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ABSTRACT 
 

A relationship encompassed with Water Quality Index (WQI) of National Sanitation foundation, USA and macroinvertebrate based Biotic 

Indexes has been proposed to assess water quality of four different types of wetlands of Lower Subansiri Basin viz: Riverine, Oxbow, 

Lake/Pond and Waterlogged. Water Quality Index gives a single index number that makes it more apprehensive to understand the water 

quality based on a rating chart. Also different Biotic Indexes has been analyzed and calibrated against NSF Water Quality Index. The 

scores of the Indexes are based on the data gathered from the four different wetlands, and chosen in such a manner considering their 

hydrlological characteristics. The Biotic Index studied were EPT (percent of Ephemeroptera, Plecoptera and Trichoptera), 

2) BMWP (Biological Monitoring Work Party System), 3) BMWP-ASPT (Average Score per Taxon), and 4) HFBI (Hilsenhoff Family Biotic 

Index). BMWP and ASPT of the study showed the score ranged from Very good to Moderate and Good to Doubtful respectively. However 

HFBI showed the score from Fairly Poor to Fair. EPT Index of the study did the poorest job, with the score ranging from Fair to Poor. As 

per EPT, only the waterlogged category manages to fall in the Fair category. EPT Index shows uneven distribution of pollution sensitive 

and pollution tolerant organisms in the wetlands. NSF water quality index showed significant correlation with the Biotic Indexes with r 2 

value above ‘6.00’ except for EPT with r2 = 0.504 . The wetlands are perennial with maximum disturbances all throughout the season, as 

the wetlands are economically and commercially attached with the locals. 
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Introduction 

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 (Boruah, 2000). The region is blessed with myriads of 

swampy lakes and wetlands belonging to different categories 

such as-Oxbow, Waterlogged, Lake/Pond, Riverine and High 

Altitude Wetland are distributed in the basin, mostly in the Assam 

part. Wetlands, locally called beels in Assam are the life savior 

for a huge number of people inhabiting around the wetlands. 

Fishing is the main economic activity, along with other activities 

like collecting livestock resources, domestic usage etc. 

Commercialization of the wetlands, inspite of being a valuable 

resource to the rural dwellers has become a matter of concern. 

The locals inhabiting around the wetlands try to get the maximum 

income from the wetlands deteriorating the wetlands as a whole 

in an unsustainable way. However the valuable functions 

contributed by the wetlands cannot be left unspoken. 

 

Wetlands are now recognized as important features in a 

landscape that provide numerous beneficial services for people 

and for fish and wildlife. The ability of wetlands to perform 

various functions such as - recycling of nutrients, purification of 

water, attenuation of floods by storing floodwater, maintenance 

of stream flow, recharging of ground water, etc. make them one 

of the important ecosystem in a landscape. Wetlands are habitats 

for fish, aquatic flora and faunal species and wildlife. However 

the prime focus aquatic invertebrates are considered playing a 

major role in proper functioning of the wetlands. 

Macroinvertebrates may be small and spineless, but when it 

comes to the cycling of wetland nutrients there’s nary a niche. 

Different macroinvertebrate taxa have different habitat 

preferences and various levels of pollution tolerance. 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. So the present study intends to find out the 

relationship among water quality index and the biotic Indexes, 

also which biotic Indexes share the maximum compatibility with 

Water Quality Index and best reflect the water quality. 

 

Methodology 

The wetlands studied were selected on sample basis, taking one 

representative wetland from each of the categories prevailing in 

the Assam part of the Lower Subansiri Basin. Some basic 

information of the selected wetlands is presented in Table I. The 

wetlands are blessed and rich in different species of aquatic flora 

and fauna and also migratory and residential bird’s species. 

However, they vary in order of their morphology and dependency 

rate.  
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Figure 1. Map shpowing the study area. 

 

 

Table 1. Basic information of the selected wetlands. 

S. No. Name of the Wetland 
Area Coverage  

(Sq. km) 
Category 

1 BordoibamBeelmukh 3.90 Riverine 

2 Kilakili 0.14 Waterlogged 

3 Bukrong 0.20 Oxbow 

4 Borbeel 0.15 Lake/Pond 

 

Data Collection 

The sampling was done for four seasons viz: Premonsoon, 

Monsoon, Autumn and Post-Monsoon. Eighteen sampling points 

were selected from the four wetlands and continued for the said 

four seasons considering the variation in the macro habitat and 

hydrological settings. However the average of all the seasons 

were considered and compiled for the present study. 

Water samples were collected from each of the sampling stations 

and the composite samples for each location were analysed in the 

laboratory. Temperature and pH were determined on the spot and 

the rest of the physicochemical parameters were undertaken 

following the methods outlined in Trivedi and Goel, 1986 and 

APHA, 1995. The bacteriological parameters for the water 

samples were analysed in the laboratory within 24 hours from the 

sampling time. After collection, the samples were immediately 

transported to the laboratory and store in the refrigerator at 4°C 

prior to analysis 

 

The macro-invertebrates were sampled and analyzed following 

the procedure recommended by Subramanian and 

Shivaramakrishnan 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 samplings 

were conducted for four 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 macro-invertebrates were indentified 

to the lowest taxonomic level with the help of various keys 

provided by Subramanian and Shivaramakrishnan, 2007 and 

Water Bug Detective Guide, 2009. 

 

 

Data Analysis 

Water Quality Index (WQI) 

WQI provides a single number that expresses overall water 

quality at a certain location and time based on several water 

quality parameters. The objective behind water quality index is to 

turn complex physico-chemical data into information that is 

understandable and usable by public (K. Yogendra and E.T Puttiah, 

B-30). 

 

The WQI was assessed using National Sanitation Foundation 

method (NSF) of USA. The NSF water quality index was developed 

by the National Sanitation Foundation (NSF) in 1970. An equation 

of NSF water quality index was found by using weighted factor of 

individual parameter and sub- index of each water quality 

parameter based on their respective testing values which can be 

found by water quality index calculator or water quality index 

curve of respective parameters. The water quality index of 

individual parameter was calculated from water quality index 

calculator used by Environmental Engineering and Earth Sciences, 

Center of Environmental Quality, Wilkes University (Behmanesh et 

al., 2013).Water quality index is a 100 point scale that 

summarizes results from a total of nine important parameters 

when complete. The parameters are pH, Change in temp, DO, 

BOD, Turbidity, Phosphate, Nitrate, TDS, Fecal Coliforms were 

considered for WQI. A relative weight for each parameters has 

been assigned and scale the total so that the range remains 0 to 

100. 

 

BMWP and BMWP-ASPT 

The BMWP’ index, which was historically based on the 

“Saprobiensystem” (Gonçalves et. al 2011), was developed in 

England in the 1970s. It is a scale from 1 to 10 along which the 

sensitivity of various insect and other macroinvertebrate families 

are scored, with the highest scores assigned to species, most 

sensitive to organic pollution. This index was modified for rivers in 

Brazil’s Paraná state by Loyola (2000), and has been used by the 

Paraná Environmental Institute (Instituto Ambiental do 

Paraná, IAP) for biological monitoring of hydrological systems 

there. The BMWP’-ASPT index is an adapted version of the 

BMWP’ index. It is calculated as the ratio of the score obtained in 

the BMWP index to the number of families scored in the sample 

(i.e., it provides a mean value per family recorded). 

 

Hilsenhoff’s Biotic Index 

The HFBI index scores organisms based on the saprobiotic system, 

in a fashion inverse to that of the BMWP. The highest scores 

being assigned to species, most tolerant to pollution. Scores are 

calculated as follows:  

 

HFBI = ΣnVT/N,  

where, 

 VT is the tolerance value of each family,  

n = the number of individuals in each family, 

and 

N = the total number of individuals. 
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EPT Index 

The EPT index is calculated based on the relative abundances in 

the sample of the orders Ephemeroptera, Plecoptera and 

Trichoptera, in comparison to the total number of individuals in 

the sample. It is the total number of distinct taxa within the 

groups - Trichoptera, Ephemeroptera, and Plecoptera (Watershed 

Science Institute, Watershed Condition Series). The higher the 

relative abundance of those taxa in the sample represent the 

higher water quality at the site. This index relies on the fact that 

the majority of organisms in these three orders are sensitive to 

organic pollution (Gonçalves et. al 2011). The Watershed Science 

Institute has given an EPT index ranges and their corresponding 

water quality ratings as – excellent (>27), good (21 - 27), Good-

Fair (14 - 20), Fair (7 - 13) and poor (0 - 6). 

 

Results and Discussions 

The study was carried out for four seasons viz: Premonsoon, 

Monsoon, Autumn and Postmonsoon. The average of all the 

seasons was compiled and the Indexes were calculated. The 

community composition and the pollution level at each location 

were evaluated through the application of the above-mentioned 

five indexes and the descriptive summary of various biotic index 

score level is presented in Table II and IV. The results were 

compared with those derived from NSF Water Quality Index, 

BMWP, ASPT, HFBI and EPT index. These index levels provide the 

quality of the water at that particular place due to various 

activities over a period of time. The tested results also reveal that 

most of the physicochemical variables also seem to have direct 

impact on the assemblages of the aquatic insects during the study 

 

Water Quality Index 

Water quality parameters of the wetlands were analysed in the 

laboratory and the results were estimated. Considering nine most 

important parameters with an assigned weighted factor for each 

of the parameters, Water Quality Index was established. The 

index gave a single informative number to each of the wetlands 

and based on the rating chart of WQI, the water quality of the 

wetlands were categorized. 

 

Table 2. Summary of NSF water quality index score. 

Wetlands WQI Index 

Riverine 60.29 Moderate 

Oxbow 56.73 Moderate 

Lake/Pond 55.9 Moderate 

Waterlogged 66.77 Moderate 

 

Based on NSF criterion, the average water quality index of the 

wetlands was divided into two categories. All the wetlands, 

Riverine, Oxbow, Lake/Pond and Waterlogged type are included in 

the Moderate category in the range of (55.9 – 66.77), however 

Waterlogged category bagged the highest Index score. Lake/Pond 

has the lowest score with 55.9 and Oxbow has much closer value 

to Lake/Pond with 56.5.The Lake/Pond is a stagnant water body, 

with very minimum flow. In both the categories Dissolved Oxygen 

level has a slight alarming value with 4.75mg/l and 4.85 mg/l 

respectively, however DO level above 5 mg/L being considered as 

the ideal place for aquatic lives. Biochemical Oxygen Demand was 

also observed above the permissible limit fixed for Class D Fishery 

indicating high organic load. As DO has the highest weighted 

factor, it plays a major role in assigning the overall index value 

and classifying the water quality. The average of core nine water 

quality parameters and their calculated values are presented in 

Table 3. 

 

Table 3. Water Quality parameters of four different types of 

wetlands. 

Parameters 

Bordoibam 

Beelmukh Bukrong Borbeel Kilakili 

pH 6.755 6.8125 6.60375 6.87375 

Temperature (°C) 19.89025 19.0975 21.0275 20.085 

Turbidity(NTU) 7.21075 8.2925 6.675 6.3375 

DO(mg/litre) 5.9 4.85 4.75 6.6 

BOD(mg/litre) 5.5025 8.8 11.905 2.935 

TDS(mg/litre) 168.6808 164.395 155.75 166.1875 

Phosphate  

(PO4
3-)(mg/litre) 0.067475 0.08925 0.429 0.051 

Nitrate Nitrogen 

(NO3-N) (mg/litre) 0.62 0.67 0.72 0.54 

Faecal Coliform 

(MPN/100ml) 756 925 1121 429 

 

Biotic Index  

Four Biotic Indexes were considered for the present study viz: 

BMWP, BMWP-ASPT, Hilsenhoff’s Biotic Index and EPT 

(Ephemeroptera, Trichoptera and Plecoptera) Index. They separate 

invertebrate species or taxa on the basis of their relative 

sensitivity to organic pollution. All the Indexes assessed the water 

quality that varies from good to poor. BMWP and associated ASPT 

Index assessed the best result with average score ranged from 

‘Very Good’ to ‘Moderate’ and ‘Good’ to ‘Doubtful’ respectively, 

however Hilsenhoff’s Biotic Index opted for ‘Fair’ to ‘Fairly Poor’ 

and EPT Index for ‘Fair’ to ‘Poor’ water quality. Based on BMWP 

and ASPT criteria, only one wetland i.e Waterlogged falls in the 

‘Good’ category, whereas rest of the three have been assigned to 

‘Moderate’ and ‘Doubtful’ respectively. As per HFBI Index, only 

the waterlogged category was classified under ‘Fair’ category, 

and the remaining three types fall under the ‘Fairly Poor’ category. 

Moreover the score chart is different for all the four Indexes. EPT 

did the poorest job with the wetlands assigning to only 

waterlogged as ‘fair’ and rest of the three as ‘poor’ category. Two 

of the categories, Oxbow and Borbeel showed an Index value of 

‘0’ (zero), indicating the wetlands to be unfavourable for the 

sensitive aquatic species. 

 

The Biotic Indexes level discloses different water quality with the 

best score of index value during Monsoon and the wetland 

belonging to waterlogged category being the healthier amongst 

all the four. Only in this category, most of the sensitive, pollution 

intolerant insects like Hydrosychidae, Ephemeridae, Baetiscidae 

and Caenidae were seen. However, few sensitive aquatic insects 

were also seen in the Riverine type. EPT Index shows uneven 

distribution of pollution sensitive species, as maximum of them 

are seen only in the Monsoon though none of them were observed 

in the winter. Monsoon yielded the highest number of individuals 
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in all the categories of wetland. Moreover, observed with the 

healthiest quality of water in this season for all the wetlands, 

with reference to the score received from the different biological 

Indexes and WQI. Basically Mayflies, caddisflies and stoneflies 

were found in pristine flowing water and seen to be less in 

stagnant disturbed water. All the Indexes categorized the 

wetlands to different classes, based on their score index.  

 

Table 4. Summary of different Biotic Indexes score 
  Riverine Oxbow Lake/Pond Waterlogged 

WQI 

60.29 

(Medium) 

56.73 

(Medium) 

55.9  

(Medium) 

66.77 

(Medium) 

HFBI 

6.8275  

(Fairly Poor) 

6.64 

(Fairly Poor) 

6.8225 

(Fairly Poor) 

6.01 

(Fair) 

ASPT 

5.7225 

(Doubtful) 

5.6625 

(Doubtful) 

5.3725 

(Doubtful) 

6.7925 

(Good Water) 

BWMP 

67.25 

(Moderate) 

52.5 

(Moderate) 

51 

(Moderate) 

80 

(Good) 

EPT 3 (Poor) 0 (Poor) 0 (Poor) 8 (Fair) 

 

Statistical Analysis 

A statistical correlation relationship was analysed among WQI 

and the Biotic Indexes. NSF water quality index reflected 

significant correlation with the biotic indexes and presented in Fig 

1. However, HFBI, ASPT and BWMP indexes showed r2 value 

greater than 6.00, presented in the figs (i), (ii) and (iii). Whereas 

EPT was found to have an inappreciable r2 value of 0.504. A 

statistical analysis and interpretation was also carried out among 

all the biological Indexes. The results suggested that Hilsenhoff’s 

Biotic Index correlate significantly with all the Biotic Indexes. 

Among the water quality parameters, Dissolved Oxygen showed a 

strong negative correlation with Organic Matter (r = -.9647, r2= 

0.428), as increasing Organic Matter requires more bacteria to 

break down with more use of oxygen lowering the DO level, 

eventually shaping up as an unfavourable ground for the sensitive 

species. The Correlation matrix for the different Indexes is 

presented in Table 5. 

 

Table 5. Correlation Matrix (WQI and BIOTIC INDEX) 

Correlations WQI BMWP HFBI ASPT EPT 

WQI 1 
    

BMWP 0.966 1 
   

HFBI -0.867 -0.962 1 
  

ASPT 0.984 0.909 -0.768 1 
 

EPT 0.997 0.956 -0.859 0.982 1 

 

 

    
Fig (i): Correlation between NSF water quality index and HFBI             Fig (ii). Correlation between NSF water quality index and ASPT. 

 

   
Fig (iii). Correlation between NSF water quality index and BMWP. Fig (iv): Correlation between NSF water quality index and EPT
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Conclusion 

The Biological Indexes showed a steady result that helped to 

interpret the status of the wetlands with tranquility. Aquatic 

insects are found to be dominating the wetlands, however 

pollution intolerant species were seen very less. All the four 

wetlands were reported and observed to be human reliant sites, 

so they are attached socially and economically with the local 

inhabitants. Water Quality Index did a very good job in reflecting 

the water quality, with equal support from the Biotic Indexes. 

However each of the Indexes had their own individuality in 

reflecting the health of the wetlands. WQI adapted a good 

coordination with Hilsenhoff’s Biotic Index in indicating the water 

quality. As per the Indexes, the waterlogged wetland gave a 

satisfactory result throughout the year except for EPT Index, which 

has assigned it in the ‘Fair’ category. The results of this category 

indicated well balanced hydrological settings and have the 

features of a healthy wetland. However the results also recorded 

that all the wetlands have little or more impact from the outer 

society, as very less pollution intolerant species were seen, that 

rather prefer free flowing pristine habitat. Dissolved Oxygen level 

was beyond the acceptable limit with high organic matter. Being 

very close to the local habitants, the wetlands cannot be expected 

to be untouched or undisturbed, it should be used in a sustainable 

way without destroying the hydrological settings of the water 

bodies. Moreover the wetlands have to fetch the burden of 

fishing, bathing, collecting livestock etc from the local inhabitants. 

Excessive fishing, like using of different fishing gears might get 

provoked in shaping up the wetlands as an unsustainable habitat 

ground for the aquatic flora and fauna.  
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