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Abstract
Anthropogenic activities impacted the ecological health of rivers by altering the physical habitat and water flow as well as 
by pollution. Monitoring of biotic groups for gauging the river health is a prerequisite for assessing the extent of degradation 
and formulating management guidelines for river restoration. An assessment using fish-based index of biotic integrity (IBI) 
was carried out in the Central Indian river, Tapti, for probing its health status. For the multimetric index, twelve metrics were 
adopted under five categories: taxonomic richness, habitat composition, tolerance indicators, species resilience, and trophic 
composition. Among the studied sites, Betul in the upper stretch was selected as the reference site for River Tapti, which 
almost meets the upper expectation of the metrics explored. Continuous scoring method was applied to evaluate the biotic 
integrity in the selected sites of the river. The IBI score based on the pooled fish abundance data in River Tapti ranged from 
33 to 60. Assessment of the ecological health revealed that three-fourth of the river stretch was moderately impaired (25–50% 
of impairment) and the most deteriorated site was Kamrej with 45% of impairment which might be due to its location in the 
urban area with high influx of domestic sewage and industrial effluents. The IBI scores were plotted and compared with an 
independent estimate of water quality. The CCA with environmental and IBI variables revealed higher correlation with each 
other and the functional groups such as carnivores, herbivores, and fishes with high population doubling time (PDT) were 
found in close association with nitrate-N, total alkalinity, and specific conductivity. The study urges the need for the adoption 
of proper management and mitigation measures to restore the health and wealth of aquatic ecosystem.
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Introduction

Rivers have been the lifeline of human existence from 
the time immemorial. They play a prominent role start-
ing from the birth of civilization to meet up the basic 

requirements of mankind by providing water supply for 
drinking, domestic, and industrial activities (Bock et al. 
2018). Rivers are considered as an integral part in main-
taining and proper functioning of ecosystem and ecologi-
cal services (Brauman et al. 2014). Rather than a natural 
purifier and a cleanser, rivers are the treasure trove for the 
biological wealth and germplasm reserves (Usha 2014). 
India, being one of the agrarian economies, immensely 
depends on the river-based livelihood activities. Indian 
riverine system comprises of Ganga, Brahmaputra, Indus 
river basins, and also peninsular river systems (Jhingran 
1991). The peninsular component consists of east coast 
rivers, viz., Mahanadi, Godavari, Krishna, and Cauvery 
and west coast rivers, viz., Narmada and Tapti (Ayyapan 
et al. 2011).
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Rivers are among the most threatened ecosystems of 
the world (Sendzimir and Schmutz 2018) and there is 
an array of issues rivers face globally. Wastewater dis-
charge from human activities negatively impacts aquatic 
ecosystems (Wen et al. 2017). Organic pollution in rivers 
stimulates microbial growth, which cause oxygen deple-
tion and disrupt the entire river ecosystems (Sirota et al. 
2013). The proliferation of river projects and the result-
ant river fragmentation alters the habitat structure, eco-
system functions, and processes, posing a great threat to 
biodiversity (Jumani et al. 2022). The cumulative effects 
of industrialization and urbanization together with climate 
change and anthropogenic perturbations have damaged the 
very sensitive riverine systems immensely (Banerjee and 
Gupta 2013; Jain and Singh 2020). It is a key fact that the 
anthropogenic pressures and drivers play a paramount role 
in determining the physical and chemical quality of rivers 
(Hughes and Noss 1992) and thereby affects the aquatic 
biodiversity.

In order to assess and quantify impacts of environmen-
tal degradation, monitoring programs for river ecosystems 
have existed for many decades which initially included 
water quality indicators exclusively and later on included 
biological indicators. The concept of fish as a bioindica-
tor to identify and monitor the ecosystem health status is 
widely recognized (Karr 1991), as they reflect integrated 
perception about their environment over longer periods of 
time (Chovanec et al. 2003). The presence or absence, abun-
dance, diversity, and distribution status of various species 
can provide a screen shot of the habitat quality of a particu-
lar ecosystem (Lawton and Gaston 2001). Among the differ-
ent approaches of using fish as ecological indicators, index 
of biotic integrity (IBI) is extensively used for assessing the 
aquatic ecosystem health by multiple metrics representing 
quantifiable attributes of fish communities (Sendzimir and 
Schmutz 2018). Biotic integrity is defined as “the capability 
of supporting and maintaining a balanced, integrated, adap-
tive community of organisms having species composition, 
diversity and functional organization comparable to that of 
the natural habitat of the region” (Karr and Dudley 1981). 
The IBI based on multimetric approach, originally devel-
oped by Karr (1981), measures how far an ecosystem has 
moved from the pristine condition and it comprises various 
metrics associated with biological attributes, i.e., taxa rich-
ness and composition, trophic structure, niche, and others. 
Each of the multiple metrics incorporated in the IBI can 
predict specific impacts caused by ecological alterations and 
by combining them within the IBI framework can reflect and 
quantify the degree of anthropogenic interferences on the 
ecosystem (Barbour et al. 1996).

The IBI concept based on integrity of fish communi-
ties has very high plasticity and can be used on a variety 
of aquatic habitats in different zoo-geographical regions all 

over the world (Belpaire et al. 2000). Although the modified 
versions of IBI follow same principle, they vary according 
to the context of targeted biotic group, the reference condi-
tions, the scoring criteria, and the composition of metrics 
(Sendzimir and Schmutz 2018). The index of biotic integ-
rity-based approach for estimating the aquatic health has 
been carried out by various researchers across the continents 
(Ruaro and Gubiani 2013; Kim and An 2015; Atique and 
An 2018; HaRa et al. 2019; Kim et al. 2019; Wu et al. 2020; 
Zhu et al. 2021; Achieng et al. 2021) and has already been 
introduced in legislative acts related to aquatic ecosystem 
management of many developed countries. Under the Water 
Framework Directive, the European Fish Index (EFI) was 
developed based on the concept of IBI under the FAME 
consortium for assessing the ecological status of flow-
ing waters of EU countries (Schmutz et al. 2007) and was 
later developed as EFI+, a spatial extension of EFI (EFI+ 
Consortium, 2009). IBI-Jucar, a modified version of IBI, 
was formulated for evaluating biological integrity through-
out Iberian Peninsula, as an effective tool for determining 
environmental quality, even in species-poor Mediterranean 
streams (Aparicio et al. 2011). In USA, unique state-specific 
fish-based IBI versions were developed for assessing bio-
logical integrity of rivers under United States Environmen-
tal Protection Agency (MPCA, 2014). The pioneer work on 
index of biotic integrity based on fish assemblage in Indian 
rivers was developed by Ganasan and Hughes (1998) for 
the rivers Khan and Kshipra of central India. Subsequently, 
the tool has been effectively utilized for assessing the other 
rivers (Das and Samanta, 2006; Das et al. 2013; Das et al. 
2014; Das et al. 2016; Sajina et al. 2022). Sajina et al. (2022) 
developed an IBI version comprising 13 metrics, based on 
major ecological stressors and ichthyofaunal characteristics 
identified for Indian rivers that can effectually reflect human 
perturbations on river structures and processes.

Tapti or Tapi, a west flowing river in semi-arid region of 
central India, is one of the major river basins of Indian Pen-
insula. More than 20 million population depends on the river 
for meeting the basic needs directly or indirectly (Sharma 
et al. 2019). The river has been subjected to pollution by the 
dumping of industrial wastes and domestic sewages, espe-
cially, the lower stretches in southern part of Gujarat where 
core industrial areas for textile mills, fertilizers, chemi-
cal plants, and diamond processing units have established 
(Dubey and Ujjania 2013). Based on the literature survey, we 
found that systematic information on the ecological integrity 
of the River Tapti is lacking. Moreover, previous investiga-
tions on this river and its tributaries mainly focused on the 
status of biodiversity, water quality, and pollution (Karam-
chandani and Pisolkar 1967; Dubey and Ujjania 2013; Patole 
2013; Khade et al. 2017). With this background, the present 
study attempts to fill this knowledge gap using the IBI as a 
tool to understand the fish assemblages and ecological health 
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status, by adopting the IBI version developed by Sajina et al. 
(2022) for River Tapti. The adoption of IBI necessitates deep 
understanding about environmental parameters and hence, 
effort was given to unveil the effects of water quality vari-
ables on the fish assemblages and community structure of 
River Tapti.

Materials and methods

Description of study area

River Tapti, with a total length of 724 km covering geo-
graphical area of 65,145  km2 (Sharma et  al. 2019), is 
the water source of three states: south of Gujarat, north 
of Maharashtra, and west of Madhya Pradesh. The fish 
assemblage data used for the study are based on the results 
of surveys in Tapti River, carried out during the period 

2017–2020. The river has its origin in Multai in Betul 
district of Madhya Pradesh, which traverses through 
Burhanpur town of Madhya Pradesh and finds the way 
through dense forest areas of Maharashtra and Gujarat. 
The selected study area represents the entire stretch of 
the river starting from the origin of river, Multai (Madhya 
Pradesh) to Kamrej (Gujarat), after which it is emptying to 
the Arabian Sea. The eleven sampling sites selected were 
Multai (S1), Betul (S2), Dedtalai (S3), Nepanagar (S4), 
Burhanpur (S5), Changdev (S6), Bhusawal (S7), Savkheda 
(S8), Sarangkheda (S9), Singalkhanch (S10), and Kamrej 
(S11) (Fig. 1 and Online Resource 1). The station codes S1 
to S5 represent upper stretch, S6 to S8 represent selected 
middle stretch, and S9 to S11 represent the lower stretch 
of the river. Although the lowermost sampling site Kamrej 
(S11) was at a distance of <60 km from the Arabian Sea 
mouth, a barricade constructed below the site kept the 
entire river stretch as freshwater.

Fig. 1  Map showing sampling sites of Tapti River, India
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Estimation of water quality index

For comparison of the estimated IBI scores with an inde-
pendent estimate of the ecological status and to evaluate the 
efficacy of assessment process, water quality index (WQI) 
was estimated. It was estimated using parameters including 
water temperature, dissolved oxygen, pH, free  CO2, alkalin-
ity, hardness, conductivity,  PO4-P, and  NO3-N as per Pesce 
and Wunderlin (2000) and Wu et al. (2018).

where K is a subjective constant, Pi is the relative weight 
assigned to each parameter, and Ci is the value assigned to 
each parameter after normalization.

Fish sampling

Seasonal sampling for 3 years (2017–2020) during pre-
monsoon (March–May), monsoon (June–September), and 
post-monsoon (October–January) was performed. In order 
to obtain a cross section of the standing population through 
sampling and representative numbers of each fish species, 
electro fishing is the most widely used sampling method for 
IBI studies. As the present study was carried out in the main 
river channel and some of the sites were not wadable for 
electro fishing, we used a wide array of netting and capture 
methods targeting all possible habitat types. Similar sam-
pling strategy was followed in most of the IBI works from 
Asia, South America, and Africa (Hocutt et al. 1994; Bhat 
2003; Pinto et al. 2006; Qadir and Malik, 2009) .

Fishes were sampled along all the stations by employ-
ing uniform fishing effort and duration using combination 
of various gears such as seine net (5 mm stretched mesh 
size), gill net (monofilament nylon nets of less than 60 mm 

WQI = K
∑n

i=1
(CiPi)∕

∑n

i=1
Pi

during pre-monsoon and 60–150 mm during monsoon), cast 
net (10–30 mm; mostly during pre-monsoon), drag net with 
mesh size of 2–10 mm, scoop net (zero mm; pre-monsoon 
and post monsoon), hook and line (no. 25 to no. 10), and 
various traps were used to obtain representative samples of 
fish fauna. All fishes were counted and identified using the 
available literature on taxonomy (Talwar and Jhingran 1991; 
Jayaram 1991, 1999, 2010). The representative specimens of 
species in ambiguity were preserved in 10% formalin before 
transporting to the laboratory. The water quality parameters 
were estimated using standard methods (APHA 2017).

Metrics composition of IBI

It is pertinent to modify, delete, or add metrics for develop-
ing IBI for a particular geographic region and ecosystem to 
reflect regional difference in fish distribution and assemblage 
structure (Oberdorff et al., 2002). A recent study by Sajina 
et al. (2022) modified IBI for River Mahanadi, an Eastern 
Indian river considering the ecological stressors impacting 
upon the rivers and fish faunal characteristics. River Tapti 
and River Mahanadi traverse Indian continent in the same 
latitudinal range, sharing comparable biodiversity features 
and confront many of the ecological stressors alike. We con-
sidered all the 13 metrics used by Sajina et al. (2022) in 
our study and in order to remove those are redundant, we 
carried out a correlation analysis among the 13 metrics. As 
the metric indicating the percentage of omnivores showed a 
very high correlation with other metrics (Online Resource 
2), we excluded it and hence we have used only 12 metrices 
in the present study. The IBI metrics used in the study come 
under the five broader categories: taxonomic richness, habi-
tat composition, tolerance indicators, species resilience, and 
trophic composition as listed in Table 1.

Table 1  Metrics and scores used for the calculation of the IBI for River Tapti

Category Metric Traditional scoring criteria

5 (best) 4 3 2 1 (worst)

Taxonomic richness No of native species >47 38–47 28–37 23–27 <23
No. of native family >16 13–16 10–12 8–9 <8
% of individuals as non-native <1 1–2 2–5 5–10 >10

Habitat composition No. of benthic species >19 15–18 11–14 9–10 <9
No. of column species >35 28–34 21–27 17–20 <17
% of individual rheophiles >43 34–42 25–33 21–24 <21
% of individual migratory >50 40–49 30–39 20–29 <20

Tolerance indicators No. of intolerant species ≥10 7–9 4–6 2–3 <1
% of individual tolerant >65 50–64 40–49 30–39 <30

Species resilience % of individual with high PDT >1.7 1.36–1.7 1.02–1.35 0.85–1.01 <0.85
Trophic composition % of individual carnivore >40 32–39 24–31 20–23 <20

% of individual herbivore >25 20–24 15–19 12–14 <12
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The distribution of total number of native fish species 
(metric 1) proposed by Karr (1981) and native families (met-
ric 2) were used based on the assumption that species and 
family level diversities seem to be preserved in undisturbed 
environments. As the environmental degradation increases, 
the native fish species may disappear (Karr et al. 1986). Met-
ric 3 is the % of individual as non-native species which can 
determine the degree of invasion of alien species thereby 
provide the biological pollution aspects (Joy and Death 
2004) and indicate the degraded conditions.

Number of benthic species (metric 4), number of col-
umn species (metric 5) assigned by Araujo (1998) and % 
of individual rheophiles (metric 6) (Harris 1995), and % of 
individual migratory (metric 7) can also explain the health 
of the habitat it occupies. Measure of benthic and column 
species indicates the disturbance of habitat as they are sen-
sitive to siltation, turbidity reduced oxygen content, and 
toxic chemicals (Ganasan and Hughes 1998). Rheophiles 
can monitor the degradations of lotic areas (Oberdoff 1996). 
Most of the riverine fishes are potamodromous and they 
need sufficient volume of water as well as the habitat conti-
nuity where they can spawn, feed, or take shelter at extreme 
temperature. The low water level and poor water quality, 
which affects the fish migration, also indirectly measure 
the ecological health.

Number of intolerant species (metric 8) and % of indi-
vidual tolerant (metric 9) are used to assess the sensitivity 
of fishes to habitat changes when occupied in a particular 
guild. Species once abundant and become occasional later 
due to environmental degradations is considered as intoler-
ant (Lyons et al. 2000) which cause the dominance of toler-
ant species in terms of number and biomass (Ganasan and 
Hughes 1998).

Population doubling time (PDT) indicates the time taken 
for a population to double its size or number, which can be 
considered as a measure of species resilience. Thus, % of 
individual with high PDT (metric 10) is incorporated based 
on the concept that population size is robustly related to the 
local ecological conditions (Brook et al. 2006) and popula-
tion size of species with long life span, delayed maturation, 
and long generation time may be affected by the poor eco-
logical health and subjected to greater vulnerability. Species 
resilience was estimated using four levels of productivity 
(Musick 1999): very low PDT (less than 13 months), low 
PDT (1.4–4.4 years), medium PDT (4.5–14 years), and high 
PDT (>14 years). The data source necessary for evaluat-
ing species resilience was taken from FishBase (Froese and 
Pauly 2022).

The percentage of individuals as carnivores (metric 11) 
and percentage of individuals as herbivores (metric 12) 
included by Araujo et al. (2009) were incorporated in the 
IBI metrics as these trophic metrics are used to assess the 
ecological attributes; carnivores indicate the capacity of food 

web to maintain top predators (Bozzetti and Schulz 2004) 
and herbivores are sensitive to physico-chemical alterations 
that diminish the plant assemblages or vegetation composi-
tion (Ganasan and Hughes 1998).

Reference condition

The appropriate reference site selection is a critical step in 
developing multimetric index. The reference site chosen for 
the study should be a non-impaired condition with mini-
mal anthropogenic disturbance (Jun et al. 2012), which can 
make possible judgment between reference and impaired 
sites (Resh et al. 1995). Various authors have followed the 
concept of using minimally disturbed sites as the reference 
site for evaluation of IBI (Ganasan and Hughes 1998; Das 
and Samanta 2006; Das et al. 2013). As there is a paucity 
of complete data set on the historical information about fish 
assemblage pattern of River Tapti, we followed reference-
based approach to estimate the biotic integrity. Reference 
sites may not be pristine or completely undisturbed, but 
the variations in physical and chemical parameters were 
not enough to affect the fish fauna significantly (Pont et al. 
2007). As there is a paucity of historic data of fish diversity 
on River Tapti, we assumed that one of the sampling sites 
can be referred as the reference site that might contain the 
best standard conditions, which could meet the upper expec-
tations of the metrics. The site S2 (Betul) was chosen as the 
reference site as minimally disturbed condition (MDC, Stod-
dard et al. 2006) because of absence of significant anthropo-
genic disturbances and minimally disturbed, and the down-
stream sites from S3 to S11 were subjected to various human 
interferences including influx of domestic sewage and indus-
trial pollutants. MDC is the most appropriate reference-site 
approach which can give a best estimate of biotic integrity as 
it is impractical to find a truly undisturbed condition without 
human interferences (Stoddard et al. 2006).

Scoring criteria of IBI for River Tapti

The basic biological information required to modify the 
scoring criteria for IBI for a new freshwater eco-region, Nar-
mada-Tapti, was determined from the database of FishBase 
(Froese and Pauly, 2022) and Talwar and Jhingran (1991). 
The scientific names of fishes are presented according to 
Fricke et al. (2022). The IBI scores were calculated for each 
sampling site following the methods outlined by Fausch 
et al. (1984), Karr et al. (1986), and Ganasan and Hughes 
(1998). Continuous scoring was followed and the scoring 
criteria were developed as per the methods of Hughes et al. 
(1993). The qualitative evaluation of the IBI scores was done 
following Hughes et al. (1998), Karr et al. (1986), and Gana-
san and Hughes (1998), based on a continuous scale scoring 
criteria (5-4-3-2-1) with best score given as 5 and worst as 1. 
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The metrics and scoring criteria are summarized in Table 1. 
Four levels of integrity classes were classified based on IBI 
scores, where the percent of impairment less than 10% was 
considered “acceptable”; 10–25% as “slightly impaired”; 
25–50% as “moderately impaired”; and more than 50% as 
“severely impaired.” In order to test the effectiveness of 
various metrics scores for categorizing sites in to different 
integrity classes, post hoc test (Duncan) was performed to 
comprehend the significant variation between the sites.

Relationship of IBI variables with environmental 
parameters

Canonical correspondence analysis (CCA) was performed 
between the selected metrics of the IBI (hereafter referred 
as IBI variables) and the water quality parameters to com-
prehend the interactions of different functional groups with 
environment. A total of nine environmental variables (tem-
perature, dissolved oxygen, pH, free  CO2, total alkalinity, 
total hardness, specific conductivity, phosphate-P, nitrate-N) 
and thirteen IBI variables were considered for the analysis. 
The CCA was performed employing PAST ver. 4.08.

Results

Fish assemblage structure of River Tapti

A total of 80 species of fin fishes belonging to 25 families 
and 50 genera were recorded from different habitats and 
trophic guilds of River Tapti during 2017 to 2020. The domi-
nant family was Cyprinidae with a contribution of 32.50% 
of the total fish fauna which was followed by Danionidae 
(11.25%), Bagridae (6.25%), Ambassidae (5.00%), and 
Channidae (5.00%). The trophic guild composition consists 
of 41.25% carnivores and omnivores followed by 16.25% 
herbivores. The niche occupied by the fishes in different 
habitats comprises 61.25% of column fishes, 30% of ben-
thic fishes, and 7.5% pelagic fishes. The species resilience 
varies with 52.5% of medium resilient species, 32.5% high 
resilient, 11.25% low resilient species, and 2.5% very low 
resilient species. Rheophiles consists of 32.5% and 66.25% 
are non-rheophilic in nature.

Among the fish species reported, five were exotic species. 
Of the two species of tilapia, Oreochromis mossambicus 
was mostly distributed in the upper stretch only whereas 
O. niloticus was dominant exotic species in the middle and 
lower stretches of the river (S7 to S10). Cyprinus carpio 
was found to be available in the entire upper and middle 
stretches of the study area. Hypophthalmichthys molitrix was 
the dominant species in S5 where the polluted water enters 
into the riverine system. Pangasianodon hypophthalmus was 
reported from the lower stretches (S9 to S11). The invasive 

coefficient index  (Ixi) (Singh et al. 2013) calculated for the 5 
species showed that the highest  Ixi (0.17) was observed for 
O. mossambicus at S1. Conservation status of the reported 
eighty species as per the International Union for Conserva-
tion of Nature (IUCN) categorization are 2 in Endangered 
(EN), 2 in Vulnerable (VU) and 6 in Near Threatened (NT), 
66 in Least Concern (LC), 1 in Data Deficient (DD), and 1 
in Not Evaluated (NE) categories. The list of fishes recorded 
in the study with their particulars is provided in Online 
Resource 3.

IBI scores of sampling sites

The IBI score based on the pooled fish abundance data in 
River Tapti ranged from 33 to 60. As Betul was taken as 
reference site, it scored the maximum score, i.e., 60. Apart 
from the reference site (Betul), Dedtalai and Nepanagar 
stretches recorded the higher IBI scores and Kamrej (S11) 
scored the lowest. The site-wise scores of each metrics and 
overall IBI scores are given in Table 2.

The present study revealed that out of the eleven stations 
studied, eight stations are moderately impaired, two are 
slightly impaired, and one in acceptable class. The percent-
age of impairment based on IBI scores using 12 metrics in 
selected stretches of River Tapti is represented in Fig. 2.

The output of post hoc test of metric scores showed that 
Betul, the reference site, showed significant difference from 
all other sites (Table 3). Kamrej, the most impaired site, 
varied significantly from reference site and other two slightly 
impaired sites. The sites under same integrity class showed 
similarity in the test indicating effectiveness of various met-
rics used in the IBI in classifying sites based on the degree 
of impairment.

Metrics performance

In the present study, the number of native species distributed 
in the eleven selected sites was found to be more or less uni-
form, ranging from 35 to 48. The maximum species richness 
was observed in upper and middle stretches (S1, S2, and S7) 
and minimum of 35 at Savkheda in middle stretch (S8). The 
native families were reported more from S2 and S7 with a 
highest value of 17 families. The percent of individuals as 
non-native was found maximum in S1 with the highest catch 
of tilapia, O. mossambicus. Metrics reflecting habitat com-
position represented by the presence of benthic and column 
species, % of individual rheophiles, and migratory fishes 
were also studied. Maximum benthic species richness was 
observed in S2 (20) and minimum was recorded in S8 (11). 
The fast-moving rheophiles were present higher in the upper 
stretches with more abundance in S2 (44.2%); its dominance 
was substantially reduced downwards with least contribu-
tion from the last station, S11 (0.51). However, migratory 
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fishes contributed maximum from the lower stretches with 
maximum occurrences reported from S10 (83.48%) and least 
from the reference site, S2 (52.06%). The tolerance level 
of fishes was measured by two metrics, no. of intolerant 
species and % of individual tolerant. The intolerant species 
were reported maximum from S9 (12) and minimum from 
S1 (6). The abundance of tolerant species constitutes 34.7% 
of the total population in least disturbed sites whereas the 
population increased to 70.38% in most disturbed site. Met-
rics indicating species richness was evaluated by % of indi-
vidual with high PDT and the results revealed that maximum 
individuals were obtained from S4 (4.40%) and minimum 
from the most disturbed site, S11 (0.09%). Metrics reflecting 
the trophic composition showed abundance of herbivores 
(26.34%) in reference site followed by 18.89% in S3 whereas 
the minimum was reported from S8; abundance of carni-
vores in S4 (44.11%) and least abundant in S10 (9.11%); 
abundance of column species in S2 (36) followed by S3 (31) 
and abundance of intolerant species was reported from S9 
(9).

Habitat quality, WQI, and influence 
of environmental parameters on IBI

The physical habitat characteristics and hydromorphologi-
cal conditions of River Tapti were surveyed and tabulated 
(Table 4), indicating prominent site-wise variation of these 
particulars. The water quality parameters during the 3 years 
of study period showed that dissolved oxygen level was 
more than 6 mg  L−1 (5.96–12.6 mg  L−1) in all the sampling 
stations over the seasons, which is considered as congen-
ial for fishes. There existed a point source of pollution in 
Burhanpur (S5) due to sewage influx. Samples from that 
place showed higher specific conductivity (2625 μS  cm−1) 
which might be due to insufficient water flow for diluting the 
sewage during pre-monsoon; its value drastically reduced 
to 468 μS  cm−1 during post monsoon. Similarly, higher val-
ues of alkalinity (675 mg  L−1) and hardness (579 mg  L−1) 
were also recorded from Burhanpur during pre-monsoon. At 
Burhanpur, the phosphate concentration in post-monsoon 
was 0.399 mg  L−1 which is extremely high and indicated 
eutrophic condition. The highest nitrate level was also 
observed at the same place (0.432 mg  L−1) in post-monsoon; 
however, the dissolved oxygen (6.5–8.11 mg  L−1) was quite 
normal (Online Resource 4).

The estimated WQI scores ranged from 64.25 to 100.00 
(Fig. 3). Highest score was obtained at Betul (S2), Ded-
talai (S3), and Singalkhanch (S10) and the lowest score 
was obtained at Burhanpur (S5) and Bhusawal (S7). Out 
of eleven sampling sites, six were grouped under excellent, 
three were good, and two were moderate. The graph plotting 
IBI scores (adjusted to the scale of 100) with WQI scores of 
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different sampling sites indicated that the two indices are of 
similar trend except at sites S1 and S8–S10 stretches (Fig. 3).

Canonical correspondence analysis of IBI 
and environmental variables

In the CCA, the first and second axes together explained 
84.21% of the variability of the IBI and environmental vari-
ables (Fig. 4). The maximum correlation of environmen-
tal variables and location was in the order pH >  NO3-N > 
total hardness > dissolved oxygen > temperature > total 
alkalinity. In axis 1, five IBI variables (NN, RH, PDT, CA, 
HE) were scored positively and had a gradient towards total 
alkalinity, total hardness, sp. cond., and  NO3-N. Likewise, 
IBI variables (B, C, IT, and MI) were rated negatively on 
axis 1 and were strongly correlated with pH, temperature, 
and DO. Functional groups such as carnivores, herbivores, 
and fishes with high PDT showed their close association 
with nitrate-N, total alkalinity, and specific conductivity. 

However, non-natives showed their positive association 
with total hardness. The IBI variables, including migratory 
and intolerant fishes, showed negative gradient towards pH 
and DO and achieved positive values in temperature. It was 
reflected that the number of native species and column spe-
cies was not much strongly influenced/impacted by the water 
variables. Overall, pH,  NO3-N, total hardness, dissolved 
oxygen, and temperature were the influencing variables for 
the distribution of the IBI variables (Fig. 4).

Discussion

The objective of this study was to assess the ecological 
health status of River Tapti by adopting fish-based IBI and 
classifying the river stretches to different integrity classes 
according to the level of impairment. The study showed that 
around three-fourth of the river stretches was moderately 
impaired (25–50% of impairment) when compared to the ref-
erence site. The remaining one-fourth lying in upper stretch 
was in slightly impaired condition (10–25% impairment). 
The significant difference existing among the metric scores 
of sites under different integrity classes indicated IBI as a 
powerful diagnostic tool for river health assessment. The 
observed trend of decreasing IBI scores towards downstream 
in the present study was in agreement with study of Pinto 
and Araújo (2007) in the tropical river, Paraiba do Sul of 
Brazil. The major stressors found to have impacted the eco-
logical health were the insufficient water flow during the 
lean period, the effect of industrial pollutants, dumping of 
domestic sewages, sand mining activities, etc. When more 
than one stress acts on the ecosystem, there was synergistic 
effect, as observed in some sites with lean flow suffering 
severely due to inefficient dilution of industrial effluents and 
large-scale eutrophication as noticed in Burhanpur.

The various types of anthropogenic disturbances have 
modified the aquatic environment by the way of change 
in land use pattern, industrialization and urbanization, 
dam construction and deforestation etc. which disturbs the 

Fig. 2  IBI score and cor-
responding integrity class of 
various sampling sites in River 
Tapti

Table 3  Site-wise post hoc test 
(Duncan)

Means bearing the same super-
script are not significantly dif-
ferent from each other (p < 
0.05)

Sites Mean 
metric 
score

Multai 2.92ab

Betul 5.00c

Dedtalai 3.87b

Nepanagar 3.84b

Burhanpur 3.76ab

Changdev 3.16ab

Bhusawal 2.84ab

Savkheda 3.38ab

Sarangkheda 3.00ab

Singalkhanch 2.83ab

Kamrej 2.61a
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ecological integrity. The multimetric approach of IBI assess-
ment through integration of ecological information can pro-
vide biological criteria for restoration of aquatic ecosystems 
(Royer et al. 2001). The utilization of fish assemblage data for 
establishing multimetric index by using reference condition 
approach has been used widely (Bailey et al. 1998; Pont et al. 
2007). Studies based on multimetric indices comprising 8 to 
12 metrics representing species richness, composition, toler-
ance, and trophic measures were developed earlier (Boon-
soong et al., 2009). In India, the research based on IBI was 
first conducted by Ganasan and Hughes (1998), where they 
incorporated seven new metrics and five adopted metrics from 
Karr et al. (1986). More works related to IBI in Indian con-
texts were conducted by Das and Samanta (2006) in Hooghly 
estuary, Das et al. (2013) in River Ganga, Das et al. (2014) in 
River Churni, Das et al. (2016) in River Brahmani, and Sajina 
et al. (2022) in Mahanadi and Kathajodi-Devi. In the present 
scenario, where the water quality is highly deteriorated due 
to human perturbations, IBI-based ecological health assess-
ment is invariably required for management and restoration 
purposes. The previous works are the explicit examples sig-
nifying their reliability in assessing the river health status.

Metrics performance

Twelve metrics used in the present study were appraised in 
terms of their applicability and sensitivity and were found 
satisfactory for the development of IBI. The metric selection 
was performed on the basis that less taxa richness and abun-
dance is predominant in impaired sites rather than the refer-
ence sites as anthropogenic influences enhance unsuitable 
habitats (Barbour et al. 1996). The twelve metrics used in 
the present study and their implications are discussed below.

Species richness concept is widely used for evaluating the 
environment quality (Roth et al. 2000) and it increases with 
lower levels of impairment and acceptable ecosystem health 
(Barbour et al. 1996). If species richness decreases along 
with the dominance of few species, it indicates the degraded 
environment (Casatti et al., 2006) whereas the few dominant 
species coupled with presence of rare species represent the 
slightly degraded environments (Ferreira and Casatti 2006). 
Among the various metrics incorporated in IBI, metrics rep-
resenting taxonomic richness are efficient indicators which 
show high responsiveness to anthropogenic disturbance and 
the proportional abundance of taxon to the whole community 
is considered as a measure of community balance (Barbour 
et al. 1996). The number of native species, originally proposed 
by Karr (1981), can discriminate sites with good condition as 
some species can be lost due to the loss of habitat quality (Karr 
et al. 1986). Araujo et al. (2003) utilized native and non-native 
species as an indication of fish species richness.

Here, we used the three components to examine the spe-
cies richness, viz., number of native fish species, number of Ta
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native families, and % of individuals as non-native. Literature 
survey on River Tapti revealed that scanty data on fish bio-
diversity and its distribution are available except the study of 
Karamchandani and Pisolkar (1967) and Patole (2013). The 
historic data represented by the work of Karamchandani and 
Pisolkar (1967) reported 52 species belonging to 30 genera 
under 14 families. However, the present study reported 80 
species, of which five species, Chanda nama, Mystus cava-
sius, Salmostoma bacaila, Pethia ticto, Osteobrama cotio, 
and Notopterus notopterus, occurred in all the sites. The 
high number of species reported in the present study is due 
to increased sampling effort, duration of sampling, and site 
coverage. The presence of native species and native families 
indicate the biodiversity, of which their measure indicates the 
level of anthropogenic disturbances (Karr 1981).

In the present study, maximum number (48) of native 
species and families were found in S1, S2, and S6 which 
showed a declining trend towards downstream. The higher 
species richness reported in these three sites may be due to 
the presence of deep pools and the suitable ecological condi-
tions which helps to sustain the population of fish species. 
The loss of native species over a period is considered as the 
warning signal of environmental degradation; other chemi-
cal and biological factors become important along with the 
study on physical degradation while examining the biologi-
cal integrity (Casatti et al. 2009).

The non-native species indicates the biological pollution 
(Whittier et al. 2007) which can alter the fish assemblage 
pattern by predation or competition thereby facilitating the 
exotics to survive in the disturbed systems; thus, Ganasan 

Fig. 3  Water quality and IBI 
score in River Tapti
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Fig. 4  CCA analysis of environment parameters with IBI functional 
metrices. Sites: MUL, Multai; BET, Betul; DED, Dedtalai; NEP, 
Nepanagar; BUR, Burhanpur; CHA, Changdev; BHU, Bhusawal; 
SAV, Savkheda, SAR, Sarangkheda; SIN, Singalkhanch; KAM, Kam-
rej. IBI metrices: NS, no. of native species; NN, % of non-native indi-

viduals; B, benthic species; C, no. of column species; RH, % of indi-
vidual rheophiles; MI, % of individual migratory; IT, no. of intolerant 
species; PDT, % of individual with high PDT; CA, % of individual 
carnivore; HE, % of individual herbivore
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and Hughes (1998) included this metric in their study. In 
India, most of the exotic species were introduced for the 
purpose of aquaculture and many of them established in 
natural waters like rivers and lakes. Of the five exotic species 
reported, O. mossambicus (in 1952), C. carpio (in 1939), H. 
molitrix (in 1959), and O. niloticus (in 1987) were officially 
introduced to India for broadening the species spectrum in 
aquaculture whereas P. hypophthalmus was introduced clan-
destinely in 1990s and became popular as a candidate spe-
cies for aquaculture in the country (Lakra and Singh 2010). 
Although these species were introduced for aquaculture pur-
pose, most of them have paved their way into inland open 
waters through escape from captivity (Joshi et al. 2022) or 
even deliberate release (Lévêque, 1996) and established as 
breeding and self-recruiting populations (Lawson and Hill 
2021). The dominance of exotics was found to be higher 
in Multai (S1), where O. mossambicus, C. carpio, and H. 
molitrix altogether contributed 18.84% of the total fishes 
caught. The stocking of O. mossambicus and C. carpio was 
observed in Maa Tapti Temple Pond in Multai for religious 
activities during the study period. Notably, the abundance 
of herbivores was quite low in Multai which might be due 
to competitive feeding behavior with the well-established 
exotic species. High numbers of P. hypophthalmus in the 
lower stretch might be associated with the cage farming of 
the species in the Ukai reservoir situated in the lower stretch 
of Tapti.

Benthic and water column species are sensitive to various 
physical and chemical water quality parameters such as silt 
load, turbidity, toxic contaminants, and reduced dissolved 
oxygen (Ganasan and Hughes 1998). The number of benthic 
and column species was found high in S2, the reference site, 
indicating the good health of the ecosystem. Authorized and 
unauthorized sand mining activities were observed in some 
sampling locations in the lower stretch of River Tapti and 
the number of benthic species was also found relatively less 
in those sites. Meng et al. (2018) reported that commercial 
sand mining activities caused substantial decline of ben-
thic animals. The dredging-related activities can decrease 
the dissolved oxygen in the sediment water interface and 
inhibit the survival of oxygen-sensitive organisms (Ilarri 
et al. 2011).

Fishes inhabiting rivers will migrate in search of spawn-
ing areas or for other reasons and the constructions of dams 
across the rivers may halt their migratory behavior (Elsen 
1977). Most of the sites were having good score for metrics 
based on migratory behavior, as common fishes of River 
Tapti were either potamodromous or amphidromous in 
nature. The unexpected good score of this metric at site S1 
with low water level is attributed to the abundance of O. 
mossambicus in the site, which was included in migratory 
species category owing to its amphidromous trait as per 
descriptions given in FishBase.

Rheophilic fishes indicate the integrity of riverine habi-
tats and its ecological quality since they need a variety of 
specific habitats in their entire life period in broad spatio-
temporal aspects (Copp 1989; Schiemer 2000). Many works 
have clearly depicted the decline of rheophilic fish popula-
tion subsequent to fragmentation of rivers (Birnie-Gauvin 
et al. 2017; van Puijenbroek et al. 2019). Tapti is a signifi-
cantly fragmented river with a number of dams, weirs, and 
barrages and these structural modifications have intensively 
altered the natural flow regime of the river (Sharma et al. 
2019). The major river projects altering the river flow are 
the Hatnur Dam and Lower Tapi Dam in Jalgaon district, 
Maharashtra, and Ukai Dam, Tapi district, Gujarat, besides a 
number of small dams and barrages. The steep decline in the 
rheophilic fish populations observed in the middle and lower 
stretches (S6 to S11) with the poorest metric score indicated 
the effectiveness of this metrics in highlighting the impacts 
of river fragmentation in the IBI score.

The population size of intolerant species may get reduced 
when environmental degradation increased and this metrics 
differentiate moderate and high habitat quality (Karr et al. 
1986). The intolerant species may take longer time for their 
recovery and thus number of tolerant species and percent 
of intolerant individuals can be used in the multi-metrics 
(Terra and Araújo, 2011). The intolerant species reported 
from the study are Notopterus notopterus, Clupisoma 
garua, Chitala chitala, Ophichthys cuchia, Sperata aor, S. 
seenghala, Wallago attu, Lates calcarifer, Channa maru-
lius, Labeo dyocheilus, Labeo calbasu, Amblypharyngodon 
mola, Hypophthalmichthys molitrix, Tor tor, T. khudree, and 
Mystus cavasius. The lowest score for metric with intolerant 
species was at S1, which can be accounted for the very low 
water level in the site with great variation in seasonal water 
availability.

Tolerant species are those having high flexibility in water 
quality and habitat requirements (Verneaux 1981; Grand-
mottet 1983) and are adapted to live in less oxygenated con-
ditions (Bozzetti and Schulz 2004). They are last to disap-
pear when disturbances come and first to reappear when the 
ecosystem is recovered (Ganasan and Hughes 1998). The 
poorest score for the metric based on tolerant species was 
for S11, Kamrej, which is a fully urbanized industrial area 
and greatly affected by domestic and industrial effluents (Jha 
et al. 2012; Chander et al. 2018).

Species resilience is an indirect measure of the recov-
ering capacity of a species from environmental changes 
(Musick 1999) as increased anthropogenic pressure tends 
to have species with higher vulnerability and lower resil-
ience (Vasconcelos et al. 2017). The metric based on PDT 
of fishes works with the concept that species with high PDT 
needs more time to recover even though the stress factor 
is relieved owing to longer generation time (Myers and 
Worm 2005). The six native species whose high PDT (low 
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resilience) targeted in this metric were Tor tor, T. khudree, 
Labeo dyocheilus, Clupisoma garua, Ophichthys cuchia, and 
Oryzias dancena.

Trophic composition can provide baseline information 
about the trophic status, functional feeding groups, and the 
potential food sources available in an ecosystem (Cummins 
1988). The aggregation of particular food sources may 
increase the higher abundance of functional feeding groups 
in a particular habitat type (Merritt and Cummins 1996). 
The carnivores indicate the diverse trophic web supporting 
top pyramid species (Pinto and Araújo, 2007) and they often 
play the role of keystone species and are integral compo-
nents of a healthy ecosystem (Miller et al. 2001). In the pre-
sent study, decrease in the percentage of individuals as car-
nivores and herbivores was recorded towards downstream of 
the river. The structural changes in trophic composition may 
be attributed to alterations in habitat and water quality accel-
erated by human interventions causing potential changes in 
the availability of food resources (Karr et al. 1986). The 
least score for metric based on carnivores at S10 may be 
attributed to the habitat alterations in the downstream of the 
largest dam in the river, Vallabh Sagar or Ukai Dam.

Influence of environmental parameters 
and hydromorphological features on biotic integrity

The Tapi basin experiences three dissimilar climate regimes 
based on temperature and precipitation information; the 
upper basin exhibits tropical dry savanna (approximate 
area of 47.1%), middle basin exhibits hot semi-arid climate 
(37.7%), and lower basin exhibits tropical wet savanna 
climate (15.2%) (Sharma et al. 2019). River Tapti heavily 
depends on the rainfall and is subjected to wide seasonal 
variations in the water flow and availability. It is well evi-
dent that heterogeneity in stream flow is a major issue in 
this river, as explained by Sharma et al. (2019) and also the 
chronic water shortage observed in the present study during 
pre-monsoon at some sites especially S1. The discontinuity 
of water flow during summer season resulted in fragmenta-
tion and formation of multiple water pools in the middle 
stretch of river leading to subsequent degradation in water 
quality and associated higher value of specific conductiv-
ity. These deteriorations might have had impact on biotic 
integrity of the ecosystem as reflected by the overall IBI 
scores falling under moderately impaired condition from S5 
downwards.

There were pronounced seasonal variation in the con-
centration of nutrients at some sites, especially phosphate. 
Phosphate  (PO4

−3)-phosphorus being an essential nutrient 
and is a major component of many of the fertilizers. There-
fore, erosion and runoff from fields with extensive appli-
cation of fertilizers can result in phosphate accumulation 
in water bodies and lead to eutrophication and associated 

oxygen depletion, besides other types of water pollution 
(Yang et al. 2008). Comparison of inorganic phosphate in 
Tapti River during different seasons revealed that concen-
tration of  PO4-P increased during post-monsoon in most of 
the stations. Most probable reason was that excess part of 
phosphatic fertilizers used in agricultural fields in the sur-
rounding areas were washed with rainwater and drained into 
the river, but its concentration did not increase in monsoon 
due to dilution effects. However, the concentration increased 
during post-monsoon when the influx and water flow were 
reduced. The phosphate concentrations were high at stations 
like Sarangkheda, Singalkhanch, and Kamrej (S9–S11) dur-
ing pre-monsoon.

The IBI functional groups showed meaningful interactions 
with some of the environmental variables. pH, nitrate-N, and 
dissolved oxygen were the most deterministic environmental 
parameters influencing the IBI functional groups. Non-native 
species are often seen to thrive well and flourish in deterio-
rated and unfavorable environments, as observed by the posi-
tive gradient of non-natives towards total hardness of water. 
Similarly, intolerant species are sensitive to deteriorations in 
habitat quality (Lyons et al. 2000), as they showed negative 
gradient towards pH and positive towards dissolved oxygen.

There are many biotic and abiotic factors that do not alter 
the water quality parameters but can greatly influence the 
overall biotic integrity of the ecosystem. WQI, an index 
based on physico-chemical parameters expressing the 
status of river contamination, cannot reflect the biologi-
cal responses towards various ecological stressors such as 
abridged stream flow, sand mining, and dominance of exot-
ics. The deviation between IBI and WQI scores at S1 is due 
to the lean availability of water, where it almost gets dried up 
in peak summer season critically impacts the biotic integrity. 
The prevalence of sand mining in the lower stretch (S8–S10) 
can be the underlying reason for the poor IBI scores of the 
stretch, despite excellent water quality as per WQI. The 
increased turbidity and sediment suspension arises from 
sand mining practices can affect the breeding and feeding 
sites of fish population and alter the community composition 
(Affandi and Ishak 2019).

Hydromorphological conditions are the primary control 
on the biotic elements of the river ecosystems as they influ-
ence species richness of river communities (Elosegi et al. 
2010). Studies have indicated that channel regulation is 
the major cause of the hydromorphological deterioration 
of rivers (Hajdukiewicz et al. 2017) and fish communi-
ties undergo substantial degradation in channelized rivers 
(Schmutz et al. 2015). Sharma et al. (2019) investigated the 
impact of anthropogenic activities on stream flow changes 
and water stress conditions of River Tapti and their study 
comprising four-decade data analysis (1973–2013) showed 
that the imbalance in stream flow and water scarcity is a 
prime concern across the Tapti River basin. Ukai Dam (the 
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second largest reservoir in Gujarat after Sardar Sarovar) 
construction (1972) for catering the irrigation, industrial 
and municipal needs, flood control, and hydropower gen-
eration has pronounced effect on the decreased stream flow 
in lower Tapti stretch. The hydromorphological alterations 
of the river have impacted the ecosystem health and fish 
communities in the downstream stretches, as reflected the 
moderate impairments in sites S6 to S11.

Tapti, one of the major peninsular rivers in India, attracted 
less attention even though it supports millions of peoples. 
The water scarcity being a major crisis in Tapti River, more 
conservation measures are necessary for the river to recover 
from extreme stresses. The loss of river network connectiv-
ity is an ever-present threat globally (Grill et al. 2015) and 
the booming of hydropower projects for meeting human 
demands (Zarfl et al. 2015) has altered the riverine habitats 
drastically. These modifications can disrupt the nutrient and 
sediment transport which further affects aquatic organisms 
and ecosystem processes and functions (Pitlick and Wilcock 
2001). Damming and river fragmentation lead to alterations 
in the fish species diversity with implications on ecological 
strategies of fishes (Merona and VigourouxR, 2005). The 
disappearance of rheophilic species such as Barilius barila, 
B. evezardi, and cave fish Indoreonectes evezardi, which 
were reported from River Tapti (Karamchandani and Pisolkar 
1967), may be consequential to the habitat alterations in the 
river. As declining trends of stream flow with deteriorating 
water quality had been highlighted as the major issue in River 
Tapti (Sharma et al. 2019), more attention is to be given to 
determine the required minimum environmental flow and to 
maintain the same considering the river topography and its 
location in the semi-arid geographical belt, so that the river 
can restore the ecological functions and well sustain its biota. 
Indiscriminate sand mining practices need to be curbed.

Conserving aquatic biodiversity including fishes and their 
habitats is a great challenge in the present scenario of increas-
ing anthropogenic stress. As rivers are the natural gene-pool 
reserves for fishes, measures are to be taken towards conser-
vation of native fish diversity in Tapti. Biosecurity measures 
have to be strengthened to prevent entry of cultured non-native 
fish species through accidental escaped from culture systems 
including cages in reservoirs as evident in the lower stretch.

In India, the assessment and maintenance of river water 
quality is being carried out through National Water Qual-
ity Monitoring Programme by Central and State Pollution 
Control Boards. These assessments are mainly based on 
physico-chemical parameters and presence of pollutants, and 
the biomonitoring component limited to specific locations. 
For sustainable river management, periodic river monitoring 
programs have to be conducted for assessing the river health 
and its biotic communities using innovative methodologies 
and tools for efficient mitigation and restoration. Globally, 
IBI has been proficiently used as an effective and competent 

tool for environmental assessment, restoration, and conser-
vation of aquatic ecosystems (Aura et al. 2017; Kim et al. 
2019; Zhu et al. 2021) as it provides profound understanding 
of ecosystem degradation processes.

Conclusion

Rivers are the repositories of fish and aquatic biodiversity, 
but facing various anthropogenic threats in association 
with inevitable climate change. Despite these, importance 
of clean water for human health, food security, and liveli-
hood has recognized globally by United Nations Sustain-
able Development Goal 6 (UN SDG). The health of an 
aquatic ecosystem is of prime importance as it essentially 
requires well maintained and balanced biological communi-
ties. Hence, it is apposite to measure the river health status 
to prevent further worsening of water quality and quantity 
and to avert the endangerment of aquatic life and spread of 
water borne diseases. IBI is an effective tool for assessing 
the environmental quality of water bodies by utilizing the 
fish assemblage pattern. The multimetric approach of IBI 
based on quantitative expectations gives an overall view of 
the biological integrity of fish communities residing in a 
particular habitat. The IBI-based approach for monitoring 
the river health status can assist the management authori-
ties to revive, rehabilitate, and restore the impaired sites for 
ensuring ecosystem sustainability. In the present study, the 
multimetric index developed could reflect the degradation 
and cumulative impacts at the ecosystem level, exposing 
the various levels of ecosystem impairment of stretches of 
River Tapti with only one of the eleven sampled sites under 
acceptable integrity class. We therefore suggest that bio-
logical integrity of the fish assemblages of River Tapti need 
further attention and proper management measures to revert 
the riverine stretches, ecosystems, and associated biota.
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