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ABSTRACT 
The wetlands of the Lower Subansiri Basin of Assam, India have been reported to be deteriorating 
due to ever increasing exploitation of resources available in the wetlands and human intervention in 
their natural functioning.  Hence the wetlands were extensively studied with a holistic approach using 
benthic macroinvertebrates as bioindicators which gives a tangible distinct picture to monitor the 
health of aquatic ecosystem.  Aquatic macroinvertebrate diversity in the wetlands of the Lower 
Subansiri Basin was monitored in four selected wetlands belonging to four different types of 
wetlands namely : Oxbow, Lake/Pond, Waterlogged and Riverine. The macroinvertebrates are very 
sensitive to changes in several abiotic parameters of the aquatic habitats and are also regarded as one 
of the indicators of the health of a wetland. The study was done for three seasons viz : Premonsoon, 
Monsoon and Postmonsoon in the year 2013. A total of 150-200 individuals were collected from each 
of the wetlands in both the seasons. 21 families of aquatic insects were observed in the wetlands, of 
which all the families that comes under order Hemiptera were found to be the dominant group. The 
population density of the aquatic insects was observed with similar distribution all throughout the 
season, however monsoon seems to have been integrated with most of the sensitive or pollution 
intolerant aquatic insects as compared to the other seasons. Most of the sensitive macroinevertebrates 
were observed in the waterlogged category indicating the wetland as healthier than the rest of the 
categories. Shannon Weiner Diversity Index of macroinvertebrates ranged from 1.99 to 2.45 showing 
a substantial diversity and distribution of macroinvertebrates in the wetlands. 

Key Words : Lower Subansiri Basin, Wetlands, Macroinvertebrates population, Shannon 
Weiner Diversity Index and Evenness 

 
INTRODUCTION 

Wetlands are unique habitats which sustain 
substantial biodiversity. A large number of 
animal and plant species are restricted to only 
wetlands, the survival of these floras and 
fauna totally depends on the existence of these 
habitats. Urbanisation has led to the ecological 
degradation of streams worldwide.1 The 
freshwater bodies harbours organisms that 
generate oxygen in the surrounding 
environment which is utilized by members of 
all trophic levels and these aquatic assets also 
provide habitats to a large number of diverse 
aquatic organisms.2 One such aquatic fauna is 
macroinvertebrates which may be small and  

 

spineless, but when it comes to the cycling of 
wetland nutrients there’s nary a niche.3 Most 
macroinvertebrates are too small to noticeably 
stir the water’s surface, but are large enough 
to see with the naked eye. They include small 
worms, molluscs, leeches, crustaceans insects 
and insect larvae. Besides playing a star       
role in many important wetland functions, 
macroinvertebrates are sometimes employed as 
a tool for characterizing aquatic habitats and 
learning about aquatic habitat water quality.  
Wetlands are one of the most biologically 
productive natural ecosystems in the world. 
Wetlands are defined as ‘Land where an 
excess of water is the dominant factor 
determining the nature of soil development *Author for correspondence 
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and the types of animals and plant 
communities living at the soil surface. It spans 
a continuum of environments where terrestrial 
and aquatic systems intergrades’.4 Wetland 
habitat is being lost because of the constant 
spread of villages and industry. Many 
wetlands suffer intensive uncontrolled fishing 
and this must reduce food supply for aquatic 
species. Wetlands provide tangible and 
intangible benefits on sustainable basis to the 
rural society dwelling around the wetlands. 
Hydrological, biogeochemical, socioeconomic 
and ecological functions of wetlands include 
water retention, flood control, water 
purification and provision of fisheries and 
forestry resources.  
The Lower Subansiri basin of Assam, India 
covers an area of 10929 sq.km. The region 
belongs to monsoon dominated climate having 
average annual rainfall of 426 cm. Quite a 
good number of wetlands belonging to 
different categories, such as oxbow, 
waterlogged, lake/pond and riverine are 
distributed in the basin, mostly in the Assam 
part of the basin. It has been reported that the 
health of the wetlands are deteriorating due to 
ever increasing exploitation and human 
intervention. There- fore, macroinvertebrate as 
a bioindicator was studied in four different 
categories of wetlands of the basin with an 
aim to assess the ecological status and health 
of the wetlands and to create a database of the 
macroinvertebrate population. 

METHODOLOGY 
The wetlands of the basin of Assam, India 
were delineated and mapped based on IRS P4 
LISS III satellite imageries using Arc GIS 
Desktop 9.3. One representative wetland from 

each of the four categories  of wetlands :  
oxbow,  waterlogged area,  lake/pond   and   
riverine  with   different significance and 
habitats were selected for the study. The 
selected wetlands are Bordoibam Beelmukh 
Wetland (Riverine), Bukrong Wetland 
(Oxbow), Borbeel Wetland (Lake/Pond) and 
Kilakili Wetland (Waterlogged). Some basic 
information regarding the selected wetlands is 
presented in Table 1. The flora and fauna of 
the wetlands are extremely diverse. However, 
they vary in order of their morphology, 
dependency rate and density of aquatic flora 
and fauna.  
Lower Subansiri basin covers an area of 
10929.0549 sq.km, out of which 4227.64 
sq.km (38%) belongs to Assam part of the 
basin. This region is mostly covered by 
Lakhimpur, Dhemaji, districts of Assam and 
some part of Arunachal Pradesh. Lower 
Subansiri basin is a composite of two sub 
basins Ranganadi and Dikrong sub basin.5 The 
population of the study area is estimated to be 
approx. 35 lakhs. The topography of the basin 
consists of plain and mountainous terrain, 
where the hill ranges varies approximately 
from 1000 to 1600 metres above sea level. 
Nature has gifted within the basin in the form 
of wetlands, forests, hills and magnificent 
plateau.6,7 The region belongs to monsoon 
dominated climate having average annual 
rainfall of 426 cm. The climatic condition of 
the basin is cool and humid and is more 
endurable than the upper valley of basin. The 
period from May to September is the rainiest 
and 70% of the total precipitation is confined 
to this period.  
The wetlands selected for the study are  
1. Bordoibam Beelmukh Wetland (Riverine), 
2. Bukrong Wetland (Oxbow),  
3. Borbeel Wetland (Lake/Pond) and  
4. Kilakili Wetland (Waterlogged) 

Table 1 : Basic information of the selected wetlands 

S/N Name of the wetland Area coverage (sq. km) Category 

1 Bordoibam Beelmukh 3.90 Riverine 
2 Kilakili 0.14 Waterlogged 
3 Bukrong 0.20 Oxbow 
4 Borbeel 0.15 Lake/Pond 
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The Oxbow, Waterlogged and Lake/Pond fall 
in the Lakhimpur districts whereas The 
Riverine Wetland shares two districts viz : 
Lakhimpur and Dhemaji. The wetlands were 
said to be formed in the 1950’s and 1960’s. 
Out of 3.9 sq. km of the Bordoibam Beelmukh 
wetland, an area of 3.2 sq. kms of the wetland 
has been declared as bird sanctuary. The 
Bordoibam Beelmukh wetland is a Bird 
Sanctuary, declared in the year 1996 vide 
Govt. notification no. Pre. FRW-15/96/3-A on 
3rd of July.8 Inspite of being a bird sanctuary 
the locals still bother to use it for their 
domestic needs, however very lean step has 
been taken by the government for its 
conservation and management. The other three 
wetlands are disturbed as they meet all the 
basic needs of the locals inhabiting around the 
wetlands like washing, bathing, collecting 
livestock resources, fishing etc. The Bukrong 
and the Kilakili wetlands have been 
commercialized and different types of fishing  

gears have been used by the lease leaders and 
the local fisherman group. The lease leaders 
try to maximize their income by catching the 
entire amount of fish within their lease period 
coupled with exploitation of the habitats along 
with the other aquatic flora and fauna. In this 
way the wetlands have been seen and reported 
to be deteriorating with the passing of days 
either commercially or with the activities of 
the local villagers.  
Data collection 
Eighteen representative sampling points were 
identified keeping in view of the variation in 
the microhabitat and hydrological features of 
the wetlands and have been presented in      
Fig. 1. Monitoring of the macroinvertebrates 
was conducted for three Sampling phase viz : 
Pre-Monsoon (March-May), Monsoon (June-
August) and Post-Monsoon (November-
January). Regular monthly monitoring was 
carried out in all the wetlands to have a 
comparison of the species found in the 
wetlands. 

 
 

 

 
 

 

 

 

 

 

 

Fig. 1 : Map showing the wetlands selected for the study and the sampling points 

The macroinvertebrates were sampled and 
analyzed following the procedure 
recommended by Subramanian and Shivarama 
krishnan9 consisting of four main steps : 
sieving, sorting, preservation in 4% formalin, 
and identification. At the first stage they were 
sampled with a dip net mesh of size 500 µm 
and by hand picking from the macrophytes. 
Regular monthly samplings were conducted 

for the said seasons at each sampling sites 
throughout the study period. The samples were 
preserved immediately in 4% formalin until 
identified to the genus (or species when 
possible). The macroinvertebrates were 
indentified to the family level with the help of 
various keys provided by Subramanian and 
Shivaramakrishnan9 and Water Bug Detective 
Guide.10 
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Shannon Weiner Diversity Index was 
calculated to access the diversity and 
abundance of species distributed in the 
wetlands. 
shannon Weiner Diversity index,  
H = ∑ (i=1) - (Pi * ln Pi) 
Where, H = the shannon diversity index 
Pi = fraction of the entire population made up 
of species i 
S = numbers of species encountered 

RESULTS AND DISCUSSION 
The present study was carried out through 
personal field work, preservation and 
identification to the family level of the aquatic 
insects. It was a pilot study to create a database  

of the different types of macroinvertebrates 
found in the wetlands and also a comparison 
among the wetlands using it as an assessment 
tool for indicating the health of the wetlands. 
Macroinvertebrate population 
The macroinvertebrates are very sensitive to 
changes in several abiotic parameters of the 
aquatic habitats. A total of 150-200 individuals 
were collected from each of the wetlands. The 
macroinvertebrates distributions of different 
wetlands are presented in the following tables. 
A total of 21 families of macroinvertebrates 
were encountered in the wetlands of the Basin. 
The macroinvertebrates distribution of the 
wetlands throughout the study period was 
presented in Table 2. 

Table 2 : Macroinvertebrates population distribution in different wetlands during 
premonsoon, monsoon and post monsoon seasons 
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Pollution 
intolerant 

Hydropsychidae - - - - - - - - - - 5 - 
Ephemeridae 3 4 - - - - - - - 3 4 - 
Baetiscidae - - - - - - - - - 3 4 - 
Caenidae 2 - - - - - - - - 1 3 - 

Somewhat 
tolerant 

Gomphidae - - - - - - - - - 5 18 9 
Aeshnidae 9 11 11 10 8 9 7 9 10 7 22 9 
Libelluloidae 6 6 7 7 4 6 7 4 10 9 10 5 
Lestidae - - - - - - - - - 5 11 6 
Elmidae 1 12 2 8 10 5 - - - - - 6 
Gyrinidae 10 14 13 - 12 7 10 12 7 7 22 8 
Dytiscidae 6 - 8 - - - 7 8 7 - - - 
Penaeidae - 4 2 10 6 - 7 6 - 10 16 3 
Pyralidae - 2 - - - - - - - - - - 
Pisauridae - - - - - - 8 - - - - - 

Very  
tolerant 

Potamonidae 7 5 5 - - - - - 2 - - - 
Lymnaeidae 9 30 16 12 9 14 7 12 11 7 28 16 
Hirudinidae 3 3 6 3 5 5 2 6 5 - 12 - 
Belastomatidae 24 20 22 18 14 22 14 16 20 24 22 14 
Nepidae 28 59 32 23 26 21 18 23 18 19 24 25 
Gerridae - - 7 - - 6 - - 5 13 26 14 
Oligochaetes 3 - 3 - - - 2 - 2 2 - - 
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The order Hemiptera was found to be 
dominated in all the wetlands. Most of the 
sensitive macroinevertebrates were observed 
in the waterlogged category signifying a good 
reputation of water and soil quality. The 
sensitive aquatic insects demand a free 
flowing pristine water body and they are seen 
to be less in stagnant lake/pond. The 
population density of the aquatic insects was 
found much denser in the Monsoon, along 
with observance of remarkable number of 
some sensitive species. However the rest of 
the three seasons showed a slight drop in the 
density of population, along with the 
disappearance of some of the sensitive aquatic 
insects finding it ill suited habitat to survive. 
Significant diversification of macro- 
invertebrates was observed in the Kilakili 
wetland that belongs to waterlogged category 
and most of the pollution intolerant insects 
order like Ephemeroptera, Trichoptera etc. 
were observed only in this wetland. The 
pollution intolerant macroinvertebrates like 
mayflies, caddisflies prefer pristine free 
flowing water body and like to cuddle around 
in the sandy bottom of the water. The ratio and 
number of these macroinvertebrates change 
with the stream food resources and human 
impacts and therefore can be used as a tool for 
assessing the ecological status of the biotic 
community and water quality. The presence of  

those sensitive species indicates a better 
healthy wetland reflecting the waterlogged 
category to be a better habitat. Odonata like 
Aeshnidae, Libelluloidae, Lestidae nymphs 
prefer stagnant water to lay their eggs on the 
leaves or for resting. The presence of these 
insects reveals that the wetlands have 
mesmerising floating or emergent aquatic 
plants with significant productivity. 
Productivity is measured by the energy 
accumulated by the plants during fixation of 
sunlight. 
The percentage distribution of macro- 
invertebrates in all the wetlands was presented 
in Fig. 2. The figure indicated that Bordoibam 
Beelmukh wetland that falls in the Riverine 
category has been seen with significant 
numbers of macroinvertebrate with 23% of the 
total population and it has managed to attract 
some sensitive species as well indicating a 
better wetland to some extent. The wetland 
with minimum presence of macroinvertebrates 
was recorded in the Oxbow with 17%. The 
wetland is integrated with clay particles leads 
to reduction in the transparency. Least 
contribution of macroinvertebrates population 
in this wetland may probably due to the large 
loads of clay particles leading disturbance in 
the littoral zone of the wetland. Lake/Pond 
was represented with 21% of the total 
population. It is a stagnant wetland, basically 
used   by   the  locals   for  fishing   and  other  

 
Fig.  2 : Pie diagram showing the percentage of  macroinvertebrates distribution in the wetlands 
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domestic usage. As the wetland is stagnant, the 
aquatic plants and other hydrophytes remain 
decomposed in the wetlands leading to rich 
organic matter. Moreover the bacteria use up 
the available oxygen for decomposition and 
production of humus, that lowers the amount 
of oxygen. Low content of DO is a sign of 
organic pollution, is also due to inorganic 
reductants like ammonia, nitrates and other 
such oxidisable substances. All these factors 
extensively shape up as an unsuitable habitat 
for the sensitive aquatic insects. Maximum 
contribution to total macroinvertebrates was 
made in the waterlogged with 25%, as the 
wetland is a free flowing water body with less 
floating hydrophytes and blended with sandy-
silty soil where sensitive species love to cuddle 
around and reside. So the wetland can be stated 
to be healthier than the other wetlands. The 
percentage of aquatic insects which were 
common in all the wetlands was assigned with 
14%. Most of the contribution was made by 
the families of Aeshnidae, Libelluloidae, 

Lymnaeidae, Belastometidae and Nepidae. 
They belong to the ‘somewhat tolerant’ and 
‘very tolerant’ group. 
Shannon Weiner Diversity Index of 
macroinvertebrates ranged from 1.94 to 2.37      
Table 3 and that indicates a good diversity of 
macroinvertebrates in the wetlands. The 
tabulated value and the graphical presentation 
(Fig. 3) of the Shannon Weiner Diversity 
Index showed that oxbow had faced the least 
Diversity of Index with 1.94 in the month of 
Monsoon, with riverine narrowly defeating the 
later with 2.01. However waterlogged category 
has the maximum diversity index value of 2.37 
in the premonsoon with the wetland 
maintaining a uniform pattern of diver- 
sifictaion all throughout the season. However, 
the diversity index showed minimum in the 
monsoon, though the number of individuals 
observed was highest. The range above 2 is 
considered to be a habitat of good diversity and 
almost all the wetlands seem to have tried to 
maintain  the  minimum  range.  

Table 3 : Variation of Diversity Index in the different wetlands 

Shannon Weiner Diversity Index 
Wetlands Pre-Monsoon Monsoon Post-Monsoon 
Riverine 2.2002 2.019 2.119 
Oxbow 1.9421 2.0414 2.105 
Lake/Pond 2.2462 2.0703 2.2008 
Waterlogged 2.3702 2.2851 2.2429 

 

Fig. 3 : Comparative graphical representation of Diversity Indices 
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Wilhm and Dorris  set diversity index < 1 for 
highly polluted, 1-3 for moderately polluted 

and > 4 for unpolluted water bodies.11 
However  all  the  wetlands  claim  to  pertain 

within 1-3, so it can be concluded that the 
water is moderately polluted. The Diversity 
Evenness presented in Fig. 4 was observed 
showing a homogeneous distribution 

throughout the season. The competition of 
existence in the wetlands among the aquatic 
species was found coinciding in all the 
seasons. 

 
Fig. 4 : Variation of Diversity Index and Eveness in the wetlands 

Statistical analysis and interpretation 
A correlation coefficient technique was applied 
to find the relationship among the macro- 
invertebrates. The correlation was analysed 
among the order level of the taxonomic 
classification of the aquatic insects. However, 
the statistical correlation relationships were 
analysed among some of the mostly abundant 
macroinvertebrates and presented in Table 4 . 
The simple correlation coefficient (r) is a 
measure of the degree of linear association 

between any two parameters. For the current 
dataset, the correlation matrix was derived 
using statistical software. The analysis shows 
that the dominant group Hemiptera has a 
strong positive correlation with Decapoda and 
a negative correlation with the Coleptera. It has 
also been observed that Hemiptera has a 
positive moderate correlation with Gastropoda 
and Hirudinea. However Gastropoda and 
Hirudinea has a negative correlation with 
Odonata and Coleptera.12-15 

Table  4 : Correlation Matrix (Water Quality Parameters and Density of macroinvertebrats)  

Correlation Odonata Coleptera Decapoda Gastropoda Hirudinea Hemiptera 

Odonata 1 - - - - - 

Coleptera 0.221 1 - - - - 

Decapoda 0.359 -0.435 1 - - - 
Gastropoda -0.291 0.451 0.23 1 - - 

Hirudinea -0.692 -0.278 0.365 0.7 1 - 
Hemiptera 0.308 -0.385 0.994 0.325 0.435 1 
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CONCLUSION 
The factors like the dense growth of floating 
water weeds like Eichornia Pistia, Lemna and 
other organisms characterised these study sites. 
Using   of   different  fishing  gears  should  be 
minimised   for  a  better   undisturbed  habitat 
for   the   aquatic  species.  Although   Riverine  
Wetland has been declared as a bird sanctuary, 
birds have been seen to be decreasing in the 
recent times. The wetland has been banned 
from  taking  on  lease, however the wetland is 
Still  being  used  for  other domestic purposes 
still being used for other domestic purposes 
and fishing. Due to all these factors the total 
fish production in the beels are declining in 
recent years which have resulted in loss of 
various direct and indirect loss to the 
livelihoods of the villagers. In Lake/Pond 
wetland, the dependency rate is very high. The 
wetland is being used by the nearby villagers 
apart from the locals. The wetland is the sole 
source of income for the local fisherman 
group. The functional role of wetlands itself in 
improving water quality has been a compelling 
argument for the preservation of natural 
wetlands. Generally aquatic species prefer an 
undisturbed habitat and an ecosystem. 
Cleaning up of dead and decomposed aquatic 
weeds can be an initiative for proper 
management and restoration of the wetlands. 
However improving management will also 
require a better understanding of linkages 
between biota and temporal variability of flow 
and in stream habitat. 
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