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Abstract    
Reservoir construction in the natural waterways can disrupt the structure and function of riparian 
ecosystems with the alteration in abundance and composition of aquatic organisms. This study assessed 
the variation in Benthic Macroinvertebrates (BMIs) communities in upstream (Chitlang and Seti Streams) 
and downstream (spillway) of Kulekhani multipurpose reservoir, Makawanpur, Nepal. Multi-habitat 
qualitative samplings with Ganga River System Biotic Score (GRSBIOS) index was used for the biological 
water quality assessment. Out of total 25 families and 8 orders of identified BMIs, Diptera and Coleoptera 
order are abundant whereas Oligochaeta and Odonata order are lowest. Taxa richness and abundance of 
BMIs were estimated to be higher upstream. Number of EPT taxa (6 to 2) and percentage of EPT (35.07 
to 28.04 %) abundance were recorded in decreasing order of response toward downstream. The upstream 
showed a high Shannon and Simpson’s diversity index. Chitlang Stream is found slightly polluted as 
Average Score Per Taxa (ASPT) score is calculated as 6.1 (River Water Quality Status (RWQS)-I)). 
Similarly, immediate downstream is critically polluted with RWQS-III whereas Seti Stream and spillway 
after 4 km were found to be moderately polluted as RWQS-II. Canonical Correspondence Analysis (CCA) 
showed that pH, temperature, and dissolved oxygen have a high influence in BMIs assemblages. The 
study depicts the ecological health of the stream immediately downstream of the reservoir is disturbed with 
presence of tolerant BMIs assemblages. The implication of the study can be in the assessment of impact 
caused by the reservoir in the ecological status of the water transfer. 
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Introduction 
Hydropower reservoirs have many advantages as robust 
technology and are considered one of the most 
environmentally benign energy technologies (Paish, 
2002). However, damming of rivers disrupts the 
hydrological cycle and negatively impacts the structure 
and function of riparian ecosystems (Rosenberg et al., 
2000), as damming and impoundments alter numerous 
physical and chemical factors such as pH, dissolve 
oxygen, and water temperature (Cummins, 1979). This 
in turn alters the abundance and composition of 
biological conditions in aquatic environments (Strange et 
al., 1999). Dams are also the structure for habitat changes 
of aquatic macroinvertebrates (Armitage, 1979) and are 
one of the crucial biotic components in freshwater 
systems. The effects of dams on benthic 
macroinvertebrate (BMIs) communities are important 
because of the role that BMIs play in stream ecosystem 
function (Cummins & Klug, 1979). 
   
Surface water status, concerning to Directive 
2000/60/EC of the European Parliament and the 
Council, the status of a body of surface water determined 
by declined chemical and ecological status (Lanz & 
Scheuer, 2001) and includes consideration of biological 
(aquatic species including BMIs), hydro morphological 
(water path characteristics with dynamics), chemical and 
physiochemical elements (Stalzer & Bloch, 2000). A 
healthy river retains its ecosystem integrity which 

depends on its ability to maintain its structure and 
function, to recover after disturbance, and to support 
local biota in contrast to an unhealthy river which loses 
its capacity to provide valuable goods and services 
(Khanal, 2001).  
 
Bioassessment is the study of biological indicators with 
physical and chemical parameters to depict the water 
quality and can be done by the monitoring of ecological 
as well as chemical components (Shah & Shah, 2012). 
Biomonitoring of an ecosystem is a method of observing 
the impact of external factors on ecosystems (Armitage 
et al., 1983) which is defined as “the systematic use of 
living organisms or their responses to determine the 
condition or changes of the environment” (Johnson et 
al., 1993). Biological monitoring is one of the best and 
most integrated approaches which helps to assess the 
ecosystems and overall environmental quality (Houston 
et al., 2002) which often includes the application of biotic 
indices and scores. Several biotic indices have been 
developed and about 60% of such biotic indices are 
based on BMIs analysis (Aanes & Baekken, 1995). The 
biotic index and family biotic index measure for 
indicating the quality of an environment based on 
organism types present in it. It is usually applied to assess 
the quality of river water. The concept was given by 
Cherie Stephens to measure stream pollution and its 
effects on its biology (Khanal, 2001). The biotic index is 
mainly based on two principles: the number of 
taxonomic groups is reduced when pollution increases 
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and sensitive species disappear when organic pollution 
rises (Shah et al., 2011). 
 
Globally, various types of indicators and bioindicators 
have been formed and used as a river water quality 
assessment tool to determine river health than the 
conventional national standards for the assessment 
(Barbour et al., 1996; Agboola et al., 2019; He et al., 
2020). The BMIs are considered the best biological 
indicators for freshwater quality as they have more 
resistivity to contamination with their high population 
structure, longevity, and comparatively affordable for 
assessment (Rosenberg, 1992; Ko et al., 2020). BMIs are 
more susceptible to anthropogenic disturbances and 
their responses are used as indices worldwide (Kaboré et 
al., 2016; Edegbene et al., 2021). 
 
Bio-assessment of Nepalese river ecosystems into water 
quality programs can be better incorporated through 
Ganga River System Biotic Score (GRSBIOS), Bagmati 
River System biotic score (BRSbios), Hindu Kush 
Himalayan biotic score (HKHbios), and Nepalese Biotic 
Score Extended (NEPbios-Extended) (Sharma, 2000; 
Sharma & Moog, 2005; Moog et al., 2008; Ofenböck et 
al., 2010). Incorporation of these scores is necessary to 
ensure the reliability of the estimation of the health status 
of the studied environment (Shah & Shah, 2012). All 
these biotic scores are assigned numeric scores ranging 
from 1 to 10 where lower scores and higher scores are 
assigned respectively to highly pollution-tolerant taxa 
and highly sensitive taxa. In addition to this, the average 
score per taxon (ASPT) is calculated to determine the 
river quality class (RQC) as per the assigned biotic index 
value (Shah & Shah, 2013). In this study, we used 
GRSBIOS for assessing the ecological health of rivers 
because this index includes many insects as well as non-
insect groups and requires species-level identification for 
non-insects. So, the stability of the GRSBIOS index in 
different geographic regions makes it a promising bio-
monitoring tool in Nepal (Shah et al., 2011). 
 
Very limited study has been performed on the river water 
quality through biological parameters (Shah & Shah, 
2013). Some limnological studies have been conducted 
in the Kulekhani reservoir; studies related to 
macroinvertebrates and water quality assessment using 
BMIs indicators are scant. This study tends to assess the 
variation in the BMIs assemblages in the upstream and 
downstream sections of the Kulekhani reservoir with 
their ecological health status.   

 
Materials and Methods 
Study area 
The research was conducted in the streams draining into 
Kulekhani reservoir in the Makawanpur District. Two 
Streams namely, Seti Stream and Chitlang Stream have 

been considered as upstream sampling sites whereas 
reservoir spillway sites are considered downstream 
sampling sites as shown in Figure 1. The Kulekhani 
watershed is comprised of 43.6% forest, 34% sloping 
agricultural land, 9.2% shrub, 5.7% level and valley 
terraces, and 7.5% other land use (Adhikari et al., 2017). 
According to CBS (2003), the Kulekhani watershed has 
a total population of 31,562, with more than 80% of 
them depending on agriculture for their livelihood. 
Among them, 239 households have been involved in fish 
culture in 1630 cages since 2009 (Shrestha et al., 2009). 
 
The climate of the Kulekhani watershed varies from 
subtropical at low land to temperate at higher elevations 
(Adhikari et al., 2017). The average temperature of the 
study area is 15˚C to 25˚C in summer whereas 10˚C to 
15˚C in the winter season. As in the other regions of the 
country, this area also has four distinct seasons: pre-
monsoon (March to May), monsoon (June to 
September), post-monsoon (October to November), 
and winter (December to February). The average rainfall 
within the reservoir is ~1400 mm of rainfall in the 
monsoon season and ~60 mm during other dry seasons, 
and the level of water in the reservoir changes with 
season and power generation (Sthapit, 1995). Details of 
the geographical and other characteristics of the 
sampling sites of the study area are presented in Table 1. 
 
Data collection 
The sampling of BMIs was carried out and hydrological 
and physicochemical parameters were assessed during 
the winter season (2019) in upstream (Seti Stream and 
Chitlang Stream) and downstream whereas reservoir 
spillway sites are considered downstream sampling sites 
with the 4 km of their difference.  Before the sampling 
of BMIs, the habitat coverage of the studied riverbed 
within 100 m of the river stretch was estimated. At least 
5 % habitat coverage of the substrate was sampled by 
using the multi-habitat sampling approach given by 
Moog (2007). A kick net of 500μm mesh size was used 
for the collection of BMIs from twenty micro-habitats 
and a composite sample was made from each site. 
 
The width of the river was measured by using a 
measuring tape. Similarly, the depth was measured by a 
staff gauge and the velocity was measured by a current 
meter (Model; Gurley Price AA) in the study areas. The 
physicochemical parameters - pH, water temperature, 
Dissolved Oxygen (DO), Total Dissolved Solids (TDS), 
and Electrical Conductivity (EC) were measured using a 
handheld multi-parameter probe through the Federation 
and APHA (2005).  
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Figure 1 Map of the study area with sampling sites 

(Kulekhani reservoir; Upstream - SA01 & SA02, Downstream- SB01 & SB02) 
 
 

Table 1 Geographic and some features of sampling sites   

Features  

Upstream of the reservoir Downstream of the reservoir 

Seti Stream 
(SA01) 

Chitlang Stream 
(SA02) 

Immediate 
(SB01) 

Spillway After 4 km of 
SB01 (SB02) 

Location Markhu Markhu Along the Kathmandu-
Kulekhani Road 

Along the Kathmandu-
Kulekhani Road 

Longitude 85°10’1.86” E 85°15’73.09” E 85°15’58.05” E 85°9’33.47” E 

Latitude 27°36’28.1” N 27°62’12.14” N 27°58’38.04” N 27°34’47.81” N 
Stream width (m) 1.5 5 2.5 3.5 

Elevation (m) 1615 1560 1442 1295 

Stream depth (m) 0.06 0.4 0.19 0.32 
Velocity (m/s) 0.4 0.8 0.5 0.7 
Stream bed substrate Boulder, gravel, 

pebble 
Boulder, gravel, 

pebble 
Boulder, pebble, gravel, 

sand 
Boulder, pebble, gravel, 

sand 

 
 
Data analysis 
The benthic macroinvertebrates were processed in the 
laboratory (Central Department of Environmental 
Science, Tribhuvan University) and recorded with an 
abundance of each sample unit in the screening protocol 
(Moog et al., 2008) and thus were sorted and identified 
at the family level using references (Dudgeon (1999); 
Wagner (2004); Bouchard (2004); Nesemann et al. 
(2006); Subramanian & Sivaramakrishnan (2007) and 
Nesemann et al (2011 a, b)). Then they were counted and 

preserved in 90% ethanol for future reference. The 
meaning of ecological status includes the specific aspects 
of the biological quality elements, for example, 
composition and abundance of aquatic flora or 
composition, abundance and age structure of aquatic 
fauna. Biological Water Quality Class Calculation, Ganga 
River System Biotic Score per Average Score Per Taxon 
(GRS-ASPT) (Moog et al., 2008) was calculated by 
dividing the number of taxa score by the total GRSBIOS 
score and the obtained numerical value was compared 
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with its transformation table for evaluation of biological 
water quality classes of running as well as stagnant water 
bodies (Nesemann, 2006). The description of river water 
quality classes was done for GRS/ASPT value (Moog et 

al., 2008). Richness and abundance were evaluated by the 
calculation of different metrics as shown in Table 2. 
 

 
 

Table 2 Different indices with their calculation formula 

 
 
Multivariate analysis 
The relationship between environmental variables and 
BMIs was evaluated through Canonical Correspondence 
Analysis (CCA) using the CCA function in vegan 
package (Oksanen et al., 2019) in the R studio version 
(3.1.2). The appropriate ordination technique CCA was 
selected and was performed amongst Hellinger 
transformed BMIs abundance data with the transformed 
explanatory variables.  
 

Results and Discussion 
Tolerance measure 
Physicochemical parameters 
The obtained physico-chemical parameters (Table 3) 
indicate the variation in the mean values among studied 
streams, which directly differ from the BMIs 
assemblages. Typically, natural pH levels fall between 6.5 
and 9.0 which are varied according to the surrounding 
soil and vegetation (Mesner & Geiger, 2010). pH value 
was basic in upstream sites SA01 and SA02 (8.27 and 
8.05), respectively. The downstream sections (SB01 & 
SB02) had lower pH values of 7.55 and 7.57, 
respectively.  
 

There seem to be both direct and indirect effects in all 
aspects of stream ecology due to the temperature of 
water in it. Different organisms thrive at different water 
temperatures. It is regarded that the approximate upper 
limits range from 38°C (100°F) for fish and 50°C 
(122°F) for aquatic insects to 73°C (163°F) (Poole & 
Berman, 2001). The temperature of sampling sites above 
the dam sites was found to be less than below the dam 
sites. Increases in water temperature below dams are a 
known consequence of water abstraction, reducing the 
water’s thermal capacity (Sinokrot & Gulliver, 2000). 
The EC was found higher (277 and 277.75 µS/cm) 
below dam sites and lower above the dam site (198.25 
and 189.25 µS/cm). Moreover, higher EC below dams 
could be a consequence of higher temperatures in these 
sites (Gasol & Kalff, 2002). The variation in the level of 
conductivity may be due to the geological area through 
which the stream path (Dorji, 2016) and the impact of 
urbanization processes like sewage discharge, waste 
disposal or storage etc. (Glińska-Lewczuk et al., 2016; 
Wdowczyk & Szymańska-Pulikowska, 2020). Similarly, 
TDS concentration was found to be higher in below dam 
sites than above. 

  
Table 3 Mean value of physico-chemical parameters 

Parameters units 
Mean ± SD 

SA01 SA02 SB01 SB02 

pH  8.27 ±0.12 8.05 ±0.12 7.55 ±0.12 7.57 ±0.33 

Temp 
0C 9.63 ±0.36 9.65 ±0.26 11.15 ±0.62 11.53 ±1.03 

EC µS/cm  198.25 ±1.71 189.25±3.09 277 ±4.83 277.75 ±14.84 

TDS ppm 97.5 ±1.29 97 ±1.83 138.25 ±2.5 137 ±1.83 

DO mg/L 9.27 ±0.22 9.3 ±0.29 8.09 ±0.15 6.58 ±0.33 
Note; SD-Standard Deviation   

Metrics Calculation References 

Taxa Richness Total number of present taxa in a site  (Peet, 1974) 

Total Abundance Total number of individuals on a site  (Peet, 1974) 

No. of EPT Taxa Total sum of EPT taxa (Peet, 1974) 

Percentage of EPT abundance 

(Sum of Ephemeroptera, Plecoptera and Trichoptera 

individuals in a site/Total abundance in a site) ∗ 100  (Peet, 1974) 

Diversity Indices   

Shannon's Diversity Index (H) −Σpi ∗lnpi pi = relative abundance of ith taxa  (Magurran, 1988) 

Simpson's Diversity Index (D) 1−Σ (pi ∗pi) pi = relative abundance of ith taxa (Magurran, 1988) 

Evenness measures (e) 
H/lnS with H = Shannon’s diversity index, S = Taxa 
richness  (Magurran, 1988) 
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The higher value of DO was recorded on site above the 
dam than below the dam sites. Variations in DO level 
might be triggered by a joint effect of temperature, 
photosynthesis, respiration, organic waste, aeration, and 
sediment concentration (Bayoh & Lindsey, 2003; 
Bhattarai et al., 2008).  Since the distribution of many 
taxa is affected by concentrations of DO; it is regarded 
as an important component for impacting the 
composition of freshwater communities (Everard, 2003; 
Connolly et al., 2004). Generally, stream water requires 4 
mg/L of DO to support diverse aquatic life (USEPA, 
2008). The slightly in the DO level below the dam might 
be associated with anthropogenic disturbance (Akasaka 
et al., 2010; Dorji, 2016).  
 
The upstream and downstream of the reservoir had 
evident differences in their physicochemical variables, 
with wide variation and extreme values in variables 
measured below the Kulekhani dam (Table 3). The 
obtained value of water temperature, TDS, and EC was 
found higher downstream than upstream of dam sites. 
Moreover, pH was found to be more alkaline upstream 
with a high DO value. These physicochemical variables 
are found directly affected the BMI’s assemblages.  

Tolerance measures with Ecological Health 
Tolerance refers to the niche breadth or the span of the 
environment that an organism can cope with. Based on 
this it can be said that more tolerant organisms can 
withstand a broader range of conditions (Yuan, 2004). 
The GRSBIOS and ASPT value were slightly decreased 
below the dam as shown in Figure 2.  
 
Table 4 represents the ecological health of different 
studied sites. It depicts that the site (SBO1) below the 
dam was critically polluted with River Water Quality 
Class (Sharma & Moog, 2005) (RWQC-III) i.e., critically 
polluted with fewer taxa tolerance score which then 
recovers in SB02 which was moderately polluted. The 
sampling sites above the dam are characterized by good 
ecological status specified by the high proportion of 
pollution-sensitive BMIs (Ephemeroptera, Plecoptera, 
Trichoptera, some Diptera, etc.) which have higher 
GRSBIOS scores. This result supported the study done 
by Sharma (2003) that the immediate site just below the 
dam got fewer scores with less water quality in the small 
hydropower of Tinau River. 
 

 
  

 
Figure 2 Tolerance measures of taxon showing with ASPT and GRS bios values  

 
 
 

Table 4 Ecological health of different sites in above and below Kulekhani dam  

Attributes 
Above dam Below dam 

SA01 SA02 SB01 SB02 

RWQC II I III II 

Status Good High Fair Good 

Description Moderately polluted Slightly polluted Critically polluted Moderately polluted 
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This study also reflects that the ecological status was 
degraded immediately sampling site after the dam which 
then recovered after four kilometers in which the river 
quality above the dam was found to be better than that 
below the dam. Previous studies have found that 
changes in hydrology and disruptions of the stream’s 
natural connectivity affect the transportation of 
nutrients, energy, and sediments to sites below the dam, 
with effects on macroinvertebrate assemblages (Ward & 
Stanford, 1983; Petts, 1984; Petts et al., 1993; Ligon et 
al., 1995; Finer & Jenkins, 2012) which could be the 
consequences of observes low water quality below the 
dam sites.  
 
Composition of BMIs 
The composition measures comprise the assemblage and 
the relative contributions of the population of the total 
fauna (Houston et al., 2002). Lydy et al. (2000) have 

related the use of EPT taxa richness (in %) as the most 
illustrative tool to analyze the biological data to ensure 
the most effective investigation of water quality. Among 
the studied candidate metrics of composition measures, 
% of E (Ephemeroptera), % of P (Plecoptera), and % of 
T (Trichoptera) taxa was decreased below the dam while 
found higher above the dam (Figure 4). The total EPT 
(Ephemeroptera, Plecoptera, and Trichoptera) taxa were 
recorded higher above the dam sites. This result was 
similar to the findings of Ligon et al. (1995), Lessard & 
Hayes (2003), Buchberger et al. (2008), Sharma (2010), 
Mihalicz et al. (2019), and Ko et al. (2020), where the 
EPT composition on any sites was expected to decrease 
with the increase in disturbance because EPT taxa 
composition is sensitive towards temperature and flow 
regime (Parmesan, 2006). Hence, the families of EPT 
taxa were found higher above the dam. 

 
 
 

 
Figure 3 Percentage of relative abundance of macro-invertebrate in the study sites 

 
 
 
Richness measures 
A total of 25 Families and 8 Orders of aquatic 
macroinvertebrates were identified from sampling sites 
above and below the reservoir. As presented in Table 6, 
18 Families were belonging to 8 Orders, and 13 Families 
belonged to 6 Orders from above and below the dam 
respectively. The highest number of individual macro-
invertebrates was recorded from the Diptera Order and 
the lowest individual was recorded from the Oligochaeta 
order above the dam. The unique families recorded only 
above the dam were Ceratopogonidae, Chironomidae 
(not red), Nemouridae, Hydroptilidae, Heptageniidae, 
Coenagrionidae, and Oligochaeta. The higher individual 
macroinvertebrate was recorded from Coleoptera 

Orders and the lowest individual was recorded from 
Odonata Orders above the reservoir. The unique 
families recorded only below the dam were 
Chironomidae (red), Halipidae, Dytiscidae, Perlodidae, 
Apataniidae, Gomphidae, Hydraenidae, and Libellulidae.  
 
The taxa richness (17 & 9), and total abundance of 
macroinvertebrates (211 & 98) with % of EPT 
abundance (35.07 & 30.61) were found higher above the 
reservoir (SA01 and SA02) and lower below the reservoir 
(SB01 & SB02) (Table 5). In the present study, the 
immediate sampling site below the reservoir (SB01) 
consisted of a lower taxa richness (6) than other sites 
which reflects the decrease in water quality. While the 
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site (SA01) above the reservoir has high taxa richness but 
the decrease in water quality is due to the disturbed sites 
and lower taxa score invertebrates. Generally, the total 
number of taxa and biotic attributes such as total taxa 

richness as well as EPT taxa richness increases with the 
increase in water quality (Plafkin, 1989).  
 

 
 

Table 5 Richness Measure of upstream and downstream of the reservoir 

Measures 
Above dam Below dam 

Response to 
stress SA01 SA02 SB01 SB02 

Taxa Richness 17 9 6 12 Decrease 

Total Abundance 211 98 34 88 Decrease 

No. of EPT Taxa 6 4 2 2 Decrease 

% of EPT abundance 35.07 30.61 28.57 28.4 Decrease 

Shannon’s diversity Index 2.63 1.91 1.795 2.25 Decrease 

Simpson’s diversity Index 0.99 0.97 0.971 0.99 Neutral 

Evenness measures 0.93 0.87 0.957 0.87 Neutral 

 
 
The variation in BMIs diversity indices showed that 
immediate sampling (SB01) sites have high evenness 
measures (0.95) but less Shannon’s diversity Index (1.75) 
than other sampling sites (Table 5). The sampling site 
above the dam (SA01 & SA02) showed a high 
concentration of the Shannon and Simpson’s diversity 
index (2.63 & 1.91) and (0.99 & 0.97) respectively as the 
result showed that Shannon diversity index was higher in 
site SA01 which showed a high species composition, 
abundance and diversity were high above the dam than 
other sites. But the low Shannon’s and Simpson’s 
diversity index in SB01 showed less diversity and 
abundance which then recover in the next site (SB02). 

The high evenness measures obtained in the site showed 
that the number of species present was highly close to 
each other with the environment. This study is also 
supported by Sharma et al. (2007), where species 
composition and abundance of EPT are found high 
above the dam which depends upon heterogeneous 
substrate composition and higher concentration of 
dissolved oxygen; characteristic of less disturbed area. 
Similarly, the percentage of BMIs abundance was 
evaluated (Figure 5) were percentage of Diptera for 
SA01, Coleoptera for SA02, Trichoptera for SB01, and 
Coleoptera for SB02 was higher with 33.2 %, 45.9%, 
29.4 % and 43.2%, respectively.  

 

 
Figure 4 Percentage of BMIs abundance of sampling sites 

Note: (Odo-Odonata, Ephe-Ephemeroptera, Trich-Trichoptera, Plecop-Plecoptera, Colep-Coleoptera, Dip-Diptera) 
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Table 6 Total number of BMIs individuals with their respective class, order, and family 

Class Order Family 
Above dam Below dam 

SA01 SA02 SB01 SB02 

Insecta Diptera Tabanidae 16 5 - - 

Insecta Diptera Tipulidae 6 3 - - 

Insecta Diptera Chironomidae (not red) 30 - - - 

Insecta Diptera Athericidae 8 - - 10 

Insecta Diptera Ceratopogonidae 10 - - - 

Insecta Diptera Chironomidae(red) - - - 10 

Insecta Coleoptera Hydrophilidae 12 - 5 4 

Insecta Coleoptera Elmidae 30 35 - 22 

Insecta Coleoptera Psephenidae 6 10 - 4 

Insecta Coleoptera Halipidae - - 4 2 

Insecta Coleoptera Dytiscidae - - - 4 

Insecta Coleoptera Hydraenidae - - - 2 

Insecta Plecoptera Nemouridae 7 6 - - 

Insecta Plecoptera Perlodidae 15 - - 10 

Insecta Trichoptera Hydropsychidae 12 4 - - 

Insecta Trichoptera Hydroptilidae 24 - - - 

Insecta Trichoptera Apataniidae  
- 3 - 

Insecta Ephemeroptera Heptageniidae 10 - - - 

Insecta Ephemeroptera Baetidae 6 10 10 15 

Insecta Ephemeroptera Ephemerellidae - 10 - - 

Insecta Odonata Coenagrionidae 10 15 - - 

Insecta Odonata Gomphidae - - 5 1 

Insecta Odonata Libellulidae - - - 4 

Oligochaeta Oligochaeta Oligochaeta 1 - - - 

Gastopoda - Planorbidae 8 - 7 - 

Total 211 98 34 88 

 
 
Influence of environmental variables in 
macroinvertebrates 
The macroinvertebrate acronym represents: - Ta-
Tabanidae, Ti-Tipulidae, Chir (NR) -Chironomidae (not 
red), An-Athericidae, Cer-Ceratopogonidae, Hyd-
Hydrophilidae, Eli- Elmidae, Psep-Psephenidae, Hali-
Halipidae, Dyti-Dytiscidae, Hydra-Hydraenidae, Nem-
Nemouridae, Perl-Perlodiadae, Hydr-Hydropsychidae, 
Hydrop-Hydroptilidae, Apat-Apataniidae, Hept-
Heptageniidae, Bae-Baetidae, Ephe-Ephemerellidae, 
Coe-Coenagrionidae, Gom-Gomphidae, Libel- 
Libellulidae,Oligo-Oligochaeta, Plan-Planorbidae 
 
For each of these explanatory variables (Temperature, 
pH and DO), a correlation was obtained with the CCA 

axis (Table 7). The pH has a high negative correlation 
with the second ordination axis and to a lesser extent 
temperature also displays a negative correlation with the 
first ordination axis. While DO has a high negative 
correlation with all ordination axes. For instance: BMIs 
families like Tabanidae, Tipulidae, and Chironomidae 
(Red and Not red) showed a positive correlation with pH 
meaning these species tend to have a larger abundance 
at higher pH. Similarly, Apatanidae, Gomphidae, and 
Halipidae have shown a positive correlation with 
temperature, meaning they have a higher probability of 
occurrence at a higher temperature. While Nemouridae 
(Plecoptera), Baetidae (Ephemeroptera) have shown a 
positive correlation with DO.  
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Figure 5 Canonical Correspondence Analysis (CCA) ordination plot of macro invertebrates’ abundance and 

distribution to physico-chemical variables   
 
 

Table 7 Biplot score for the constraining variables in three CCA axes 
 

 
 
The variation in macroinvertebrates assemblages was 
affected by physicochemical parameters supporting the 
studies by Armitage (1983), Lydy et al. (2000), Barbour 
(2001), Lessard (2003), and Dalu et al. (2017). As the 
study result match with other research finding where 
higher DO has been seen to be positively associated with 
EPT taxa as these taxa mostly contain sensitive 
organisms (Mattson, 1996). Similarly, pH and 
temperature have been regarded as variable responses 
that are seen both spatially and temporally (Petrin et al., 
2007), so the study on the association of BMIs along 
with a pH- gradient and temperature is required to fully 
support the results presented here. 
  

Conclusions 
This study examined the variation of the physico-
chemical parameters and BMIs in the upstream and 
downstream of the Kulekhani reservoir. The results 
showed that the water quality of upstream is good with 
higher taxa, abundance (total and EPT taxa), and 
diversity index as compared to the downstream and 
physico-chemical parameters as the determining factor 
for the BMI’s assemblages. The estimated ASPT score 
reflect the variation in the RWQS with slightly polluted 
Chitlang Stream, moderately polluted Seti Stream and 

spillway after 4 km, and critically polluted immediate 
downstream of the reservoir. The CCA analyses also 
demonstrate the higher influence of BMI’s by the 
physico-chemical parameters. The presence of tolerant 
BMIs assemblages depicts the disturbance in the 
immediate downstream of the reservoir. However, the 
in-depth analysis with the inclusion of small streams and 
spring which in-feed the Kulekhani reservoir and 
sampling from the reservoir bed are lacking and strategic 
basin level with the plan for maintaining the connectivity 
of the ecological status are necessary for the 
comprehensive impact analysis. This study can be the 
baseline for the impact assessment of the damming and 
impoundments in the ecological health of the waterways.  
 

Acknowledgements 
We sincerely thank the Central Department of 
Environmental Science, Tribhuvan University, Nepal for 
providing laboratory equipment and facilities for 
analysis. 
 
Author Contributions: Planned and Designed: MG; 
Field work and chemical analysis: MG and TR; 
Methodology, Data analysis: MG; Supervision: RS; 

Parameter CCA1 CCA2 CCA3 

pH 0.65 -0.76 0.01 

DO -0.05 -0.81 -0.58 
Temp -0.93 0.37 0.01 



34 

 

 
 

Nep J Environ Sci (2022), 10(2), 25-36 
https://doi.org/10.3126/njes.v10i2.38142 

 TU-CDES 

Writing original draft: MG; Review, editing and final 
shape: MG and TR.    
Conflicts of Interest: The authors declare no conflicts 
of interest.  
 
Data Availability Statement: The data that support the 
finding of this study are available from the 
corresponding author, upon reasonable request. 
   
 

References 
Aanes, K., & Bækken, T. (1995). Use of 

macroinvertebrates to classify water quality. Report 
No 2 A: Acidification. 

Adhikari, P.L., Shrestha, S., Bam, W., Xie, L., & 
Perschbacher, P. (2017). Evaluation of Spatial-
Temporal Variations of Water Quality and Plankton 
Assemblages and Its Relationship to Water Use in 
Kulekhani Multipurpose Reservoir, Nepal. Journal of 
Environmental Protection, 8(11), 1270. https://doi.org 
/10.4236/jep.2017.811079.  

Agboola, O.A., Downs, C.T., & O'Brien, G. (2019). 
Macroinvertebrates as indicators of ecological 
conditions in the rivers of KwaZulu-Natal, South 
Africa. Ecological indicators, 106, 105465. 
https://doi.org/10.1016/j.ecolind.2019.105465.  

Akasaka, M., Takamura, N., Mitsuhashi, H., & Kadono, 
Y. (2010). Effects of land use on aquatic 
macrophyte diversity and water quality of 
ponds. Freshwater Biology, 55(4), 909-
922.  https://doi.org/10.1111/j.1365-2427.2009.0 
2334.x.  

Armitage, P.D., Moss, D., Wright, J.F., & Furse, M.T. 
(1983). The performance of a new biological water 
quality score system based on macroinvertebrates 
over a wide range of unpolluted running-water 
sites. Water research, 17(3), 333-347. https://doi.org 
/10.1016/0043-1354(83)90188-4.  

Barbour, M.T. (2001). Rapid Bioassessment Protocols 
for Use in Steams and Wadable Rivers: Periphyton. 
Benthic Macroinvertebrates and Fish. 

Barbour, M.T., Gerritsen, J., Griffith, G.E., Frydenborg, 
R., McCarron, E., White, J.S., & Bastian, M.L. 
(1996). A framework for biological criteria for 
Florida streams using benthic macroinvertebrates. 
Journal of the North American Benthological Society, 15(2), 
185-211. https://doi.org/10.2307/1467948.  

Bayoh, M.N., & Lindsay, S.W. (2003). Effect of 
temperature on the development of the aquatic 
stages of Anopheles gambiae sensu stricto (Diptera: 
Culicidae). Bulletin of entomological research, 93(5), 375-
381. https://doi.org/10.1079/ber2003259.  

Bhattarai, K.R., Shrestha, B.B., & Lekhak, H.D. (2008). 
Water quality of Sundarijal Reservior and its feeding 
streams in Kathmandu. Scientific World, 6(6), 99-106. 
https://doi.org/10.3126/sw.v6i6.2643.  

Buchberger, S.G., Clark, R.M., Grayman, W.M., Li, Z., 
Tong, S., & Yang, Y.J. (2008). Impacts of global 
change on municipal water distribution systems. In 
Vsan Zyl, J.E., Ilemobade, A.A., Jacobs, H.E. 
(Eds.), Proceedings of the 10th Annual Water Distribution 

Systems Analysis Conference (pp. 1-13). Kruger 
National Park, South Africa. https://doi.org/10.10 
61/41024(340)3.      

 CBS. (2003). Population Monograph of Nepal. Central 
Bureau of Statistics (CBS), HMG/Nepal, 
Kathmandu. 

Connolly, N.M., Crossland, M.R., & Pearson, R.G. 
(2004). Effect of low dissolved oxygen on survival, 
emergence, and drift of tropical stream 
macroinvertebrates. Journal of the North American 
Benthological Society, 23(2), 251-270. https://doi.org/ 
10.1899/0887-3593(2004)023<0251:eoldoo>2.0.c 
o;2. 

Cummins, K.W. (1979). The natural stream ecosystem. 
The ecology of regulated streams (pp. 7-24). Springer, 
Boston, MA. https://doi.org/10.1007/978-1-4684-
8613-1_2.  

Cummins, K.W., & Klug, M.J. (1979). Feeding ecology 
of stream invertebrates. Annual review of ecology and 
systematics, 10(1), 147-172. https://doi.org/10.1146 
/annurev.es.10.110179.001051.  

Dalu, T., Wasserman, R.J., Tonkin, J.D., Mwedzi, T., 
Magoro, M.L., & Weyl, O.L. (2017). Water or 
sediment? Partitioning the role of water column and 
sediment chemistry as drivers of macroinvertebrate 
communities in an austral South African 
stream. Science of The Total Environment, 607 (317-
325). https://doi.org/10.1016/j.scitotenv.2017.06 
.267.  

Dorji, K. (2016). Utility of an existing biotic score 
method in assessing the stream health in 
Bhutan (Doctoral dissertation, Queensland 
University of Technology).  

Dudgeon, D. (1999). Tropical Asian streams: zoobenthos, 
ecology and conservation. Hong Kong University Press. 
https://doi.org/10.1127/archiv-hydrobiol/151/20 
01/527.    

Edegbene, A.O., Odume, O.N., Arimoro, F.O., & Keke, 
U.N. (2021). Identifying and classifying 
macroinvertebrate indicator signature traits and 
ecological preferences along urban pollution 
gradient in the Niger Delta. Environmental Pollution, 
281, 117076. https://doi.org/10.1016/j.envpol.20 
21.117076.  

Everard, M. (2003). Freshwater ecology: concepts and 
environmental applications, edited by WK Dodds. 
Academic Press, San Diego, London, 2002, xx+ 
569pp, tables, figs, glossary, reference list, index. 

ISBN 0‐12‐219135‐8. https://doi.org/10.1002/aqc 
.555.  

Federation, W.E., & APHA. (2005). Standard methods 
for the examination of water and wastewater. 
American Public Health Association (APHA): 
Washington, DC, USA, 21. 

Finer, M., & Jenkins, C.N. (2012). Proliferation of 
hydroelectric dams in the Andean Amazon and 
implications for Andes-Amazon connectivity. Plos 
One, 7(4), e35126. https://doi.org/10.1371/journal 
.pone.0035126.  

Gasol, J.M., & Kalff, J. (2002). Limnology. International 
Microbiology 5, 45–46. https://doi.org/10.1007/s10 



35 

 

 
 

Nep J Environ Sci (2022), 10(2), 25-36 
https://doi.org/10.3126/njes.v10i2.38142 

 TU-CDES 

123-002-0059-y.  
Glińska-Lewczuk, K., Gołaś, I., Koc, J., Gotkowska-

Płachta, A., Harnisz, M., & Rochwerger, A. (2016). 
The impact of urban areas on the water quality 
gradient along a lowland river. Environmental 
monitoring and assessment, 188(11), 1-15.  https://doi 
.org/10.1007/s10661-016-5638-z.  

He, S., Soininen, J., Chen, K., & Wang, B. (2020). 
Environmental factors override dispersal-related 
factors in shaping diatom and macroinvertebrate 
communities within stream networks in 
China. Frontiers in Ecology and Evolution, 8, 141. 
https://doi.org/10.3389/fevo.2020.00141.  

Houston, L., Barbour, M.T., Lenat, D., & Penrose, D. 
(2002). A multi-agency comparison of aquatic 
macroinvertebrate-based stream bioassessment 
methodologies. Ecological Indicators, 1(4), 279-292. 
https://doi.org/10.1016/s1470-160x(02)00024-9.  

Johnson, R.K., Wiederholm, T., & Rosenberg, D.M. 
(1993). Freshwater biomonitoring using individual 
organisms, populations, and species assemblages of 
benthic macroinvertebrates. In Rosenberg, D.M., & 
Resh, V.H. (Eds.), Freshwater Biomonitoring and Benthic 
Macroinvertebrates, pp 40-158.    

Kaboré, I., Moog, O., Alp, M., Guenda, W., Koblinger, 
T., Mano, K., Ouéda, A., Ouédraogo, R., Trauner, 
D., & Melcher, A.H. (2016). Using 
macroinvertebrates for ecosystem health 
assessment in semi-arid streams of Burkina Faso. 
Hydrobiologia, 766(1), 57-74. https://doi.org/10.100 
7/s10750-015-2443-6.  

Khanal, S.N. (2001). Effects of human disturbances in 
Nepalese rivers on the benthic invertebrate fauna. na. 

Ko, N.T., Suter, P., Conallin, J., Rutten, M., & Bogaard, 
T. (2020). Aquatic macroinvertebrate community 
changes downstream of the hydropower generating 
dams in Myanmar- potential negative impacts from 
increased power generation. Frontiers in Water, 2, 
573543. https://doi.org/10.3389/frwa.2020.5735 
43.  

Lanz, K., & Scheuer, S. (2001). EEB handbook on EU 
water policy under the Water Framework Directive. 

Lessard, J. L., & Hayes, D. B. (2003). Effects of elevated 
water temperature on fish and macroinvertebrate 
communities below small dams. River research and 
applications, 19(7), 721-732.- Armitage 1979. https:// 
doi.org/10.1002/rra.713.   

Ligon, F.K., Dietrich, W.E., & Trush, W.J. (1995). 
Downstream ecological effects of dams. BioScience, 
45(3), 183-192. https://doi.org/10.2307/1312557.  

Lydy, M.J., Crawford, C.G., & Frey, J.W. (2000). A 
comparison of selected diversity, similarity, and 
biotic indices for detecting changes in benthic-
invertebrate community structure and stream 
quality. Archives of Environmental Contamination and 
Toxicology, 39(4), 469-479. https://doi.org/10.1007 
/s002440010129.  

Magurran, A.E. (1988). Ecological diversity and its 
measurement. Princeton University Press. https://doi 
.org/10.1007/978-94-015-7358-0.  

Mattson, R.A. (1996). An Introduction to the Aquatic 
Insects of North America. R.W. Merritt, K.W. 

Cummins. Journal of the North American Benthological 
Society, 15(3), 401–403. https://doi.org/10.2307/14 
67288.  

Mesner, N., & Geiger, J. (2010). Understanding your 
watershed fact sheet: dissolved oxygen. 

Mihalicz, J.E., Jardine, T.D., Baulch, H.M., & Phillips, 
I.D. (2019). Seasonal effects of a hydropeaking dam 
on a downstream benthic macroinvertebrate 
community. River Research and Applications, 35(6), 
714-724. https://doi.org/10.1002/rra.3434.  

Moog, O. (2007). Manual on pro-rata multi-habitat-sampling 
of benthic invertebrates from wadeable rivers in the HKH-
region. Deliverable 8, part 1 for ASSESS-HKH, 
European Commission, 29 pp. 

Moog, O., Hering, D., Korte, T., Sharma, S., & Stubauer, 
I. (2008). Sustainable water management needs to 
be based on a sound scientific fundament. In Moog, 
O., Hering, D., Sharma, S., Stubauer, I., & Korte, T. 
(Eds.),  Proceedings of Scientific Conference on Rivers in the 
Hindu Kush Himalaya: Ecology and Environmental 
Assessment. pp. 3-4.  

Nesemann, H.F. (2006). Macroinvertebrate non-insects’ 
fauna and their role in biomonitoring of the Ganga 
River system’. MS by Research Thesis, Kathmandu 
University, Nepal. 

Nesemann, H., Tachamo Shah, R.D., Shah, D.N., & 
Sharma, S. (2011a). Morphological characters of 
Epiophlebia laidlawi Tillyard larvae, with notes on 
the habitat and distribution of the species in Nepal 
("Anisozygoptera": Epiophlebiidae). Odonatologica, 
40(3), 191.  

Nesemann, H., Shah, R.D.T., & Shah, D.N. (2011b). 
Key to the larval stages of common Odonata of 
Hindu Kush Himalaya, with short notes on habitats 
and ecology. Journal of threatened Taxa, 3(9), 2045-
2060. https://doi.org/10.11609/jott.o2759.2045-
60.  

Ofenböck, T., Moog, O., Sharma, S., & Korte, T. (2010). 
Development of the HKHbios: a new biotic score 
to assess the river quality in the Hindu Kush-
Himalaya. Hydrobiologia, 651(1), 39-58. https://doi 
.org/10.1007/s10750-010-0289-5.  

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., 
Legendre, P., McGlinn, D., Minchin, P.R., O’Hara, 
R.B., Simpson, G.L., Solymos, P., Stevens, M.H.H., 
Szoecs, E., & Wanger, H. (2019). Vegan: Community 
Ecology Package [Computer software]. 

Paish, O. (2002). Small hydro power: technology and 
current status. Renewable and sustainable energy 
reviews, 6(6), 537-556. https://doi.org/10.1016/s13 
64-0321(02)00006-0.  

Parmesan, C. (2006). Ecological and evolutionary 
responses to recent climate change. Annual Review of 
Ecology, Evolution and Systematics, 37, 637-669.  
https://doi.org/10.1146/annurev.ecolsys.37.09130
5.110100.  

Peet, R.K. (1974). The measurement of species 
diversity. Annual Review of Ecology and Systematics, 5, 
285-307. https://doi.org/10.1146/annurev.es.05.1 
10174.001441.  



36 

 

 
 

Nep J Environ Sci (2022), 10(2), 25-36 
https://doi.org/10.3126/njes.v10i2.38142 

 TU-CDES 

Petrin, Z., Laudon, H., & Malmqvist, B. (2007). Does 

freshwater macroinvertebrate diversity along a pH‐
gradient reflect adaptation to low pH? Freshwater 
Biology, 52(11), 2172-2183. https://doi.org/10.1111 
/j.1365-2427.2007.01845.x.  

Petts, G.E. (1984). Impounded rivers: perspectives for ecological 
management. Wiley. 

Petts, G., Armitage, P., & Castella, E. (1993). Physical 
habitat changes and macroinvertebrate response to 
river regulation: the River Rede, UK. Regulated 

Rivers: Research & Management, 8(1‐2), 167-178. 
https://doi.org/10.1002/rrr.3450080119.  

Plafkin, J.L. (1989). Rapid bioassessment protocols for use in 
streams and rivers: benthic macroinvertebrates and 
fish. United States Environmental Protection 
Agency, Office of Water.  

Poole, G.C., & Berman, C.H. (2001). An ecological 
perspective on in-stream temperature: natural heat 
dynamics and mechanisms of human-caused 
thermal degradation. Environmental Management, 
27(6), 787-802. https://doi.org/10.1007/s0026700 
10188. 

Rosenberg, D.M. (1992). Freshwater biomonitoring and 
Chironomidae. Netherland Journal of Aquatic 
Ecology, 26(2), 101-122. https://doi.org/10.1007/bf 
02255231.  

 Rosenberg, D.M., McCully, P., & Pringle, C.M. (2000). 
Global-scale environmental effects of hydrological 
alterations: introduction. BioScience, 50(9), 746-751. 
https://doi.org/10.1641/0006-3568(2000)050[07 
46:gseeoh]2.0.co;2.  

Shah, D.N., Shah, R.D.T., & Pradhan, B.K. (2011). 
Diversity and community assemblage of littoral 
zone benthic macroinvertebrates in Jagadishpur 
Reservoir. Nepal Journal of Science and Technology, 12, 
211-219. https://doi.org/10.3126/njst.v12i0.6505.  

Shah, R.D.T., & Shah, D.N. (2012). Performance of 
different biotic indices assessing the ecological 
status of rivers in the Central Himalaya. Ecological 
Indicators, 23, 447-452. https://doi.org/10.1016/j.ec 
olind.2012.04.001.  

Shah, R.D.T., & Shah, D.N. (2013). Evaluation of 
benthic macroinvertebrate assemblage for 
disturbance zonation in urban rivers using 
multivariate analysis: Implications for river 
management. Journal of Earth System Science, 122(4), 
1125-1139. https://doi.org/10.1007/s12040-013-
0317-8.  

Sharma, C.M. (2010). Biological impacts and local 
perceptions of Tinau River Dam, Nepal. VDM 
Publishing. 

Sharma, S., & Moog, O. (2005). A reference based 
Nepalese Biotic Score and its application in the 
midland Hills and Lowland plains for river water 
quality assessment and management. Proceedings of the 
Conference Plant Response to Environmental Stress. IBD 
and CO Publisher, Lucknow. 

Sharma, S., (2000). Capacity building in community: 
water quality assessment in the Jhikhu Khola 
Watershed Kavrepalanchok District, Nepal. 
Introducing NEPBIOS method in surface water 
quality monitoring. International Centre for 
Integrated Mountain Development (ICIMOD), 
Nepal. 

Sharma, S., Banjade, S., & Bhandari, R. (2007). Impact 
of Khimti-I Hydropower Project in Nepal on the 
ecological status of river and fishermen's livelihood. 
International Conference on Small Hydropower-Hydro Sri 
Lanka, 22, 24. 

Shrestha, M.K., Pandit, N.P., Bista, J.D., Wagle, S.K., 
Dahal, S.P., & Kc, K. (2009). Water quality pattern 
and natural food-based cage aquaculture in 
Kulekhani Reservoir. Small-scale Aquaculture for Rural 
Livelihoods, 118-125. 

Sinokrot, B.A., & Gulliver, J.S. (2000). In-stream flow 
impact on river water temperatures. Journal of 
Hydraulic Research, 38(5), 339-349. https://doi.org/1 
0.1080/00221680009498315.  

Stalzer, W., & Bloch, H. (2000). Preface: The Austrian 
approach. Hydrobiologia, 422–423, XIX–XXI. 

Sthapit, K.M. (1995). Sedimentation of lakes and 
reservoirs with special reference to the Kulekhani 
reservoir. In Schreier, H., Shah, P.B., & Brown, 
S. (Eds.), Challenges to mountain resource management in 
Nepal: processes, trends and dynamics in middle mountain 
watersheds. Workshop Proceedings, Jhikhu Khola 
Watershed, pp. 22-25. 

Strange, E.M., Fausch, K.D., & Covich, A.P. (1999). 
Sustaining ecosystem services in human-dominated 
watersheds: biohydrology and ecosystem processes 
in the South Platte River Basin. Environmental 
management, 24(1), 39-54. https://doi.org/10.1007/ 
s002679900213.  

Subramanian, K.A., & Sivaramakrishnan, K.G. (2007). 
Aquatic Insects for Biomonitoring Freshwater Ecosystems-A 
Methodology Manual. Ashoka Trust for Ecology and 
Environment (ATREE), Bangalore, India. 

Wagner, R. (2004). Freshwater invertebrates of the 
Malaysian region. Academy of Sciences Malaysia, 634-
637.  

Wdowczyk, A., & Szymańska-Pulikowska, A. (2020). 
Differences in the composition of leachate from 
active and non-operational municipal waste landfills 
in Poland. Water, 12(11), 3129.  https://doi.org/10 
.3390/w12113129. 

Wood, C.M. (1989). The physiological problems of fish 
in acid waters. Acid Toxicity and Aquatic Animals, 
125-152. https://doi.org/10.1017/cbo9780511983 
344.010.  

Yuan, L.L. (2004). Assigning macroinvertebrate 
tolerance classifications using generalised additive 
models. Freshwater Biology, 49(5), 662-677. https:// 
doi.org/10.1111/j.1365-2427.2004.01206.x.

 


