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Abstract
Fresh water system is important for human survival. It is home to world’s highest biodiversity.
Bhutan has rigorously developed hydropower projects to trap the benefit of the fast flowing
rivers. Hydropower has become biggest source of national revenue. However, it has come at the
cost of scores of environmental impacts. An attempt was made to assess the impact of dam
construction on the diversity of macroinvertebrate in Dagachhu Hydropower dam under Dagana
district. The physiochemical parameters and biotic scores were also used to assess the river
health condition. Samples were collected from sites above and below the dam for two seasons,
post monsoon and winter. Multihabitat sampling was carried out at an interval of 100 meters
reach for six stations each, above and below the dam. Total of 1,620 individuals, 36 families and
10 orders were recorded. There were 31 different families above the dam and 27 families below
the dam. Trichoptera (24%) was the most abundant and Annelida, Crustata and Megaloptera
made up just 6% of the total. When the Shannon diversity for two seasons was combined, there
was a significant difference above and below the dam. Diversity was found to be higher
(H'=5.42) above the dam than below the dam (H' = 4.39). However, no significant difference was
observed for post monsoon. Water quality was found to be good to moderate with biotic score of
5-7. Physiochemical characteristics of water above and below the dam were significantly
different. The sites below the dam were found to have higher pH and increased water
temperature. Inclusion of macroinvertebrates in the process of environmental impact assessment
is necessary to monitor the long term impact of hydropower projects and securing the health of
riverine ecosystem.

Key words: Environmental impact assessment, hydropower, macroinvertebrate, multihabitat,
physiochemical parameters, Shannon diversity, and water quality.
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1. Introduction
Freshwater is just 0.01% of earth’s water and it is home to world’s highest biodiversity hotspots.
Eastern Himalaya has the highest mountain ranges catering freshwater to more than 1.4 billion of
people in South Asia with freshwater (Braasch, 2016). It has huge stocks of water in the form of
snow and ice but it is observed to be receding faster than ever before (Palmer et al., 2008). The
rivers from mountains of Bhutan joins to form the great Brahmaputra river basin that benefit
million of people in the low lying areas in Bhutan, India and Bangladesh (Nesemann, 2007).
Today common anthropogenic disturbances have caused severe degradation of fresh
water. Some of the physical barriers included dams, diversions, channels and embankments for
various purposes. Over the years, hydropower construction have gained momentum in Bhutan
and has been the backbone of the Bhutanese economy (Tshering and Tamang, 2004).
Traditionally perceived to be environmental friendly; however, hydropower projects has come at
the cost of many environmental impacts (Dams et al., 1999).
A key stress on freshwater ecosystem is the habitat fragmentation attributed to the
building of dams (Gurung and Thoni, 2015). Dams have caused severe hindrance to aquatic
ecological processes and the physical landform of the river system (Ligon et al., 1995).
Reservoirs have significantly altered the physiochemical characteristics undermining the quality
of water (Chapman, 1996). Retaining and altering its natural flow from the reservoirs has lead to
change in aquatic and terrestrial habitat above and below dams (Combes, 2003). Damping and
diversion have effects on the volume of water on the normal flow regime that has consequent
effect on habitat conditions, community structure, behaviour, species diversity and alteration of
food resources influencing the organism behaviour and biotic interactions (Ligon et al., 1995;
Lessard and Hayes, 2003; Santucci et al., 2005; Vallier, 2012; Hayes and Mahan, 2013).
Artificial Lakes and reservoirs disrupt the longitudinal connectivity of streams, considerably
affecting benthic macroinvertebrate assemblages and diversity (Monaghan et al., 2005; Growns,
et al., 2009). Other associated problem involves the sedimentation, thermal and chemical
changes of the water that leads to loss of habitat, (Thomson et al., 2005; Doeg and Koehn, 1994).
Aquatic insects play an important role in aquatic ecosystem functioning. They are
important elements in tropic chain, constituting prey for vertebrates and helps in nutrient cycling
and energy flow. At the larval stage, they constitute the principal nutritive food for fish
(Choudhury and Gupta, 2015). Therefore they maintain important link in the aquatic life forms
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and balance the ecosystem and functional processes of river ecosystem (Cummins, 1979;
Vannote at al., 1980).
Therefore, the long-term protection of freshwater species is largely dependent upon
identifying the underlying physical processes and identifying most vulnerable species (Combes,
2003). Experience from Europe have initiated that assessment of water quality through the use of
macroinvertebrate was found to be appropriate and HKH bios score was adopted for Himalayan
region (Sharma and Sharma, 2013). Although most of the rivers in Bhutan are not heavily
degraded but it is time to take progressive steps towards its conservation for long term benefit of
the mankind.
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2. Materials and Methods
2.1.Study Area
Dagachhu Hydro Power Corporation Limited is a subsidiary company of Druk Green Power
Corporation. The 126 MW Dagachhu Hydroelectric Dam (27°25’02.9”N and 089°33’29.8”E) is
located at an altitude of 985 masl in the south-western part of Bhutan under Dagana Dzongkhag.
The project site falls under Kana, Khebisa, Goshi and Tsendagang.

Figure 1: Dagachhu watershed and the location of sampling sites.
A-Major Rivers under Dagana Dzongkhag, B.-Dagachhu watershed and other tributaries, CDagachhu river and sampling stations
The area is predominantly covered by warm broad leaved forest. Dagachhu is sixth stream Order
River with annual average precipitation of 2500 mm. The dam site is located in the subtropical
broad leaf forest with interspaced chirpine forest. It falls within the subtropical ecosystem with
diverse flora and fauna species in the area. It receives heavy rainfall making the place hot and
humid in summer and cold and dry winter. Dagachhu rivers is a sixth order stream and an
important river basin II which covers a catchment area of 676 sqkm and joining with the
Punatshangchhu river basin (Bhutan Consultants and Research, 2006).
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It has an estimated mean annual generation of 515GWh. The Dagachhu project is the
first Public-Private Partnership (PPP) venture in the hydropower sector. It is the first major
hydropower project being promoted under the Clean Development Mechanism (CDM) in Bhutan
and first cross border CDM project in the world registered under United Nations Framework
Convention on Climate Change (UNFCCC). It will result in annual mitigation of 500,000 tons of
Carbon dioxide (CO2) during its useful life on a cross border basis in India. The project was
successfully commissioned in March 2015. It is the first major project to be managed entirely by
a Bhutanese management team.
2.2.Sampling design
Benthic macro-invertebrates were sampled in early autumn as post monsoon collection in
August, 2016 and then winter collection in January, 2017. The samples were being taken from
above (AD1, AD2, AD3, AD4, AD5, and AD6) and below (BD1, BD2, BD3, BD4, BD5, and
BD6) the dams. A total of 12 sampling stations were identified and samples were collected from
six replicas each above and below the dam site. Although, traditionally sampling in lotic system
were targeted at single habitat (Brooks et al., 2002 ), but multi-habitat sampling collection was
adopted based on (Barbour et al., 2006). The primary advantage of the multi-habitat approach is
to sample representative stream habitats that will address habitat altered systems can provide an
indication of impairment from both chemical and non-chemical stressors. This technique has
been shown to collect representative samples of the stream reach and to be highly precise among
and within sampling crews. The multi habitat included; pool, run, riffle and cascade along the
stretch. The sampling stations have 100 meter interval, and samples were collected along reach.
Total sampling distance stretched 1200 meter.
Among several available methods of macroinvertebrate collection; D-Frame sampling
method was adopted depending on the objective and physical nature of the stream’s habitat. Dframe net of 0.5m x 0.5m and 500µm mesh size was used for collection of samples. Because
macro invertebrates are not evenly distributed within a stream, multiple samples were taken to
ensure adequate spatial representation of the stream. D-Frame also has the ability to sample
multiple habitats and potential for quick and relatively inexpensive.
To consider the temporal change of macro invertebrates with the change in environment,
samples were taken for two seasons. In the month of August 2016, post monsoon samples were
5

taken and for winter season samples were taken in January 2017. These timing also had the
advantage of slow flow and higher oxygen content (Bureau of Fisheries Management and
Habitat Protection & Monitoring and Data Assessment Section, 2000)
2.3.Macroinvertebrate sampling procedure
The distribution of the samples within the reach were systematic and four habitat sites were
predetermined within the 100 meter reach (Vallier, 2012) although Heyslip and Gretchen, 2007,
suggest that the reach length are calculated 40 times the width of the stream. Therefore to avoid
the dilution of the intent of the objectives, 100 meter reach was adopted for the study. At first in
every 100 meters reach, multiple habitats were assessed and identified for sampling. The
samplings were carried out from downstream to upstream manner as to avoid disturbance of
habitat (Joseph, 2017). The habitats were selected based on visual observation and staking into
the depth, nature of the river bed and the velocity of the flowing river. All four types of habitats
were not present in some reaches based on the field condition.
Each sampling plot covered four habitat types, pool, run, riffle, and the cascade.
Sampling was done keeping the dam as reference point and sampling carried out on either site
along the length of the stream. Benthic macroinvertebrates was sampled at each sampling unit by
kick and sweep sample method. It was also collected by dislodging the substratum by hand
between boulder pockets, the bottom substrates were stirred by hand, and released materials and
organisms into the D-frame net. Field processing of macroinvertebrate such as removing large
debris (rocks, sticks and leaves) and other vertebrates will be released out.
The sampling materials were preserved quickly after collection after transferring the
sample material from the sieve bucket to the sample containers in 100% reagent alcohol. The
containers were then tagged with field number, date, site name, and number of containers. The
macroinvertebrates were sorted visually using a pair of fine forceps (Carter and Resh, 2001). The
samples were brought to the lab for identification. Samples were preserved in 10% formalin and
brought to CNR laboratory for identification using keys provided by (Wangchuk and Eby, 2013).
The family level identification were carried out as per the recommendation by (Melo and
Froehlich, 2001) and as per Tomanova, et al. (2006) and Gayraud et al. (2003) that identification
up to family level for bio-monitoring purposes do not compromise the results. Furthermore, due
to limited taxonomic keys of Bhutan taxa, it was not possible to identify the organisms to the
species level.
6

2.4.Recording physical and chemical variables
The physical and chemical parameters were recorded in the developed format (Annexure 2). The
chemical parameters such as temperature, pH, conductivity, total dissolved solids and salinity
were measured in the field with the help of PCSTestr 35 Multi-Parameter at every sampling
station. The geographical elements like altitude, latitude and longitude were also recorded in the
field using Global Positioning System (GPS).
2.5.Data Analysis
s

Macroinvertebrate diversity was calculated using Shannon Diversity Index (H = ∑ pi (lnpi)
i=1

where S= species richness, pi= proportion of individuals belonging to ith species or the relative
abundance, ln= natural logarithm or log). Macroinvertebrate evenness above and below dam and
between the streams was calculated by using Shannon Evenness (E H = H/Hmax=H/ln S). Mann
Whitney U test was carried out to see the significance difference above and below the dam based
on diversity, abundance and richness. The Kruskal Wallis test was also run to assess differences
in environmental variables above and below dam.
The correlation between diversity indices and environmental variables for site above and
below dam were determined by using the Spearman’s correlation. The data compilation were
carried out in excel and SPSS was used for the analysis.
The data analyses for macroinvertebrates was conducted using biological index often
called an IBI, or Index of Biological Integrity (Heyslip and Gretchen, 2007) as proposed by
Hilsenhoff in 1977, BI = Σ ni ai/N. Where ni is the number of specimens in each taxonomic
group, ai is the pollution tolerance score for that taxonomic group, and N is the total number of
organisms in sample (Zimmerman, 1993). The water qualities of the sites were assessed through
HKH bios score including the physical variables (Zimmerman, 1993).
2.6. Water quality using HKHbios value
A benthic invertebrate based scoring system (HKHbios-Hindu Kush-Himalayan biotic score)
was used to determine the quality of water within the study area (Ofenböck et al., 2010). The
HKHbios value of the individual streams are calculated using the HKHbios formula and the
calculated value are compared to the class boundaries of for individual eco regions (Table 3.1)
to find out the quality of water.
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To calculate the HKHbios value of a community, the individual taxon’s score (HKH-bios score)
is multiplied by the corresponding taxa weight. The products of the multiplications are summed
for the entire sample and this sum is divided by the total sum of weights.

HKHbios =

n
=1 HKHbios Score
i
1 Weight

Weight

Where HKHbios-Scorei is the HKHbios-score of taxon i and Weight i is the weight of taxon i.
Table 1 Class boundaries for individual ecoregions
Class boundaries
Lower
Upper
Himalayan

Eastern

Western

Gangetic

Gangetic

Subtropical

Himalayan

Himalayan

Plains

Plains

Pine Forests

Broadleaf Forest

Broadleaf Forest

Reference/good

≥5.5

≥7.5

≥6.8

≥7.7

≥7.5

Good/moderate

≥4.9

≥6.5

≥5.7

≥6.3

≥6

Moderate/poor

≥4.3

≥5.3

≥4.7

≥4.6

≥4.3

Poor/bad

≥3.3

≥4

≥3.4

≥2.3

≥2.6

(Source: Ofenböck et al., 2010)
2.7.Materials
D-Frame net was used for collecting macroinvertebrate sample along with buckets for washing
out of net and pre-processing for macroinvertebrates. Macroinvertebrates were preserved in 70%
ethanol in the sample bottles. Petri dish, watch glass, white tray and forceps were used to pick
and sort the macroinvertebrates. Five meter steel measurement tape was used to measure stream
width and depth, GPS for recording geographical coordinates. PCSTestr 35 Multi-Parameter for
recording of chemical parameters of water and digital camera for taking field photos. Data
sheets, pencils, and clipboard were used for recording sampling results. Relevant field guides
were used to aid in identification of macroinvertebrates.
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3. Physical report

3.1.Summer season data collection
3.1.1. Reconnaissance survey
Physical verification and familiarisation is an important part of any survey research. It
was carried out to obtain a fair knowledge of the area, including, tracks, routes and
identifying sampling stations.
3.1.2. Sampling station identification
As per the objective, sampling stations were identified at 100 meter interval above and
below the dam. A total of 12 sampling stations were identified and marked. The stations
were equally distributed along the river stretch above and below the dam. In each station,
four sampling habitats were further marked totalling up 48 microhabitats.

Figure 2: Location of sampling station marked in Google earth view
3.1.3. Sampling and data recording
Sampling was most challenging among all activities involved during the research work.
Data collection was carried out from all 12 stations for two seasons, the post monsoon
and the winter. Samples from all four habitat types were collected. Local guides and
staffs were involved during the data collection.
Besides macroinvertebrates, physiochemical parameters of the water were also carried
out and recorded and samples were collected to be tested in the laboratory.
Physiochemical parameters included the pH of water, TDS, salt content, water
temperature and physical environment.
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Figure 2&4: Dam site and sampling of macroinvertebrates

Figure 5&6: Sampling techniques in different habitat and sorting using D-Frame net
3.1.4. Specimen sorting, tagging and storing
Simultaneously, bigger and prominent macroinvertebrates were identified in the field
itself. The one that needed microscope for identification were then, collected, sorted well,
and then tagged for identification in the lap with the help of microscope.

Figure 7&8: Macroinvertebrates sorting and tagging for lab identification.
3.1.5. Specimen transportation and identification
Species were transported from the collection sites, Dagachhu to College of Natural
Resources for identification in the laboratory. The species identification was one the most
challenging task of the research work. It demanded patience, skills and knowledge of the
organism. There are no experts on macroinvertebrates in Bhutan, identification up to
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family level were possible. Various guides and checklist were used form Bhutan and
Hindu Kush Himalayan region to confirm the ID of the organism including the insistent
guidance from the guide teacher in the college.

Figure 9&10: Species identification in the field and laboratory
3.1.6. Data compilation
All information collected and laboratory results were then transferred to excel and SPSS
software for analysis, which was later presented in the form of results.
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4. Results and discussion
4.1.Macroinvertebrate diversity
The calculation of abundance, richness, Shannon diversity index (Hˊ) and Shannon evenness
(EH) was carried out at family level. A total of 1,620 macroinvertebrates belonging to 36 families
representing 10 orders were recorded from the study area (Table 4.1).
The highest diversity was recorded above the dam in winter (Hˊ = 2.85) followed by
below the dam in winter (Hˊ = 2.74), then above the dam in post monsoon (Hˊ = 2.65) and the
lowest was below the dam for post monsoon (Hˊ = 2.42) (Table 4.2). When the diversity index of
two seasons were combined to assess the annual differences, above the dam (Hˊ = 5.42) was
higher compare to below the dam (Hˊ = 4.39). The higher diversity above the dam could be
because of continuum flow of water, lesser change in flow regime and pollution, lower
disturbance and habitat destruction. There are no human disturbances above the dam because it is
strictly prohibited to enter the dam site for security reason. Similarly, occurrence of lower
diversity below the dam could be due to higher pollution, decreased pH value due to addition of
effluents, reduced flow and higher disturbance. There are also evidence of regular human
disturbance, fishing and numerous metallic and non metallic wastes left after dam construction.
The diversity of macroinvertebrates is also in conformity with what Flores and Zafaralla (2012)
have observed to be between one and six.
On a seasonal basis, diversity combined above and below the dam showed slightly higher
diversity in winter (Hˊ = 4.64) than in post monsoon (Hˊ = 4.91). Lower diversity in the post
monsoon season is mainly attributed to effect of heavy rainfall, increase runoff entering river
leading to higher turbidity and heavy erosion of river bed and bank due to increased volume and
velocity. The eroded bank and riparian zones leads to sedimentation and destruction of habitat
for aquatic organisms (Bowles and Arsuffi, 1993). Due to smoother flow and clean water enable
aquatic organisms to survive because the main food for aquatic organisms are decayed leaves
favouring higher population in winter season. Similar study was carried out by Kumar and Khan
(2013), in which they found that distribution and diversity of benthic macroinvertebrate fauna in
Pondicherry river showed lowest diversity in summer season comparing to other months of the
year.
In the current study area, the macroinvertebrate diversity was less than three at each site.
The lower stream order must have been the reason as macroinvertebrates diversity increases with
12

increase in stream order from the lower to mid order (Clarke et al., 2008, Flores and Zafaralla,
2012).
There were 31 families above the dam and 27 families below the dam. The family
distribution was more even above the dam (E H = 1.24) than below the dam (EH = 1.13). However,
relative abundance and richness were higher below the dam (Table 3). The even distribution
above the dam could be due to minimal human disturbances, better riparian forest condition and
undisturbed flow condition. At the same time higher relative abundance and richness below the
dam could be attributed to abnormal habitat condition altered by dam that favoured some species
while impeding others. This could be an indication that dams can cause differences in habitat
condition by means of changed physiological and physiochemical conditions below the dam.
Unlike the finding, Flores and Zafaralla (2012) found out that the upstream stations had higher
diversity as well as richness than lower lying stations of the same river.
Family Count

Family count (No.)

250

Above Dam
Below Dam

200
150
100
50

Athericidae
Baetidae
Brachycentridae
Chironomidae
Corydalidae
Ephemerellidae
Ephemeridae
Euphaeidae
Glossosomatidae
Gomphidae
Gyrinidae
Helicopsychidae
Heptageniidae
Hydrochidae
Hydrophilidae
Hydropsychidae
Isonychiidae
lepidostomatidae
Leptophlebiidae
limoniidae
Lympridae
Nemouridae
Neoephemeridae
Perlidae
Perlodidae
Philopotamidae
Polycentropodidae
Potamidae
Psychodidae
Psychomyiidae
Rhyacophilidae
Simuliidae
Siphlonuridae
Stenopsychidae
Tabanidae
Tubificidae

0

Macroinvertebrate family
Figure 11: Macroinvertebrate family compositions above and below dam
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Table 2: Macroinvertebrate diversity and count in the study area
Row Labels
Above Dam Diversity Below Dam Diversity
Count
Count
Athericidae
21
0.1149
Baetidae spp.
80
0.5218
85
0.3846
Brachycentridae
4
0.0644
1
0.0104
Chironomidae
14
0.1577
Corydalidae
15
0.1875
20
0.1410
Ephemerellidae
50
0.4447
60
0.3092
Ephemeridae
2
0.0376
Euphaeidae
2
0.0376
7
0.0508
Glossosomatidae
24
0.2716
231
0.5530
Gomphidae
12
0.1625
8
0.0788
Gyrinidae
10
0.1250
20
0.1508
Helicopsychidae
6
0.0450
Heptageniidae
138
0.7037
198
0.6399
Hydrochidae
4
0.0728
Hydrophilidae
3
0.0513
Hydropsychidae
24
0.2194
51
0.3102
Isonychiidae
1
0.0104
lepidostomatidae
1
0.0215
Leptophlebiidae
5
0.0390
limoniidae
19
0.2286
4
0.0326
Lympridae
2
0.0376
Nemouridae
48
0.3114
69
0.3045
Neoephemeridae
19
0.1916
Perlidae
31
0.3215
51
0.3098
Perlodidae
3
0.0516
2
0.0186
Philopotamidae
45
0.4225
61
0.3438
Polycentropodidae
3
0.0516
1
0.0104
Potamidae
1
0.0213
2
0.0267
Psychodidae
1
0.0104
Psychomyiidae
2
0.0376
Rhyacophilidae
2
0.0376
78
0.2612
Simuliidae
3
0.0513
Siphlonuridae
12
0.1681
13
0.0812
Stenopsychidae
37
0.3078
15
0.1181
Tabanidae
3
0.0589
1
0.0267
Tubificidae
2
0.0373
1
0.0104
Grand Total
615
5.4153
1013
4.3924
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Sum of
Count
21
165
5
14
35
110
2
9
255
20
30
6
336
4
3
75
1
1
5
23
2
117
19
82
5
106
4
3
1
2
80
3
25
52
4
3
1628

Sum of
Diversity
0.1149
0.9064
0.0748
0.1577
0.3285
0.7539
0.0376
0.0883
0.8247
0.2414
0.2758
0.0450
1.3436
0.0728
0.0513
0.5296
0.0104
0.0215
0.0390
0.2612
0.0376
0.6159
0.1916
0.6313
0.0702
0.7663
0.0620
0.0480
0.0104
0.0376
0.2988
0.0513
0.2493
0.4259
0.0856
0.0477
9.8078

Table 3: Summary of invertebrates in the study area
Location
Family Individual Diversity

RA

Richness

Evenness

Above Dam

31

615

5.42

3.23

90.94

1.24

Below Dam

26

1013

4.39

3.85

142.47

1.13

There were 31 families above the dam where else only 27 families were found below the dam.
The sum of individual count varied was more below the dam than above the dam (Fig. 11).
Species above the dam was more evenly distributed. Due to more even pattern of distribution
(1.24) of the organism, the diversity was slightly higher above the dam.

Condition above and below dam

150

142.47

130
Count (No.)

110

90.94

90

70

Above Dam

50

30

31.00
26.00

-10

5.42

1.24

10

1.13

Family

Richness

Evenness

4.39

Diversity

Below Dam

3.85
3.23

RA

Catagories of assessment

Figure 12: Macroinvertebrate condition in the study area
4.2.Macroinvertebrate assemblage
The sum of counts for winter and post monsoon showed the most abundant groups of
macroinvertebrates were Glossomatidae, Heptageniidae and Baetidae. Above the dam
Heptagennaidae and Baetidae were most abundant which comprised 35% of the total assessed
population. Below the dam, the most dominant group was Glossomatidae and Heptageniidae
which combined to form about 42.35% of the total assessed population. Among the abundant
texa, Glossomatidae was most extensive and rich in all types of habitats below the dam. It was
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found that the species are are not affected by change in flow of volume and velocity. Other factor
like warmer water and higher acidity must have created suitable environment for its population
escalation. A similar study was carried out by Nijboer (2004) to understand the habitat
requirement for Agapetus fuscipes curtis (Glossosomatidae) in the Netherlands found out that,
the species was a important indicator for natural conditions but they not affected by discharge
dynamics and are very susceptible to organic pollution. It was also found that the species cope up
well by maintaining very high population density and have ability to colonise the disturbed
habitat. So, in conformity with the finding, the discharge from dam is almost completely blocked
and a small stream joins at the right bank of the river that does not have much influence on the
volume of the river, reducing wetted riverbed and volume, the species was found abundant below
the dam.
Above the dam the Brachycentridae, Ephemeridae, Euphaeidae, Hydrochidae,
Hydrophilidae, lepidostomatidae, Lympridae, Perlodidae, Polycentropodidae, Potamidae,
Psychomyiidae, Rhyacophilidae, Simuliidae, Stenopsychidae, Tabanidae, Tubificidae combined
to form 12% of the total. Brachycentridae, Ephemeridae, Gomphidae, Isonychiidae,
Leptophlebiidae, limoniidae, polycentropodidae, Potamidae, Psychomyiidae, Tabanidae and
Tubificidae were relatively low (3.36%) below the dam. The counts for these families were
relatively low. Similar observation were also made by Sharma et al., (2005) in his case study in
Tianu river in Nepal that families like Baetide and chironomidae were abundant in the dam site
and families mentioned above were minimal. However, sedimentation was found maximum
above the dam that altered the habitat for some species.
In the whole study area the most diverse groups of macroinvertebrates were Trichoptera
(n = 11), Ephemeroptera (n = 10), Diptera (n = 8), followed by Plecoptera and Odonata (n = 4)
each and Annelida, Crustata and Megaloptera were relatively low with just one family each
(Fig.4.2). Trichoptera has the ability to adopt to varying habitat types and are found in most part
of the world and are an most widely used for water quality assessment along with may flies and
stoneflies (Pirvu and Pacioglu, 2012). Because of it adaptability nature to different environment,
it was also abundantly found in the dam site. The cold and fast flowing river could have added
value to the adaptability nature of the abundant species. Dorji, (2014) also encountered relatively
high abundance of Trichoptera at Toebirongchhu sub-watershed under Punakha Dzongkhag and
Hydropsychidae is widely distributed family in headwater streams of both natural and human
16

impacted streams varying taxa composition are also due to pollution sensitivity differences
among different families (Giri and Singh, 2013). Difference in population structure could be
because of generalist nature in habitat requirement of individual species of macroinvertebrates
(Al-Shami et al., 2011).
Family Types
2%

7%

24%

5%

Annelida

2%

Arthropoda
Coleoptera
Crustacea

18%

Diptera
Ephemeroptera

9%

Megaloptera

Odonata
Plecoptera

9%
2%

22%

Trichoptera

Figure 13: Proportions of family types under different orders
4.3.Comparative differences of macroinvertebrates above and below dam
Mann-Whitney U test was used to study the differences in the diversity, above and below dam in
summer and winter respectively and the annual differences above and below the dam.
There was no significant difference in diversity above and below the dam for post
monsoon (U = 3308, p = .244) (Table 4). However, there was significant difference (U = 4541, p
= .000) in the diversity of macroinvertebrates above and below the dam in winter (Table 4). The
diversity was higher for sites above the dam compared to below the dam. While comparing the
annual differences, taking both the seasons the macroinvertebrate diversity above the dam was
much higher than below the dam with significance value of (U = 16128, p = .000) (Table 4). It
was also found that the mean diversity was different for different locations and different time
period. The highest mean diversity was found for post monsoon above the dam and lowest below
the dam in winter (Fig.14). The studies of macroinvertebrates are minimal in Bhutan which is
confined to certain locations of the country, and no temporal or seasonal findings are available to
take the reference for deriving conclusion. But it was observed that after monsoon the
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macroinvertebrates population is relatively low, which could have been contributed by stressors
like heavy rainfall, riverbed eroding and increased volume and velocity. The low significance
level in summer above and below the dam indicate that both the site experience of heavy rainfall,
high temperature, higher discharge and volume unlike the ones in winter. In winter the discharge
from the dam is almost cut off and the river water volume is extremely low affecting many
microhabitats. Similar finding was also observed by Xiaocheng et al., (2008) that significant
impacts were made my regulating the flow of water in hydropower dams.

Figure 14: Mean diversity at different location and time
Table 5: Diversity difference test for above and below dam for different seasons

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

Post monsoon
3308.000
7494.000
-1.166
.244
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Winter Season
4541.000
13187.000
-4.787
.000

Annual (Post monsoon and
winter combined)
16128.000
40881.000
-4.048
.000

4.4.Biological index of water quality
Of the total 36 families of macroinvertebrates found in the study site, 31 families were found
above the dam and 27 families below the dam.
To assess the quality of flowing river above and below the dam, the guidelines and
protocol of HKHbios-Hindu Kush-Himalayan biotic score (Ofenböck, et al., 2010) was used to
determine the quality of water. Since the study site is within the subtropical broad leaf forest,
Eastern Himalayan Broadleaf Forest baseline was used to grade the quality of water. Although
comprehensive details were provided in the guidelines but biotic scores and weight for some of
the families were not enumerated which hinders the accuracy of the result. However, there were
no much differences in the biotic index between the sites with all site securing (Good/Moderate)
condition, water quality below the dam in winter was found to be better than the rest of the sites
with biotic score of 7.93 (Table 6). The better quality of water below the dam could probably
influence induced by a pristine stream joining right below the dam and the higher count of higher
rated families.
Table 6: Biotic score for study site
Location
HKH Biotic Index
Above Dam Post Monsoon
7.42
Below Dam Post Monsoon
7.61
Above Dam Winter
7.49
Below Dam Winter
7.93

EHBF
≤6.3
≤6.3
≤6.3
≥7.7

Condition
Good/moderate
Good/moderate
Good/moderate
Reference/good

4.5.Physical Parameter differences among the sites
The physiochemical parameters were taken to assess the quality of water. Potential of Hydrogen
(pH), Electrical Conductivity (EC), Total dissolve solids (TDS), Salt content of the water were
assessed (Table 5). These variables were tested for significant difference among sites and
seasons. Although there was differences in the normal reading but no significant difference (p =
.374) were observed (Table 5). Two important observations were made from the analysis. There
was increase in water temperature and decrease of pH value below the dam compare to sites
above the dam (Table 5, Figure 12). The mean water temperature for post monsoon below the
dam was 2.78ºC warmer than above the dam and in winter it was warmer by 2.75 ºC. The
increased temperature below the dam in both the season could be due to sharp fall in water
volume, high sun penetration and relatively low vegetation and crown cover below the dam. The
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sites along the river below the dam are mostly affected by tunnel construction, concrete walls
and non-degradable waste remains of the construction. Similarly, Lessard and Hayes (2003) also
found that there was an increase of mean temperature below the dam from 1ºC to 5 ºC that
contributed to change in macroinvertebrate composition below the dam. The damping influences
the habitat characteristics, water flow, water depth, substratum composition and changes in the
velocity. As a result there are changes in the abundance, diversity and community structure
(Mueller, et al., 2011). Even a minimal variation is supposed to alter the habitat of the
macroinvertebrates living below the dam that could alter the assemblage structure (Growns, et
al., 2009). So, the abundant occurrence of Glossosomatidae below the dam could be due to
favourable microhabitat condition created by increased water temperature and pH value.
The pH value of the water was found to be within the permissible range (6.5-8.5) of
drinking water (World Health Organisation [WHO], 1997; NEC, 2016) in most of the sites
except a plot right below the dam read 5.85. The water quality has slightly deteriorated below the
dam. The deterioration could be due to effluent from the dam site, reduced velocity, stagnation,
reduced depth and contamination. There was increased acidity from 2006 to 2017. The
environmental impact assessment for construction of dam in 2006 showed pH value of 6.7-6.9
which was then, found to have decreased pH 6.23-6.54) for post monsoon and (pH 6.31-6.87) in
winter in 2017. The pH value is found to be below the minimum standard for drinking purpose
(NEC, 2016). Similarly, water temperature was found to have increased from 18ºC in 2006 to
20.25ºC mean post monsoon temperature in 2017 (Bhutan Consultants and Research, 2006). It
was also observed that TDS values were also found to have changed over the time but currently
found to be within the maximum WHO recommended value of 500 mg/l for drinking water.
Table 7: Test result of seasonal variation physiochemical parameters
Season
Post Monsoon
Winter Season
Minimum Mean
Max
Minimum
Mean
Variables
19.10
20.25
21.88
11.35
12.64
Water Temperature
6.23
6.41
6.54
6.31
6.61
pH
25.40
30.64
38.13
51.25
55.29
EC
20.82
23.63
27.65
37.33
39.67
TDS
22.63
25.82
30.37
26.30
28.36
Salt
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Max
14.10
6.87
59.88
42.33
30.70

Table 8: Kruskal Wallis test among sites
Chi-Square
df
Asymp. Sig.

Water Temperature
pH
21.675
17.535
3
3
.000
.001

EC
21.619
3
.000

TDS
21.376
3
.000

Salt
19.792
3
.000

Figure 15: Mean temperature and pH difference for different seasons above and below the dam
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5. Conclusion and Recommendation
There were significant differences of macroinvertebrate diversity above and below the dam of
Dagachhu hydropower dam for both post monsoon and winter season. However, there was no
significant difference between above and below dam in post monsoon. In winter, there was a
significant difference above the dam and below the dam. In all the cases, the diversity of
macroinvertebrates was higher above the dam than below the dam. Overall health of the river
was found to be moderate to good condition based on the biotic score using the HKHbios scoring
system. Based on biotic score, below the dam in winter had the highest score, however others
sites were found to be in the moderate to good class.
The occurrence of higher diversity above the dam could be due to due to lack of
anthropogenic disturbances and relatively undisturbed habitats above the damping area. The
lower diversity below the dam could be due to substantial reduction of water flow from the dam
whereby rendering the river beds almost dry in both the seasons. There were also significant
differences in the physiochemical condition of river above and below the dam. There was
apparently increased temperature and pH below the dam rendering change in habitat and
population structure of macroinvertebrate. The perennial stream that joined from the right bank
of the river below the dam substantiates the need for continuous flow of water that adds to
normalise the acidic effluents from the dam site.
The runoff of the river dam had substantial decrease in the minimum environmental flow
from the reservoir dam. The decreased environmental flow has reduced the flow velocity,
volume and depth contributing to increase warming of the water below the dam altering the
habitat type and community structure. The requirements of minimum environmental flow need to
be carefully studied to meet the necessities of habitats for aquatic biodiversity to thrive. The
quantity, quality and timing of the environmental flow for dams, which considers mostly fish
requirements should emphasize equally on requirements of macroinvertebrate, which is an
integral part of aquatic ecosystem for sustaining freshwater.
It is important to monitor the river health for the survival of the river fauna and proper
functioning of the river ecosystem. The benthic macroinvertebrate being the basis of food chain
and an important indicator of stream health needs an equal emphasis for habitat conservation.
22

Hydropower companies have neglected macroinvertebrates in the process of environmental
impact assessment which would have helped study the impacts otherwise in the long run. It is
necessary to carryout detailed assessments of aquatic fauna starting from fish and
macroinvertebrate to meiofauna at the time of EIA for every hydropower projects in Bhutan.
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6. Financial Report
6.1. Over all expenditure
The expenses included, Daily Allowance for the research assistants and local guide,
Transportation cost, cost of materials, laboratory analysis cost and thesis printing. The costs
incurred were genuine and according to financial rules of Royal Government of Bhutan.
Sl.
No.
1
2
3
4

Particular
Laboratory analysis cost
Transportation
DSA for reconnaissance survey
DSA for field assessment collection for summer and winter
DSA for field assessment collection for summer and winter
Total Amount

Amount
Nu. 2000
Nu. 7350
Nu. 6860
Nu. 9430
Nu. 9430
Nu. 35,070.00

*Laboratory analysis: the physical parameters like, pH, TDS, Salt including the chemical for
storing the specimen and then identification.
*Transportation cost: the transportation was just for specimen transportation and local movement
of staffs during the data collection time. A local car was hired and paid at the existing rate of
Nu.35 per kilometre.
*reconnaissance survey was necessary because it was a preparatory assessment of the site
condition, the track identification and sampling sites marking. The field trip was led by local
guides. They were also involved in clearing the thick summer bushes along the river banks and
climbing the hard rocky rivers side cliffs.
*Field Assessment: Field data collections were labour intensive. Had to deploy experienced field
staffs who had some knowledge of freshwater and macroinvertebrates. Assessments were done
for two seasons, September for post monsoon season and January for winter season. The field
staffs had to be provided with daily subsistence allowance (DSA) for the field assistants.
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