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1 Introduction
The ecological assessment depend on 2 elements: a measure 
of the ecological resource of interest (often expressed 
in terms of an index) and a benchmark (i.e., a reference 
condition) which help in judging if the measured condition 
of the resource differs from a desired, expected, or previous 
condition (Hawkins et al. 2010). Reference condition 
provides a baseline to measure anthropogenic impacts, 
describe the biological community potential and define 
spatial and temporal natural variability (Reynoldson et al. 
1997; Economou 2002; Wallin et al. 2003; Bailey et al. 
2004 as cited in Chaves et al. 2006). The reference sites 
serve as quality targets and as a base for the development 
of an assessment system. These sites can be selected on the 
basis of defined criterion (Hering et al. 2003). To assess 
the impact of hydropower dam on the ecology of Andhi 
Khola River, two sites were identified and pre-classified as 
Reference in Andhi Khola River. The sites were selected 
as per the defined criteria (Hering et al. 2003) and pre-

classified as reference based on Rapid Field Bio-screening 
(RFB) methods, Nepal (Moog 2007). Andhi Khola is a 
snow-fed perennial river located in western development 
region of Nepal. It is an important river of Shyangja district 
and originates from Dahare hill, southeast from Karkineta. 
It is estimated to be 96 km long with catchment area of 195 
km2, which finally drain to Kali Gandaki (Jha 2006). The 
altitude of the command area ranges from 380–625 m above 
sea level (NSAE 1997). The discharge of Andhi Khola River 
measured at the headwork of the irrigation system strongly 
varies: from 1.8–362.2 m3 s-1 (NSAE 1997). Water is scarcest 
in the spring months from February to April and very high 
during monsoon season from July to September. Water from 
the river is diverted to the surge tank of a power plant and to 
the irrigation system. The power plant requires a discharge of 
2700 L s-1 to generate power on full capacity. For irrigation, 
discharges of 0–600 L s-1 are required depending on the crop, 
the crop stage, and on additional rains (Etten et al. 2002). 
Besides the river also serve multiple public needs: bathing, 
drinking, as well as waste disposal (sewage as well as solid 
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wastes) and sanitation. Waste disposal, water abstraction 
and damming (for hydropower generation) were expected to 
pose severe impacts not only on the water quality, but also 
on the structure and function of rivers and their biological 
communities e.g., fish, macro-invertebrates, aquatic plants 
(Feld et al. 2010).

To validate the pre-selection of those sites, samples 
of macro-invertebrates fauna were collected based on 
qualitative Multi-Habitat Sampling (MHS) protocol (Sharma 
1996; Moog 2007). The RFB protocol primarily addresses 
the impact of organic pollution as well as stressors and 
their impacts, respectively, in particular the effects of 
water abstraction. Similar to the RFB protocols, MHS 
covers all available habitats (bottom substrata) in a river 
stretch applying a qualitative technique. The system covers 
both rapid screening methods (RFBs) to be applied in the 
field and index generation based on more extensive field 
sampling and subsequent processing of samples in the 
lab (sorting, identification). On the basis of this reference 

sites were validated using various indices viz. Nepalese 
biotic score/average score per taxa (NEPBIOS/ASPT)
(Sharma 1996), Biological monitoring working party 
(BMWP)(Hawkes 1997), Hindu kush Himalayan biotic 
score (HKHBIOS) (Ofenböck et al. 2008), HILSENHOFF 
(Hilsenhoff 1982) & National sanitation foundation water 
quality index (NSFWQI)(Fernandes 1997; Sharma et al. 
2008). A selection of water quality-related criteria was 
recorded on site in parallel (e.g., temperature, conductivity, 
dissolved oxygen and pH). Nitrate, sulphate, phosphate, 
calcium, magnesium, sodium, potassium, arsenic and lead 
were analyzed in the laboratory (APHA 1998). On the basis 
of these physico-chemical parameters water quality was 
assessed using NSFWQI (Fernandes 1997; Sharma et al. 
2008).

2 Study sites
In the month of January 2013 the river stretch, upstream to 
water abstraction point, was thoroughly visited and assessed 
to find reference or least impact conditions on the basis of 
defined criteria (Hering et al. 2003). Two such site were 
identified and pre-classified as reference based on RFB 
methods, Nepal (Moog 2007). First site termed as Rf1, is 
located along the major tributary Seti Khola near bridge 
crossing close to Seti Dobhan at latitude of 28°08.421′N, 
longitude of 83°50.620′E and altitude of 865 m. While 
the second site termed as Rf2 is located in Seti dhoban 
at latitude of 28°08.614′N, longitude of 83°49.819′E and 
altitude of 869 m. Detailed map and ecological conditions 
of these sites along Andhi Khola River are shown in Fig. 1 
and Photos 1 & 2. 

3 Methodology
3.1 Field sampling 
First sampling was done during 6–8 January 2013 and 
second sampling was done during 20–24 February 2013. 
Riverine benthic macro-invertebrates, occurring in all 
substrata within a 100 m river stretch were sampled using 
a hand-net (250 μm mesh size). Benthic invertebrates in 

Photo 1 Seti Khola (Rf1). Photo 2 Andhi Khola (Rf2).

Fig. 1 Location of the reference sites (Rf1 and Rf2) in 
Andhi Khola River basin.
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that unit were detached from the substrate by kicking or 
otherwise disturbing the area in front of the net so that the 
detached animals were flushed into the hand-net. Macro-
invertebrate species were preserved in ethanol (70%) and 
transferred to the lab for proper identification with the 
help of identification key (Merritt and Cummins 1996). 
A selection of water quality-related criteria was recorded 
on site in parallel (e.g. pH, conductivity and dissolved 
oxygen) using a WTW LF 197 sensor, while for other 
parameters like nitrate, sulphate, phosphate, calcium, 
magnesium, sodium, potassium, arsenic and lead water 
samples were collected for analysis in the laboratory using 
standard analytical methods (APHA 1998). Each criterion 
and macroinvertebrate families present in the river stretch 
were scored according to different indices, summed up and 
converted into a River Quality Class (RQC) ranging from I 
(high quality) to V (bad quality). 

3.2 Determination of quality at sites

For pre-classification the RQCs based on the RFB Nepal 
were determined by scores of benthic macro-invertebrate 
taxa encountered at a test site and additional biotic (e.g., 

algal mats) and sensory features (e.g., foam, smell, colour) 
(Sharma 1996; Hartmann and Moog 2008). Each taxon and 
additional feature was then transferred into RFB scores 
ranging from 0 to 3. Score 1 is assigned to “–” (absence) 
and “+” (presence) of features in the protocol, score 2 to 
“++”, any verbal description and % values in the protocol, 
and score 3 to “+++”; empty cells are scored “0”. The 
column with the highest column total finally indicated the 
RQC (Hartmann et al. 2008). 

Relative abundance (McGill et al. 2007) was calculated 
to assess how common or rare a species is relative to other 
species in the sampling sites.

For validation of sites NEPBIOS/ASPT, BMWP, 
HKHBIOS & HILSENHOFF biotic indices were calculated 
to assess the quality classes on the basis of multi-habitat 
sampling (Table 3) by assigning individual biotic score 
which is termed tolerance value for specific species. 
Average Score Per Taxon (ASPT) was calculated on the 
basis of tolerance score divided by the number of taxa in the 
sample. The physico-chemical parameters (Table 1) were 
used for computing NSFWQI to assess the water quality 
classes.

Table 1 Physico-chemical parameters during first and second samplings.

Note: ND = Not detected.

S.N. Analyzed parameters Units
First sampling Second sampling

Rf1 Rf2 Rf1 Rf2
A. Physical

1 Electrical conductivity (µS cm-1) 14.6 34.9 18.3 43.6
2 Alkalinity as CaCO3 (mg L-1) 4 16 8 20
3 Total dissolved solids (TDS) (mg L-1) 19 46 21 51

B. Chemical
4 Total hardness as CaCO3 (mg L-1) 20 30 16 26
5 Calcium (Ca++) (mg L-1) 4.0 604 3.21 4.8
6 Magnessium (Mg++) (mg L-1) 2.4 3.4 1.94 3.4
7 Chloride (Cl-) (mg L-1) 2 1 6 6
8 Fluoride (F) (mg L-1) ND (<0.05) ND (<0.05) ND (<0.05) ND (<0.05)
9 Nitrogen - Ammonia (mg L-1) ND (<0.05) ND (<0.05) ND (<0.05) 0.08
10 Nitrogen - Nitrate (mg L-1) ND (<0.05) ND (<0.05) ND (<0.05) ND (<0.05)
11 Orthophosphate (mg L-1) ND (<0.05) ND (<0.05) ND (<0.05) ND (<0.05)
12 Sulphate (SO4

--) (mg L-1) 3.13 3.48 3.90 5.51
13 Potassium (K+) (mg L-1) 0.15 0.35 0.23 0.40
14 Sodium (Na+) (mg L-1) 0.85 1.08 0.99 1.17

C. Trace metals
15 Iron (Fe) (mg L-1) ND (<0.05) 2.39 0.22 1.06
16 Manganese (Mn) (mg L-1) ND (<0.05) ND (<0.05) ND (<0.05) 0.08
17 Copper (Cu) (mg L-1) ND (<0.02) ND (<0.05) ND (<0.02) ND (<0.02)
18 Zinc (Zn) (mg L-1) 0.21 0.11 0.13 0.1
19 Cadmium (Cd) (mg L-1) ND (<0.003) ND (<0.003) ND (<0.003) ND (<0.003)
20 Chromium (Cr) (mg L-1) ND (<0.02) ND (<0.02) ND (<0.02) ND (<0.02)
21 Lead (Pb) (mg L-1) 0.007 0.018 0.059 0.057
22 Arsenic (As) (mg L-1) ND (<0.005) ND (<0.005) ND (<0.005) ND (<0.005)
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4 Results
4.1 River quality assessment 
4.1.1 On the basis of physico-chemical parameters
During first and second sampling electrical conductivity at 
site Rf1 was in the range of 14.6–18.3 while at site Rf2 in 
the range of 34.9–43.6. Nitrate and Phosphate were below 
to detection limits. Pb value was higher than permissible 
limits at both the sites while Cd value was higher than 

permissible limit at site Rf2 during the first sampling, while 
value of Zn, Pb and Al were higher than the permissible 
limits at both the sampling sites during the second sampling 
(Table 1). River Quality Classes (RQCs) were determined 
for all samples based on the NSFWQI which calculated the 
water quality at both the sites as good water quality which 
belong the water quality class II (Table 2).

4.1.2 On the basis of biological parameters

River quality assessment was based on altogether 26 taxa 
that were encountered in the two selected sites based 
on qualitative MHS samples (Table 3). The insect order 
Ephemeroptera and Trichoptera was represented by most 
families (six for each), while the most frequent taxa 
were Chironomidae, Baetidae, Hydropsychidae. Species 
abundance was higher at Rf2 during first and second 
sampling. Relative abundance of species during first and 
second sampling is shown (Figs. 2–5). River Quality Classes 
(RQCs) were determined for all samples based on the RFB 
protocols, the NEPBIOS/ASPT, HKHBIOS, HILSENHOFF, 
BMWP and the NSFWQI applying the class boundaries. 
The water quality indices RFB, NEPBIOS, HKHBIOS, 
HILSENHOFF and NSFWQI calculated the water quality at 
both the sites as good water quality which belong the water 

Table 2 Site classification based on the application of 
various indices.

First sampling Second sampling
Rf1 Rf2 Rf1 Rf2

Sr. No. 1 2 1 2
Pre-classification Reference Reference Reference Reference
NEPBIOS II II II II
HKH BIOS II II II II
HILSENHOFF II I II II
BMWP IV III III III
RFB II II II II
NSFWQI II II II II

Table 3 Taxalist for first and second samplings.

Class Order Family
Individual number for first sampling Individual number for second sampling

Rf1 Rf2 Rf1 Rf2
Insecta Ephemeroptera Baetidae 3 3 12 9

Heptageniidae 19 2 8
Ephemerelidae 4 1 17
Arthropleidae 4 3
Leptophlebiidae 2

Diptera Tabanidae 1 2
 Chironomidae 15 2 37 12

Limoniidae 3 5 2
Simulidae 1 3 595
Ceratopogonidae 1

Trichoptera Hydropsychidae 11 16 53 5
Philopotamidae 1 10 1
Stenopsychidae 1
Polycentropodidae 3
Glossosomatidae 2
Psychomidae 5

Coleoptera Psephenidae 6 21 2
Elmidae 1 12 4
Dyticidae 10

Odonata Euphaeidae 1
Gomphidae 1 6 2
Aishnidae 1

Megaloptera Corydalidae 3 1
Plecoptera Perlidae 2 4

Mollusca Tricladidae 7 5
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quality class II. HILSENHOFF index calculated the water 
quality at the Rf2 site in first sampling as Excellent. While 
the water quality index BMWP predicted the water quality 
as excellent, belonging to water quality class I (Table 2). 

4.2 Validation of pre-classified sites

Since BMWP was the only index which predicted the 
water quality as excellent, rest of the indices predicted the 
quality as good, hence the pre-classified sampling sites were 
validated as reference sites having  quality II.

5 Discussions
All protocols tested in the study performed relatively 
similar in the detection of organic pollution. No taxon 
seems to reflect the rather hydro-(morpho-)logical gradient 

in the river. This finding might be explained with the limited 
capacity of family-based indices to detect the impact of 
multiple environmental stressors. All protocols tested here 
follow a scoring approach similar to the NEPBIOS/ASPT 
(Sharma 1996) and constitute an index that is based on 
the mean value of individual sensitivity/tolerance scores 
allocated to macroinvertebrate families. In the NEPBIOS/
ASPT, scores are allocated to macroinvertebrate families 
according to their sensitivity or tolerance, respectively, 
towards organic pollution. Hence, the criterion used 
for scoring taxa determines the stressor detectable. 
Further clarification does require more data from hydro-
morphologically impacted, but unpolluted sites, which 
eventually might also help refine the scoring system and 
render it applicable to a variety of stressors occurring in 

Fig. 2 Relative abundance of species at site Rf1 during first 
sampling.
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second sampling.

Fig. 4 Relative abundance of species at site Rf2 during first 
sampling.

Fig. 5 Relative abundance of species at site Rf2 during 
second sampling.
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various rivers. The comparison of taxalist showed that both 
pollution sensitive and Tolerent taxa were exclusively found 
at the sampling sites, such as Heptageniidae, Baetidae, 
Ephemerillidae, Psephnidae, Chironomidae, Simulidae and 
Gomphidae. It infers that, although partly and temporally 
affected by hydrological stress, the good water quality 
at the sites does lead to a more diverse colonisation with 
benthic macroinvertebrates. The results confirm the role of 
(organic) pollution as a dominating stressor or master factor 
affecting benthic invertebrate richness in the whole river 
stretch, which could be the reason behind unavailability of 
sites having water quality of class I i.e. excellent. Fertilisers 
and biocides, which include pesticides and herbicides, could 
be a major source of Cd and Pb while Zn and Al could 
have leached into the river via a nearby storm-water drain. 
Different indices use different taxa for tolerance qualities 
hence multi-metric indices should be used to assess 
the impact of dams and water abstraction in the rivers. 
NEPBIOS, HILSEHOFF, HKHBIOS, RFB and NSFWQI 
are applicable in Nepalese rivers. Validated reference sites 
can be used to study the ecological impact of hydropower 
plant in Andhi Khola River.
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尼泊尔Andhi Khola河研究参照点的识别及确认
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摘  要：参照条件是开展河流生态学研究的基础，这些条件不受或很少受到人为干扰。为研究尼泊尔Andhi Khola河上一
处河坝的生态影响，采用野外快速生物筛分（RFB）法预先划分出2个研究参照点或最少干扰参照点，于2013年1月和2月采
集了生物学样品（大型脊椎动物）和物理-化学样品。对大型无脊椎动物区系使用多栖息地采样（MHS）法。通过一些指标
对预选的研究点进行了确认，这些指标是：尼泊尔生物评价法（NEPBIOS）、生物监测评价法（BMWP）、兴都库什喜马拉
雅生物评价法（HKHBIOS）、Hilsenhoff法（HILSENHOFF），以及国家卫生基金会水质指标法（NSFWQI）。NEPBIOS、
HKHBIOS、HILSENHOFF、RFB以及NSFWQI指标预测2个参照点的河水水质都比较好，达到II级水准。只有BMWP/ASPT水
质指标预测2个参照点的河水水质都很好，达到I级水准。如此，预选的这2个水质较好的点（II级）被确认为研究参照点。本研
究表明，多度量法适用于即将修建水利工程的河流的监测与评价。

关键词：参照；大型脊椎动物；水坝；指标；确认


