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ABSTRACT

The study investigates the ichthyofaunal diversity and environmental correlations of the Sai River in Uttar
Pradesh, India, focusing on spatial and seasonal variations in fish composition and abundance. Increasing
anthropogenic pressures and the presence of exotic species have raised concerns about biodiversity loss,
making regular monitoring and conservation strategies essential for sustaining the ecological balance of
river. Fish samples were collected from three sites along the Sai River and analyzed for taxonomic
composition across orders, families, and genera. Diversity was quantified using indices such as Shannon’s
Diversity Index, Margalef’s Index, Simpson’s Index, Dominance Index, and Evenness Index. Seasonal
variations were assessed across winter, pre-monsoon, and monsoon periods, while correlation analyses
were used to evaluate relationships between fish abundance and environmental parameters including
rainfall, relative humidity, minimum temperature, water transparency, and total dissolved solids (TDS). A
total of 39 fish species representing 8 orders, 16 families, and 28 genera were identified, with Cypriniformes
as the dominant order and Cyprinidae as the largest family. Diversity indices indicated a highly diverse
and evenly distributed fish community, with Shannon’s Index (3.56), Margalef’s Index (7.97), Simpson’s
Index (0.96), Dominance Index (0.076), and Evenness Index (0.90). Species richness was highest during
winter and pre-monsoon, while monsoon flooding and habitat disturbances reduced diversity. Correlation
analysis showed that rainfall had the strongest positive influence on fish abundance (0.396-0.553), followed
by relative humidity and minimum temperature, while water transparency (0.70-0.85) and TDS (0.52-0.56)
were also strongly correlated. The occurrence of exotic species and anthropogenic disturbances underscore
the need for immediate conservation interventions to protect the river’s biodiversity.
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Introduction regulate populations of other aquatic organisms and

supporting overall biodiversity (Karr, 1991; Power et
Fish are critical as keystone species and al., 1996). As consumers of algae and detritus, and
bioindicators within freshwater systems, helping  through their own decomposition, fish contribute to
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nutrient cycling essential for ecosystem function
(Holmlund and Hammer, 1999; Flecker, 1996). Mi-
gratory fish such as Salmon also transport nutrients
across ecosystems, benefitting terrestrial riparian
zones (Naiman et al., 2002). Fish’s sensitivity to wa-
ter quality, habitat conditions, and hydrological re-
gimes makes them effective indicators of freshwater
health species declines or absences often signal
broader ecosystem disruption and degradation
(Karr, 1981; Metcalfe, 1989). Some fish also reveal
impacts of overfishing or altered food web dynam-
ics, while their presence highlights ecosystem resil-
ience (Pauly et al., 1998; Jackson et al., 2001). The
deteriorating freshwater ecosystems have drastic
impact on the fish life. Specifically, populations of
migratory freshwater fish have witnessed an aver-
age 81% decrease between 1970 and 2020 (WWE,
2022; Deinet et al., 2020). Overfishing, fuelled by
high demand and unsustainable practices, increas-
ingly threatens fish populations and ecosystem sta-
bility (Welcomme et al., 2014; Cooke and Cowx,
2004). Habitat loss and degradation, including river
fragmentation by dams and conversion of wetlands
for agriculture, account for about half the threats to
migratory fish, followed by overexploitation and
increasing pollution (Grill et al., 2019; Winemiller et
al., 2016).

India, a megadiverse nation and one of the
world’s biodiversity hotspots including the
Himalayas, Western Ghats, Indo-Burma region, and
Sundaland (Andaman and Nicobar Islands) is not
exempt from this global trend (Mittermeier, 2005;
Praveen et al., 2017). Its extensive network of rivers,
lakes, and wetlands supports an exceptional array of
aquatic biodiversity: India boasts nearly 3250 docu-
mented fish species, with 964 inhabiting freshwa-
ters, fish biodiversity, ranking third in global fisher-
ies production and second in aquaculture (Jayaram,
2010; FAO, 2022; Sarkar et al., 2010). However, these
vital ecosystems now face intense pressures. The
discharge of untreated wastewater amounting to
more than 38,000 million liters daily into Indian riv-
ers exemplifies the severity of pollution, leading to
dangerous levels of organic matter, pathogens, and
heavy metals in water bodies (CPCB, 2022; Mishra et
al., 2018). The escalating impacts of climate change
particularly rising water temperatures and altered
flow regimes are most acute in tropical regions, fur-
ther aggravating the vulnerability of India’s fresh-
water fish populations (Heino et al., 2009;
Xenopoulos et al., 2005). Agricultural runoff com-
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pounds pollution with nutrient loads and toxic pes-
ticides, causing eutrophication and oxygen deple-
tion that threaten aquatic life (Yu et al., 2022; Garno
et al., 2025). Ongoing scientific research remains vi-
tal for deepening our understanding of freshwater
fish ecology, tracking species declines, and adapting
management practices to evolving environmental
conditions (Cooke et al., 2016; Dudgeon et al., 2006).
Only through coordinated, evidence-based action
can India and the world hope to arrest the decline of
freshwater biodiversity and preserve the critical eco-
system services upon which humanity depends
(Reid et al., 2019).

The Sai River, a lesser-known tributary of the
Gomti River which merges into the mighty river
Ganga, flows through the fertile plains of Uttar
Pradesh, India (Arya et al., 2020).The river holds sig-
nificant cultural and ecological importance in east-
ern Uttar Pradesh, being referred to as the Aadi
Ganga and revered in Hindu scriptures, serving as
a vital lifeline for local rural communities (Arya et
al., 2020; Praveen et al., 2017). Originating near the
village of Hardoi, it traverses key districts including
Raebareli, Amethi, Pratapgarh, and Jaunpur before
merging with the Gomti River. (Kumari and
Chaurasia, 2015) The river supports numerous agri-
cultural activities by providing irrigation water for
the predominantly agrarian populations along its
course (Mdadheshiya et al., 2023; 2024). Addition-
ally, it sustains local livelihoods through fishing,
contributes to groundwater recharge, and plays a
crucial role in biodiversity conservation. The river
harbors a diverse range of freshwater species, in-
cluding fish, aquatic plants, and invertebrates
(Praveen et al., 2017). Its floodplains and adjoining
wetlands serve as vital habitats for migratory birds
and indigenous fauna (Arya et al., 2020; Praveen et
al., 2017). However, scientific studies on fish diver-
sity in Sai River are very scarce. Besides, increasing
anthropogenic interventions have been causing se-
vere biodiversity loss in Sai River (Dutta et al., 2015).
Hence proper documentation of fish diversity of this
important ecosystem is imperative for conservation
and sustainable exploitation of its fish resources. The
present study was undertaken under this back-
ground with the objectives, 1. To study the distribu-
tion and abundance, pattern of fishes in Sai River.
And 2. To correlation of fish diversity with environ-
mental parameters to bring out critical environmen-
tal variables on fish diversity.
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Materials and Methods

Site Selection: This study was conducted along an
approximately 300 km stretch of the Sai River flow-
ing through Lucknow, Raebareli, and Pratapgarh
districts. For detailed ecological assessment, three
sampling sites (Sites A, B, and C) were selected, each
covering roughly 100 km to represent different eco-
logical zones within the river system. A map of the
river system with the locations selected for sampling
is given in Fig. 1.

Fish sample
identification

collection and taxonomic

The fish specimens were collected from fishermen
from the sampling sites along the river seasonally
during July 2024 to March 2025. Preserved fish
specimens were then transported to the laboratory
for detailed identification and confirmation of their
taxonomic status. Identification was primarily based
on morphological characteristics following standard
taxonomic references such as Nelson (2016) and
Jayaram (2010). Additional verification utilized the
online database Fish Base (Froese and Pauly, 2013)
to corroborate species identification and nomencla-
ture.

Relative Abundance

The abundance of the different fish species was es-
timated by quantifying the number of individuals
caught at each sampling site. These data were ex-
trapolated proportionally to estimate population
abundance across the entire surveyed water body.
Relative abundance of individual species was com-
puted as the proportion of each species” count rela-

Fig. 1. Map showing the Sai River with the Sampling Sites
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tive to the total fish population sampled (Williams et
al., 2023).

Biodiversity Indices

Fish community diversity and structure are being
assessed using several established indices to capture
species richness, evenness, and dominance. Fish spe-
cies diversity subjected to diversity analysis using
different indices like Shannon Weiner index (H)
(1963); Simpson Dominance index (D); Simpson in-
dex of diversity (1-D) (1949) Pielous Evenness (1966)
and Margalef’s index (1958). These indices provide
quantitative measures of the ecological status of the
fish assemblages sampled (Hossain et al., 2017).

Assessment of Conservation Status of the fishes

The conservation status of each fish species was
evaluated following the International Union for
Conservation of Nature (IUCN) Red List categories
and criteria (IUCN, 2023).

Physico-Chemical Parameters of Water

Water quality parameters such as temperature, elec-
trical conductivity (EC), pH, and salinity were mea-
sured in situ at all sampling sites using a calibrated
Hanna Combo HI98129 multi parameter meter
(Hanna Instruments, 2020; APHA, 2023). Transpar-
ency was recorded with a Secchi disc, and total dis-
solved solids (TDS) were measured onsite by an
IONIX TDS meter (Wetzel and Likens, 2000).
Monthly water samples were collected in sterilized
bottles and analyzed in the laboratory following
standard protocols for dissolved oxygen (DO)
(Winkler, 1888; Boyd, 2020), free carbon dioxide
(CO,) (Wetzel and Likens, 2000), Alkalinity, (APHA,
2023).
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Meteorological data (air temperature, precipita-
tion, wind speed, relative humidity, and solar radia-
tion) were obtained from the Indian Meteorological
Centre at Lucknow to know environmental factors
influencing fish distribution.

Statistical Analysis

All physico-chemical data were analyzed using
Microsoft Excel and SPSS software, while fish diver-
sity indices were calculated with PAST software
version 4.02 (Hammer et al., 2001; Hossain et al.,
2017). This integrated approach enabled compre-
hensive assessment of water quality dynamics and
their relationship with aquatic biodiversity in the Sai
River.

Results and Discussion

Fish Biodiversity of Sai River

A total of 39 fish species belonging to 8 orders, 16
families, and 28 genera were collected from the three
sampling sites of the Sai River. Among the orders,
Cypriniformes was the largest with 15 species, fol-
lowed by Siluriformes with 12 species. Other orders
included Anabantiformes (4 species), Perciformes (3
species), Synbranchiformes (2 species), and single
species from Clupeiformes, Osteoglossiformes, and
Beloniformes (Table 1; Fig. 2). Cyprinidae was the
most dominant family with 14 species, followed by
Bagridae (6 species), Siluridae (3 species), while
other families had one or two species each (Fig. 3).
This pattern aligns with previous studies reporting
Cyprinidae as the richest family in the Sai River
(Daisy and Kumar, 2020).

Comparatively, Prakash (2021) reported 58 fish

® Osteoglossiformes

30, = Cypriniformes
= Beloniformes
m Siluriformes

30, ' e = Clupeiformes
23% 8%

m Synbranchiformes

o = Perciformes

2% = Anabantiformes

Fig. 2. % Distribution of Orders of Fish Species collected
from the Sai River during the study period

species from various water bodies in Uttar Pradesh,
while Sahu et al. (2024) recorded 76 species from the
rivers and streams of the state, representing about
14.11% of India’s freshwater fish diversity. Kumar et
al., (2013) documented 62 species in Faizabad dis-
trict. The current study’s tally of 39 species reflects a
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Fig. 3. % Distribution of Families of fish Species col-
lected from the Sai River during the study period.

localized snapshot of fish diversity in the Sai River
system.

Threat Status of Fishes

Based on IUCN (2024) criteria, most species (35) in
the Sai River were classified as Least Concern (LC),
with three Near Threatened (NT) and two Vulner-
able (VU), indicating emerging conservation con-
cerns. Similar patterns have been reported in Indian
rivers such as the Ganga and Western Ghats sys-
tems, where studies by Raghavan et al., (2011) and
Dahanukar et al., (2011) highlighted the growing
number of threatened freshwater fishes due to habi-
tat loss, pollution, and overexploitation. Although a
majority of species remain LC, the presence of NT
and VU species suggests localized environmental
pressures. As noted by Lakra et al., (2010), continu-
ous monitoring and region-specific conservation
measures are essential to prevent further declines in
native fish populations.(Table 1).

Abundance and Distribution

The assessment of 39 fish species across the three
sites of the Sai River revealed distinct patterns of
abundance and distribution reflecting both environ-
mental stability and localized pressures. Dominant
species such as Puntius chola (Relative Abundance,
RA 7.67), Salmostoma bacaila (RA 7.13), and Cyprinus
carpio (RA 4.84) were consistently abundant across
all sites, indicating their ecological adaptability.
Similar patterns were noted by Sarkar et al. (2010) in
the Gomti River, where cyprinids, especially
Puntius species dominated moderately impacted
habitats. Moderately abundant species like
Mystustengara, Rita rita, and Xenentodon cancila likely
reflect habitat preferences for submerged vegetation
and deeper pools, paralleling findings from the
Ganga River system (Lakra et al., 2010). Conversely,
species with low abundance such as Bagariusbagarius
and Parambassislala might have affected by overfish-
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ing and habitat degradation, akin to trends docu-
mented in the Mahanadi River in Odisha where silt-
ation and pollution reduced diversity (Das et al.,
2023). Site C exhibited the highest species abun-
dance, possibly due to more heterogeneous habitats
or reduced anthropogenic disturbance. The presence
of exotic species like Oreochromis niloticus aligns with
ecological shifts seen in other North Indian rivers
due to aquaculture escapees (Prakash, 2021; Sarkar
et al., 2010).

Biodiversity Indices

The Simpson’s Diversity Index values remained
consistently high (~0.96) across all sampling sites
(Fig. 4), indicating a healthy, diverse fish assem-
blage. Slight seasonal declines during the monsoon
(July-August) likely reflect flooding and habitat dis-
turbance impacting species distribution, with diver-
sity rebounding post-monsoon and peaking in
March, possibly due to pre-spawning behavior and
food availability (Hossain et al., 2017; Rao et al., 2024;
Sarkar et al., 2013). Simpson’s index ranged from 0
(low) to 1 (high diversity), and values close to 1 de-
note ecological stability (Magurran, 2004).
Similarly, the Shannon Diversity Index (H)
showed obvious seasonal variation, with the lowest
values (~2.83) during monsoon and highest (~3.50)

Eco. Env. & Cons. 31 (4) : 2025

in late winter to spring (Fig. 5). This indicates re-
duced richness and evenness under monsoon stress
and more balanced communities in stable periods,
mirroring observations in other Indian rivers
(Sreekanth et al., 2016; Tremain and Adams, 1995).
Shannon’s index values above 3.5 reflect very high
diversity (Hossain et al., 2017).

The Dominance Index (D) values were generally
low (0.031-0.076), implying no overwhelming spe-
cies dominance and a well-balanced fish community
(Fig. 6). An increase during monsoon indicates a
temporary rise of hardy species dominance due to
environmental stress (Rao et al., 2024; Jhingran,
1991).

Evenness Index values ranged between 0.76 and
0.90, with peak evenness in March, showing equi-
table distribution of individuals among species (Fig.
7), supported by stable water quality and less distur-
bance in cooler months. Slight decreases post-mon-
soon suggests ecological readjustments (Bhatt et al.,
2012; Cassey et al., 2004; Shukla and Bhat, 2017).

Margalef’s Richness Index fluctuated from 4.75 to
7.96, peaking post-monsoon and early spring, re-
flecting flourishing fish richness when river condi-
tions stabilize (Fig. 8). Richness dropped during
monsoon due to flooding and habitat disruption,
consistent with patterns reported for major Indian
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rivers like Godavari and Brahmaputra (Rao et al.,
2024; Poddar et al., 2025; Nimasow et al., 2025).

Water Quality

The physico-chemical characteristics of water are
critical for aquatic ecosystem health, influencing
biodiversity and productivity (Wetzel, 2001). In this
study, dissolved oxygen (DO) levels across Sites A,
B, and C ranged from 6.7 to 8.5 mg/1 (Fig. 9), re-
maining within the optimum range for aquatic life
(Sargaonkar and Deshpande, 2003). Seasonal fluc-
tuations showed lower DO during pre-monsoon
months due to elevated temperatures and reduced
mixing, consistent with findings from Mishra et al.
(2009) and Singh and Saxena (2025) in Indian rivers.
Post-monsoon increases in DO, linked to enhance
aeration and cooler temperatures, support ecosys-
tem recovery (Sharma et al., 2014). Salinity was low
(<0.5 ppt) but exhibited seasonal variation, with
minimum during monsoon and maxima in dry
months (Fig. 11), attributed to evaporation and ion
concentration during low flows (Mariu et al., 2023).
Such fluctuations can affect fish physiology and im-
mune function as discussed by Wu et al. (2025) and
Das et al. (2025). Electrical conductivity followed a
similar seasonal trend (0.29-0.63 mS/cm), reflecting
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ion concentration changes (Fig. 12); these variations
influence fish habitat suitability as reported in other
northern Indian rivers (Venkatesharaju et al., 2010;
Nidhi et al., 2025; Verma et al., 2025).

pH values fluctuated seasonally (7.01-9.1) (Fig.
15), with higher alkalinity corresponding to in-
creased photosynthetic activity and lower CO, con-
centrations (Fig. 14) in winter (Mishra et al., 2023;
Mahajan et al., 2024). These findings align with ob-
servations by Trivedi and Goel (1984) and Singh et
al. (2021). Water temperature showed typical sea-
sonal variation (17.9-31.3 °C), affecting dissolved
oxygen and metabolic rates (Fig. 13), consistent with
Sharma et al. (2014) and Pandey et al. (2025).

Total dissolved solids (TDS) ranged from 230 to
444 mg/1, peaking in dry months due to evaporation
and anthropogenic inputs (Fig. 16), impacting fish
Osmoregulation as noted by Kumar and Dua (2009).
Free carbon dioxide exhibited seasonal peaks in
early summer because of decomposition and respi-
ration, influencing pH balance and biological activ-
ity (Wetzel, 2001; Das and Acharya, 2003). Transpar-
ency varied seasonally, lowest during monsoon due
to runoff and turbidity (Fig. 17), affecting light pen-
etration and primary productivity (Kalff, 2002;
Kundu et al., 2017). Ammonia concentrations
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showed seasonal spikes linked to temperature and
organic loading (Fig. 10), posing potential toxicity
risks (Camargo and Alonso, 2006; Sharma et al.,
2025). Alkalinity was highest in winter (Fig. 18), re-
flecting mineral dissolution and microbial decompo-
sition, important for buffering capacity (Kannel et
al., 2007; Li et al., 2025).

Correlation between the water quality parameters
and fish abundance

In this study, correlations between water quality
parameters and fish abundance showed varied pat-
tern across the three sites of the Sai River, reflecting
environmental influences on fish distribution. At
Site A, fish abundance had a strong positive correla-
tion with water transparency (0.70) and free CO,
(0.56), suggesting that clearer, moderately mineral-
rich waters promote fish presence. Weak positive
correlation with temperature (0.09) was also noted,
while ammonia (-0.57), total dissolved solids (TDS)
(-0.25), pH (-0.35), and alkalinity (-0.19) negatively
affected fish abundance (Vass et al., 2009; Sarkar et
al., 2010). Dissolved oxygen, salinity, and electrical
conductivity showed weak or negligible correla-
tions.

Site B showed moderate positive correlation with
transparency (0.62) and weaker positive correlations
with alkalinity (0.21), free CO, (0.19), dissolved oxy-
gen (0.10), and pH (0.10). Fish abundance correlated
strongly negatively with ammonia (-0.78), under-
scoring ammonia’s toxicity even at low concentra-
tions, impairing fish respiration and osmoregulation
(Randall and Tsui, 2002). Negative correlations with
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Fig. 19. CCA biplot showing the relationship between the
fish abundance and environmental variable for
different study sites of Sai River
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EC, salinity, and TDS were weak but consistent with
trends reported in polluted systems disrupting habi-
tats (Sharma et al., 2025; Kelkar et al., 2022).

At Site C, fish abundance correlated strongly with
transparency (0.85) and moderately with TDS (0.52),
indicating clearer water and balanced dissolved sol-
ids enhance habitat quality (Sugunan, 1995). Weakly
positive correlations with EC and salinity were ob-
served, while negative correlations with pH (-0.27)
and free CO, (-0.01) suggested higher alkalinity and
carbon dioxide levels may suppress fish abundance
(Sharma et al., 2025; Kelkar et al., 2022). These find-
ings overall align with studies across Indian fresh-
water ecosystems linking water clarity and lower
pollution levels with healthier fish communities
(Sarkar et al., 2010; Vass et al., 2009).

The Canonical Correspondence Analysis (CCA)
biplot (Fig. 19) illustrates the multivariate relation-
ship between fish species, water quality parameters,
and sampling sites (A, B, C) in the Sai River ecosys-
tem. It also revealed how environmental gradients
shape food chain structure by influencing species
distribution across different trophic levels. Fish spe-
cies like Channa striatus, located far along the posi-
tive side of Axis 1, show a strong positive correlation
with dissolved oxygen (DO) and moderate transpar-
ency. As a top predator, C. striatus depends on clear,
well-oxygenated waters for effective hunting, pri-
marily feeding on smaller fishes and insects, high-
lighting its apex position in the aquatic food chain.
On the opposite side of the biplot (negative Axis 1
and Axis 2), species like Mystustengara and
Xenentodon cancila align with higher free CO and el-
evated water temperature. These environmental
conditions are typically associated with organic de-
composition and benthic productivity, indicating
that these mid-level carnivores feed on macro inver-
tebrates and larval fish in nutrient-enriched zones.
Fish such as Sperataseenghala, Rita rita, and
Salmostoma bacaila cluster near alkalinity, pH, salin-
ity, TDS, and EC parameters linked to more ion-rich,
mineralized waters. These omnivores and bottom-
feeders thrive on detritus, benthic invertebrates, and
plant matter, representing the mid-to-lower trophic
levels and acting as important links between decom-
posers and higher predators.

Cyprinus carpio and Puntius sophore are located
near ammonia, transparency, and moderate DO,
suggesting tolerance for moderately impacted habi-
tats. These are omnivorous species, feeding on algae,
detritus, and small organisms, thus forming a vital
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component of nutrient cycling in the aquatic food
web. The sampling sites A, B, and C are closely clus-
tered near the origin, indicating overlapping eco-
logical conditions but subtle differences that support
species diversity across trophic guilds. For example,
Site A is slightly closer to DO and Channa striatus,
implying better oxygenated, predator-favorable
waters, while Site C leans toward free CO, and M.
tengara, suggesting slightly more eutrophic condi-
tions. Sarkar et al. (2013) reported that fish distribu-
tion in Indian rivers responds significantly to gradi-
ents in DO, TDS, and pH, shaping food web roles
and biodiversity. Bhatt et al. (2012) observed that
predator species like Channa were abundant in
clearer, oxygen-rich Himalayan rivers, while benthic
feeders were tied to high nutrient zones. Dudgeon
(2000) highlighted that monsoon-driven nutrient
pulses promote base-level productivity, triggering
trophic cascades up to top predators. Jhingran
(1991) emphasized that environmental tolerance
defines ecological niches and food chain positions,
especially under seasonal shifts in Indian rivers.
Lakra et al. (2010) found that habitat heterogeneity
supports different feeding guilds, contributing to
fish community resilience and stability.

Conclusion

The Sai River, as revealed through this study,
harbours a vibrant and seasonally responsive fish
community. Species richness and ecological balance
were clearly evident, especially during cooler
months. Site C stood out as the most biologically
rich location, likely benefiting from less human dis-
turbance and more diverse habitats. Fish popula-
tions here are deeply influenced by environmental
parameters, Particularly DO, CO2, ammonia, PH
etc.These elements promote favourable conditions
for feeding and breeding. At the same time, pollu-
tion indicators like ammonia and CO, pose threats
that need close monitoring. The findings also high-
lighted the fringed balance of this river system.
Regular water quality assessments, habitat protec-
tion, and pollution control are essential to safeguard
the biodiversity of the Sai River. This study is the
first authentic attempt which provide the status of
fish diversity and environmental health of Sai River,
but also it needs further rigorous research towards
habitat prediction and conservation of fish
biodiversity, for sustainable utilisation of resources
of this important river in Central India
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