical conductivity (EC),
total dissolved solids (TDS), air temperature, water temperature, pH, and dis-
solved oxygen (DO) using digital probes. In the laboratory, we conducted as-
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Fig. 1. Map showing the study area of the Rana stream

Table 1
Location of sampling sites in the Rana stream

Site Latitude Longitude Name of location

Site 1 (Downstream) 31o56'21.49''N 76o47'42.48''E Near to Govt. Center Primary
school Khuddar

Site 2 (Downstream) 31o57'17.39''N 76o46'42.65''E Near to Shiv temple, Banaun

Site 3 (Upstream) 31o58'12.70''N 76o46'9.80''E Near to Sahib Bandgi Sant
Ashram, Jogindernagar



sessments of total hardness (TH), total alkalinity, phosphates, chlorides, nitra-
tes, and silicates following standardized methodologies outlined by [3].

Fish collection, preservation and identification. For fish collection, we have
obtained permission form the Directorate of Fisheries, Himachal Pradesh. Fish
specimens were captured using cast nets and gill nets over the period from Feb-
ruary 2023 to December 2023. Subsequently, these specimens were immersed
in a solution of formaldehyde with the end concentration of 5—10 % and bro-
ught to the laboratory for further scientific investigation. The identification of
individual fish species was conducted following taxonomic criteria and guide-
lines outlined in the publications [25, 54].

An analysis of data. Diversity indices were employed to assess species di-
versity across different altitudinal zones and microhabitats. The Shannon in-
dex of diversity (H‘), Simpson’s index (D), Simpson’s index of diversity (1-D),
Margalef’s index of richness (Dmg) and Pielou’s index of evenness (J) were
used to quantify species diversity, evenness, and richness of fish populations.
To assess variances between altitudinal zones and microhabitats the Krus-
kal-Wallis test was carried out. To examine relationship between fish populati-
on size and physicochemical parameters, Spearman’s correlation analysis was
employed. Additionally, Canonical Correspondence Analysis was utilized to
elucidate the dispersal of fish species in association with selected physicoche-
mical parameters. The Water quality Index (WQI) was used to know the stream
water quality.
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Fig. 2. Sampling design



Results and Discussion

Physicochemical parameters of water. The summary of water physicoche-
mical parameters is given in Table 2. In general, the downstream section of the
stream recorded the highest values for all these parameters.

Species composition. During the course of the current study, a sum of 5 fish
species (Barilius vagra (Hamilton), 1822, Channa orientalis Bloch & Schneider,
1801, Channa punctata Bloch, 1793, Tor putitora Hamilton, 1822, and Schizot-
horax richardsonii Gray, 1832) of four genera, two orders, and two families
were documented (Table 3). Among the two orders observed, Cypriniformes
emerged as the most dominant order. In the upstream area, only 2 species were
observed, namely Tor putitora and Schizothorax richardsonii. Conversely, in
downstream locations, all 5 species were encountered, including Barilius vagra,
Channa orientalis, Channa punctata, Tor putitora, and Schizothorax richardso-
nii. Furthermore, the distribution of fish species among different microhabi-
tats exhibited variability. All five species were found in microhabitat pools,
whereas in the running water microhabitat, except for Schizothorax richardso-
nii, all four species were present. In riffle microhabitats characterized by high
turbulence and velocity compared to runs, only three species were observed,
namely Barilius vagra, Channa punctata, and Channa orientalis.

Habitat preference of fish. Three major types of fish habitat were identified
at the study sites, i.e., pools, runs and riffles. Pools emerged as the most favored
habitat, whereas riffles were deemed the least favored habitat for fish.

Both snakeheaded fish i.e. Channa punctata and Channa orientalis fish re-
corded from all three habitats (pools, runs and riffles). Barilius vagra also inha-
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Table 2
List of physicochemical parameters of the Rana stream from (February 2023 to

December 2023)

Parameters Minimum Maximum Avg±S.D.

Air temperature (oC) 16.70 36.40 26.97±6.72

Water temperature (oC) 12.10 30.40 22.05±5.62

pH 7.30 9.90 8.50±0.78

TDS (mg/L) 21.00 94.00 55.41±20.45

EC (µs/cm) 106.00 188.00 132.14±24.75

DO (mg/L) 5.60 9.70 7.60�1.21

Alkalinity (mg/L) 16.50 75.00 34.91±19.30

Total hardness (mg/L) 11.00 68.00 37.51±16.83

Chlorides (mg/L) 11.28 48.00 22.84±9.15

Phosphates (mg/L) 0.01 0.83 0.19±0.22

Nitrates (mg/L) 0.01 0.33 0.09±0.09

Silicates (mg/L) 5.38 22.31 12.67±4.62



bited the all three habitats. Schizothorax richardsonii exhibited a preference for
pools as their habitat, which aligns with the findings reported in [50].

Tor putitora was observed in both pools and runs, consistent with the re-
sults of [50], who noted a preference for pool habitats among Tor spp. and oc-
casional presence in run habitats. The same results are reported by [26, 46]. The
juvenile stage of Schizothorax richardsonii specimens was noted in shallow side
pools distinguished by comparatively slower water flow and warmer tempera-
tures compared to the deeper mid-stream areas. This finding also corresponds
with literature data [50].

Fish diversity across distinct altitudinal zones. An overall diversity index for
the study area was recorded as D = 0.23, 1-D = 0.77, H’ = 1.53, with J = 1 and
Dmg = 0.89. The downstream areas demonstrated the highest diversity with
D = 0.63, 1-D = 0.37, H’ = 1.54, J = 1, and Dmg = 0.94, followed by upstream lo-
cations with D = 0.49, 1-D = 0.51, H’ = 0.69, J = 0.44, and Dmg = 0.31 (Table 4).
Additionally, the Kruskal-Wallis test found a significant variation between
upstream and downstream sampling locations. These variations may be attri-
buted to differences in altitude and climatic conditions between the upstream
and downstream areas. Physicochemical parameters such as air temperature,
water temperature, alkalinity, pH, TH, phosphates, silicates and nitrates were
notably higher in downstream locations compared to upstream locations. Ru-
noff from adjacent crop fields may contribute to higher nutrient concentrati-
ons in downstream locations.

During the present study, fish diversity exhibited a variation with altitude.
According to [38], fish assemblages are less diverse at higher altitudes due to
strong water currents near the origin, whereas they become more diverse to-
wards the merging point of the river where water volume is higher. Additional-
ly, it is stated [19] that fish populations in riverine systems generally display a
rise in species diversity as one moves from high to low altitude. Literature data
[34] suggest that downstream areas are marked by an open canopy and gentle
gradients, factors that help maintain higher water temperatures in streams.
Consequently, this leads to increased algal diversity. This higher algal diversity,
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Table 3
Composition of freshwater fish species reported from the Rana stream

Species Name Common Name Pool Run Riffle

Barilius vagra (Hamilton),
1822

Barred barila + + +

Schizothorax richardsonii
Gray, 1832

Gray + — —

Tor putitora Hamilton, 1822 Putitor mahseer + + —

Channa punctata Bloch, 1793 Spotted snake headed fish + + +

Channa orientalis Bloch &
Schneider, 1801

Smooth breasted snake hea-
ded fish

+ + +

Note. «+» — presence of a species, «—» — absence of a species.



in turn, supports better fish diversity. Thus, the characteristics of downstream
locations, as described, may account for the higher quantity of fish species ob-
served in current study.

Fish diversity across diverse microhabitats. Diversity indices of fish varied
significantly among different habitats (Table 5). Among the three microhabi-
tats studied, pools exhibited the highest diversity index (D = 0.35, 1-D = 0.65,
H’ = 1.46, J = 1, and Dmg = 0.92), followed by runs (D = 0.83, 1-D = 0.17, H' =
0.99, J = 0.68, and Dmg = 0.91), and riffles (D = 1.2, 1-D = -0.2, H' = 0.63, J =
0.43, and Dmg = 0.62). The results of the Kruskal-Wallis test indicated notable
disparities in fish diversity among different habitats suggesting marked diffe-
rences between microhabitats.

Top of Form. During the present study, the maximum diversity was repor-
ted in pools, followed by runs and riffles. Several factors could contribute to
this observation. One possible reason is the lower water current velocity in po-
ols compared to runs and riffles, leading to greater mineral deposition and en-
hanced algal growth [8]. Increased algal growth can facilitate higher fish
growth. Pools, being deeper than surrounding habitats, provide essential refu-
ge for fish, aiding in resting, seeking cover, and escaping predators [5], making
them the preferred habitat, which correlates with [50].

Distribution of fish. The observed variations in the distribution of fish spe-
cies among sampling locations could be attributed to dynamic physicochemi-
cal parameters. Parameters such as air temperature, water temperature, alkali-
nity, pH, TH, phosphates, nitrates, and silicates were notably higher downstre-
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Table 4
Calculated fish diversity indices of the Rana stream reported from upstream and

downstream locations

Indices Upstream Downstream

Simpson’s index (D) 0.49 0.63

Simpson’s index of diversity (1-D) 0.51 0.37

Shannon index of diversity (H') 0.69 1.54

Pielou’s index of evenness (J) 0.44 1

Margalef’s index of richness (Dmg) 0.31 0.94

Table 5
Calculated fish diversity indices of the Rana stream reported from different habitats

Indices Pools Runs Riffles

Simpson’s index (D) 0.35 0.83 1.2

Simpson’s index of diversity (1-D) 0.65 0.17 -0.2

Shannon index of diversity (H') 1.46 0.99 0.63

Pielou’s index of evenness (J) 1 0.68 0.43

Margalef’s index of richness (Dmg) 0.92 0.91 0.62



am compared to upstream. Consequently, higher species diversity was obser-
ved in the downstream region. Altitude emerges as a key factor, as evidenced by
the publication [53], which suggests that altitude notably impacts fish diversity
and species richness. This study indicates that a decrease in altitude correlates
with an increase in diversity. Additionally, it has been found [45] that stream
headwaters harbored fewer species compared to downstream stretches.

The decline in diversity and relative abundance at elevated altitudes could
be attributed to factors like fast-flowing currents, lower water temperature, and
diminished total outflow towards the sampling site in the upper reaches. This
concept is supported by [44], indicating an increase in fish diversity in the lo-
wer stretches of streams due to the significant input from numerous small stre-
ams, leading to heightened total outflow.

Relationship between fish population size and physicochemical parameters.
The Spearman correlation analysis results indicating the relationship between
species population size and various physicochemical parameters is given in
Table 6. Fish population size exhibited significant positive correlations with pH
(r = 0.586, P = 0.01), total hardness (r = 0.656, P = 0.01), and silicates (r = 0.438,
P = 0.05). However, there was non-significant correlation observed with EC,
TDS, DO and alkalinity.

Significant direct correlations with pH, TH and silicates suggest that an in-
crease in these parameters promotes fish population growth. The optimal pH
levels for fish growth typically fall within the range of 6.0 to 9.0, as also suppor-
ted by [42] indicating that water with pH between 6 and 9 is most conductive to
fish growth. In contrast, low pH levels, as noted by [10, 51], can have adverse ef-
fects on fish and disrupt the entire ecosystem.

Dissolved oxygen (DO) is a crucial environmental variable affecting aqua-
tic fish populations, with concentrations exceeding 5.00 mg/l being conductive
to the proliferation of living organisms. DO is a prominent environmental va-
riable that exerts immediate and direct effects on aquatic fish populations [2].
Although the correlation between DO and fish population size was not signifi-
cant. Fluctuations in DO levels, particularly associated with rising temperatu-
res, can contribute to fish mortality, as observed in Rewalsar Lake [31].

Silicates play a crucial role in facilitating diatom growth, as diatoms heavily
depend on silicon as the main constituent of their shells. The positive correlati-
on between silicates and fish population size underscores the critical role of
nutrient availability in establishing a conducive environment for aquatic orga-
nisms, especially those occupying the bottom trophic levels of the food chain.

Silicon plays multifaceted roles in diatom physiology. It has been found
[37] that silicon facilitates the nutrient uptake and provides defense against the
predators [22]. Adequate silicate concentrations support diatom proliferation,
which in turn serves as a primary food source for fish, thereby fostering high
fish diversity.

On the other hand, fish population size showed an important inverse cor-
relation with water temperature (r = -0.492, P = 0.05), while exhibiting insigni-
ficant inverse correlations with air temperature, nitrates, chlorides and phosp-
hates. This suggests that fish diversity declines with increasing temperature
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and nutrient levels. Elevated water temperature and nutrient concentrations
stimulate algal growth, leading to water eutrophication and subsequent algal
blooms [24]. Algal blooms can deplete oxygen levels in aquatic ecosystems, re-
sulting in fish mortality due to suffocation. Various impacts on fish mortality,
including suffocation, reduced population density, interference with breeding
sites and movement, and adverse impacts on fish fitness are reported by [43].

In summary, the current study indicates that rising air temperatures cont-
ribute to elevated water temperatures and deteriorating water quality, thereby
accelerating the eutrophication process in aquatic environments, which may
pose environmental and health challenges for fish populations, which correla-
tes with [40].

Therefore, these physicochemical parameters seem to have influenced the
growth of fish, population dynamics and diversity in the Rana stream.

Canonical Corresponding Analysis (CCA). Canonical Correspondence
Analysis (CCA) serves as a valuable tool for examining the relationship betwe-
en physicochemical factors and fish communities. In the CCA plot (Figure 3),
the length of arrows represents the importance of variables and indicates their
positive or negative correlation with the axes. The longer arrows signify a
stronger correlation with the axes.

The eigenvalues for CCA Axis 1 and 2 were 0.498 and 0.319, respectively.
Water temperature, air temperature, phosphates, and silicates exhibited positi-
ve relationships with both Axis 1 & 2. Conversely, EC, alkalinity, and dissolved
oxygen were negatively correlated with both axes.

TDS, TH, chlorides, and pH displayed direct relationship with Axis 1 and
indirect relation with Axis 2. Conversely, nitrates showed negative association
with Axis 1 and positive association with Axis 2.
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Fig. 3. CCA showing fish species and physicochemical parameters of the Rana stream



The distribution of freshwater fish species such as Schizothorax richardso-

nii and Channa punctata showed positive correlations with TDS, TH, chlori-

des, and pH. Barilius vagra exhibited a positive relation with phosphates, silica-

tes, water and air temperature, while Tor putitora correlated positively with nit-

rates. Channa orientalis exhibited a direct correlation with EC, DO, and alkali-

nity.
Water Quality Index. WQI acts as a numerical tool to evaluate water quali-

ty. This index provides a mathematical representation of water quality, typical-

ly varying from 0 to 100. Lower values, from 0 to 25, signify «excellent» water

quality, while values between 25 and 50 indicate «good» quality. Values from

51 to 75 represent «poor» quality, while 76 to 100 denote «very poor» quality. If

the index exceeds 100, it suggests that the water is «unsuitable» for consumpti-

on [13].
In the case of the Rana stream, the WQI ranges from 49.65 to 55.14. This

classification places the water quality of the Rana stream within the spectrum of

«good» to «poor» based on the WQI scale. Various physicochemical parame-

ters, including pH, TDS, EC, DO, alkalinity, TH, chlorides, nitrates, and phos-

phates, were considered in the calculation of the WQI (Table 7).

Conclusion

This study focused on the freshwater fish of the Rana stream in the Mandi

district contributing valuable knowledge to the limited understanding of the

aquatic fauna of Himachal Pradesh. The primary aim was to establish baseline

data on fish diversity to support enhanced conservation and management en-

deavors.
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Table 7
WQI of the Rana stream

Parameters Sn Wi
Upstream Downstream

Qi WiQi Qi WiQi

pH 8.5 0.12 99.57 11.47 100.32 11.55

TDS (mg/L) 1000 0.00 5.82 0.01 5.26 0.01

EC (ms/cm) 2000 0.00 6.92 0.00 6.30 0.00

DO (mg/L) 5 0.20 164.00 32.11 140.73 27.55

Alkalinity (mg/L) 120 0.01 25.41 0.21 32.77 0.27

TH (mg/L) 300 0.00 11.68 0.04 12.73 0.04

Chlorides (mg/L) 250 0.00 11.36 0.04 6.88 0.03

Phosphates (mg/L) 1.5 0.65 8.85 5.77 24.02 15.68

Nitrates (mg/L) 50 0.02 0.13 0.00 0.23 0.00

WQI 49.65 55.14

Note. Sn — standards for drinking water [55].



The selected hill stream harbor diverse biotic communities across various
microhabitats but face escalating threats from human activities. We documen-
ted five fish species from the chosen hill stream. Our observations indicated
that most species preferred pool habitats, followed by runs and riffles. Utilizing
various diversity indices, we identified deep pools as key habitats contributing
to the highest fish species diversity, followed by runs and riffles. Factors such as
low gradients, high meandering, elevated water temperature, and nutrient de-
position in deep pools downstream were associated with maximal species di-
versity.

We employed Spearman’s correlation method to examine the relationship
between abiotic parameters and fish population size, revealing significant di-
rect correlations with pH, total hardness, and silicates, while an inverse correla-
tion was observed with water temperature. Canonical Correspondence Analy-
sis method has also been used.

Assessment of water quality using the Water Quality Index (WQI) scale in-
dicated a range from «good» to «poor» quality in the Rana stream, signalling
pollution as a potential threat to aquatic fauna and fish diversity in the future.

Given the current state of the Rana stream, we recommend implementing
several conservation measures. These include developing a sewage manage-
ment plan, prohibiting fish killing practices, restricting pesticide usage, and ra-
ising awareness among the local community about the importance of conser-
vation efforts to safeguard aquatic ecosystems.

Literature Cited

1. Acharjee M.L., Barat S. 2014. Seasonal dynamics of ichthyodiversity in a hill stream
of the Darjeeling Himalaya, West Bengal, India. Journal of Threatened Taxa. 6 (14):
6635—6648. htps://doi.org/10.11609/ JoTT.o3404.6635-48

2. Alabaster J.S., Lloyd R.S. 2013. Water quality criteria for freshwater fish. Elsevier.
3. APHA. Standard method for the examination of water and wastewater. 2012. 22nd

ed. Washington DC (USA).
4. Armantrout N.B. 1990. Fish distribution as influenced by aquatic habitat alteration

and species introduction. P. 199—206 / Conservation in developing countries: Problems and
prospects / Ed. by J.C. Daniel, J.S. Serrao. Proceed. of the centenary seminar of the Bombay
National History Society. 656 p.

5. Armantrout N.B. 1998. Glossary of aquatic habitat inventory terminology. Ameri-
can Fisheries Society, Bethesda, Maryland, USA. 150 p.

6. Banyal H.S. 2003. Ecology of fish communities of some selected streams of Western
Himalayas in relation to stream morphology. PhD Thesis. Punjab University Chandigarh,
India.

7. Banyal H.S., Bains N. 2023. An analysis of fish faunal diversity in aquatic resources
of the Dhauladhar Mountain Range of Western Himalayas, Himachal Pradesh, India.
Uttar Pradesh Journal of Zoology. 44 (23): 372—384. https://doi.org/10.56557/upjoz/2023/
v44i233797

8. Bisson P.A., Montgomery D.R., Buffington J.M. 2017. P. 21—47 / Methods in stre-
am ecology. Vol. 1: Ecosystem structure. 3rd ed. San Diego, CA: Acad. Press.
https://doi.org/10.1016/B978-0-12-416558-8.00002-0

9. Bond N.R., Lake P.S. 2003. Characterizing fish-habitat associations in streams as the
first step in ecological restoration. Austral. Ecology. 28: 611—621.

10. Brown D.J. 1982. The effect of pH and calcium on fish and fisheries. Water, Air,
and Soil Pollution. 18: 343—351. doi: 10.1007/BF02419422.

44

Áåéíç Í., Áàí³àë Õ.Ñ., Øàðìà Ñ.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(5)



11. Detenbeck N.E., DeVore P.W., Niemi G.J., Lima A. 1992. Recovery of tempera-
te-stream fish communities from disturbance: A review of case studies and synthesis of
theory. Environmental Management. 16: 33—53. https://doi.org/10.1007/BF02393907

12. Dudgeon D., Arthington A.H., Gessner N.O. et al. 2006. Freshwater biodiversity:
importance, threats, status and conservation challenges. Biological Reviews of the Cambrid-
ge Philosophical Society. 81: 163—182.

13. Etim E.E., Odoh R., Itodo A.U. et al. 2013. Water quality index for the assessment
of water quality from different sources in the Niger Delta Region of Nigeria. Frontiers in
Science 3(3): 89—95. doi: 10.5923/j.fs.20130303.02.

14. Facey D.E., Grossman G.D. 1990. The metabolic cost of maintaining position for
four North American stream fishes: effects of season and velocity. Physiological Zoology.
63: 757—776.

15. Fish Base. World Wide Web electronic publicaton. 2019 / Ed. by R. Froese, D. Pauly.
www.fshbase.org, version (12/2019). Accessed on 07 February 2021.

16. Golterman H.L. 1975. Physiological limnology. Amsterdam, Netherlands, Elsevier
Scientific Publishing. 97 p.

17. Gopi K.C., Mishra S.S., Kosygin L. 2017. Pisces. P. 527—570 / Current status of
freshwater faunal diversity in India / Ed. by K. Chandra, K.C. Gopi, D.V. Rao et al. Director,
Zoological Survey India, Kolkata. 624 p.

18. Gosselin M.P., Pets G.E., Maddock I.P. 2010. Mesohabitat use by bullhead (Cotus
gobio). Hydrobiologia. 652: 299—310.

19. Grando C. 2000. Ecology of communidades the paradigm of freshwater Pisces. Sevil-
la, University of Seville Secretariat Publications.

20. Grill G., Lehner B., Thieme M. et al. 2019. Mapping the world’s free-flowing rivers.
Nature. 569: 215—221. https://doi.org/10.1038/s41586-019-1111-9,2019.

21. Groombridge B. 1992. Global biodiversity status of earth’s living resources. Lon-
don, Chapman and Hall. 585 p.

22. Hamm C.E., Merkel R., Springer O. et al. 2003. Architecture and material properti-
es of diatom shells provide effective mechanical protection. Nature. 421: 841—843.
https://doi.org/10.1038/nature01416

23. Hora S.L. 1937. Distribution of the Himalayan fishes and its bearing on certain pa-
laeogeographical problems. Records of the Zoological Survey of India. 39 (3): 251—259.

24. Hudnell H.K. 2008. Cyanobacterial harmful algal blooms: state of the science and
research needs. Springer.

25. Jayaram K.C. 1999. The freshwater fishes of the Indian region. Delhi-110006, India,
Narendra Publishing House. 551 p.

26. Johal M.S., Tandon K.K., Tyor A.K., Rawal Y.K. 2002. Fish diversity in different
habitats in the streams of lower middle western Himalayas. Polish Journal of Ecology.
50 (1): 45—56.

27. Johansson U. 2013. Stream channelization effects on fish abundance and species
composition. Master Thesis. Department of Physics, Chemistry and Biology, Linkoping
University.

28. Karr J.R., Fausch K.D., Angermeier P.L. et al. 1986. Assessing biological integrity
in running waters: a method and its rationale III. Natural History Survey. 5: 28.

29. Kotelat M., Whiten T. 1997. Freshwater biodiversity in Asia with special reference
to fishes. The World Bank Technical Report N 343, Washington DC. 59 p.

30. Kumar A. 2010. Hydrological conditions of River Beas and its fish fauna in Kullu
Valley, Himachal Pradesh, India. Environment Conservation Journal. 11: 7—10.

31. Kumar P., Mahajan A.K., Kumar P. 2020. Determining limiting factors influen-
cing fish kills at Rewalsar Lake: a case study with reference to Dal Lake (Mcleodganj), wes-
tern Himalaya, India. Arabian Journal of Geosciences. 13: 872.

32. Lau J.K., Lauer T.E., Weinman M.L. 2006. Impacts of channelization on stream
habitats and associated fish assemblages in East Central Indiana. The American Midland

45

Àíàë³ç ð³çíîìàí³òíîñò³ òà ìîäåë³ ðîçïîä³ëó ðèáè

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2024. 60(5)



Naturalist. 156 (2): 319—330. https://doi.org/10.1674/0003-0031(2006)156[319:
IOCOSH]2.0.CO;2

33. Magnuson J.J., Tonn W.M., Banerjee A. et al. 1998. Isolation vs. extinction in the
assembly of fishes in small northern lakes. Ecology. 79 (8): 2941—2956.

34. McCabe D.J. 2011. Rivers and streams: Life in flowing water. Nat. Educ. Know.
3 (10): 19. https://www.nature.com/scitable/knowledge/library/rivers-and-streams-li-
fe-in-flowing-water-23587918/on 13/7/2020

35. McClelland J. 1839. Indian cyprinidae. Bishop’s College Press.
36. Menon A.G.K. 1951. Note on fishes in the Indian Museum. XLVII. On two new

species of the genus Nemachilus from Kangra Valley, Punjab. Indian Museum. 49 (2):
227—230.

37. Mitchell J.G., Seuront L., Doubell M.J. et al. 2013. The role of diatom nanostructu-
res in biasing diffusion to improve uptake in a patchy nutrient environment. PLoS One 8:
e59548. https://doi.org/10.1371/journal.pone.0059548

38. Nautiyal P. 2001. Ichthyofauna. P. 191—197 / Garhwal Himalaya, nature, culture
and society / Ed. by O.P. Kandari, O.P. Gusain. Srinagar: Transmedia Publ.

39. Negi R.K., Negi T. 2010. Assemblage structure of stream fishes in the Kumaon Hi-
malaya of Utarakhand State, India. Life Science Journal. 7 (1): 9—14.

40. Paerl H.W., Otten T.G. 2013. Blooms Bite the Hand That Feeds Them. Science.
342 (6157): 433—434.

41. Prasad B. 1919. On a new species of Discrognathus from Kangra Valley. Records of
Indian Museum. 16: 163—165.

42. Rajkumar K., Ojha M.L., Saini V.P., Sharma S.K. 2018. Effect of water hardness on
survival and growth of Labeo rohita (Hamilton) fry. Journal of Entomology and Zoology
Studies. 6 (5): 2337—2341.

43. Roegner A.F., Corman J.R., Sitoki L.M. et al. 2023. Impacts of algal blooms and
microcystins in fish on small-scale fishers in Winam Gulf, Lake Victoria: implications for
health and livelihood. Ecology and Society. 28 (1): 49. https://doi.org/10.5751/
ES-13860-280149

44. Sarkar U.K., Pathak A.K., Sinha R.K. et al. 2011. Freshwater fish biodiversity in the
River Ganga (India): changing pattern, threats and conservation perspectives. Reviews in
Fish Biology and Fisheries. 22 (1): 251—272. DOI 10.1007/s11 160-011-9218-6.

45. Schlosser I.J. 1987. The role of predation in age and size related habitat use by stre-
am fishes. Ecology. 68: 651—659.

46. Sehgal K.L. 1999. Coldwater fish and fisheries in the Himalayas: rivers and streams.
Technical paper N 385, Fisheries Rome, FAO. P. 41—63.

47. Sharma V.K. 1991. Fishes of Govindsagar, Himachal Pradesh. Fishery Bulletin.
15 (1): 61—63.

48. Sharma I., Chandra K. 2021. Pisces. P. 393—423 / Fauna of Himachal Pradesh, Sta-
te Fauna Series, 26 (Part-2), Zoological Survey of India.

49. Sharma I., Sidhu A.K. 2016. Faunal diversity of all vertebrates (excluding Aves) of
Himachal Pradesh. Biological Forum — An International Journal. 8 (1): 1—26.

50. Singh G., Agarwal N.K. 2013. Fish diversity of Laster stream, a major tributary of
river Mandakini in Central Himalaya (India) with regard to alttude and habitat specifcity
of fshes. Journal of Applied and Natural Science. 5 (2): 369—374. https://doi.org/10.31018/
jans.v5i2.334

51. Spyra A. 2017. Acidic, neutral and alkaline forest ponds as a landscape element af-
fecting the biodiversity of freshwater snails. The Science of Nature. 104: 1—12. doi:10.1007/
s00114-017-1495-z.

52. Stream. National Geographic Society. 2020. Washington, D.C.
53. Suarez Y.R., Souza M.M., Ferreira F.S. et al. 2011. Patterns of species richness and

composition of fish assemblages in streams of the Ivinhema river basin, upper Parana Ri-
ver. Acta Limnologica Brasiliensia. 23 (2): 177—188.

46

Áåéíç Í., Áàí³àë Õ.Ñ., Øàðìà Ñ.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(5)



54. Talwar P.K., Jhingran A.G. 1991. Inland fishes of India and adjacent countries. Ox-
ford-IBH Publ. Co. Pvt. Ltd., New Delhi. 1158 p.

55. WHO. Guidelines for drinking water quality. 2011. 4th Edition. World Health Or-
ganization, Geneva, Switzerland. http://apps.who.int/iris/bitstream/10665/44584/1/
9789241548151_eng.pdf

Íàä³éøëà 17.03.2024

N. Bains, Dr. Sci. (Biol.),
Department of Biosciences, Himachal Pradesh University,

Shimla-171005, India

H.S. Banyal, Dr. Sci. (Biol.),
Department of Biosciences, Himachal Pradesh University,

Shimla-171005, India
e-mail: dr.harinderbanyal@gmail.com

S. Sharma, Dr. Sci. (Biol.),
Department of Biosciences, Himachal Pradesh University,

Shimla-171005, India

ANALYSIS OF DIVERSITY AND DISTRIBUTIONAL PATTERN OF FISH ALONG
AN ALTITUDINAL GRADIENT IN THE RANA STREAM, MANDI DISTRICT,

HIMACHAL PRADESH, INDIA WITH SPECIAL FOCUS ON THEIR
RELATIONSHIP WITH AQUATIC PARAMETERS

The fish fauna diversity and distribution patterns were investigated in the Rana stre-
am situated in the Mandi district, Himachal Pradesh. Given the considerable variations in
altitude and climatic conditions within the study area, a stratified systematic sampling ap-
proach was adopted. The stream was stratified into two zones, upstream and downstream,
based on the altitudinal gradient. A total of five fish species were identified, representing
4 genera and 2 orders, namely Cypriniformes and Channiformes. Cypriniformes emerged
as the predominant order between the two. The study also examined the Spearman correla-
tion between fish species and selected abiotic parameters of stream water. Several diversity
indices, including Simpson’s index, Simpson’s diversity index, the Shannon index of diver-
sity, Pielou’s evenness index, and Margalef’s richness index, were employed to evaluate the
stream diversity. The Water Quality Index (WQI) values varied from 49.65 to 55.14, repre-
senting that water quality spanning from «good» to «poor». Species diversity was found to
be higher in the downstream altitudinal zone compared to the upstream zone. Similarly,
microhabitat pools exhibited greater species diversity. During the present study, we have
found that the low gradient and slow current velocity in downstream locations leading to
increased nutrient deposition in deep pools thereby favoured higher species abundance.

Keywords: stream, fish diversity, physicochemical parameters, diversity indices, Spear-
man correlation, Canonical Corresponding Analysis (CCA), Water Quality Index (WQI).
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