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 Monitor water quality using biotic indices are helpful tools for evaluating the health of 
rivers and streams. In Thailand, water samples are mainly analyzed using physical and 
chemical attributes, because most biotic indices were developed in other countries. This 
study compared five biotic indices commonly used to evaluate water quality via benthic 
macroinvertebrates in order to determine which index best reflects ecosystem health of 
streams. Benthic macroinvertebrates and water quality variables were sampled for two 
seasons in December 2014 (cold-dry season) and in April 2015 (hot-dry season) in 
nineteen sampling stations. Biotic indices derived from benthic macroinvertebrates 
sample data composed of Biological Monitoring Working Party Score-BMWPTHAI, 
Average Score Per Taxon-ASPTTHAI, Simpson's Diversity Index, Family Biotic Index-
FBI and Shannon-Wiener index-H´. The paired t-test was uses to test the differences of 
water quality and biotic indices in two seasons. Overall, 25,903 individual belonging to 
92 families. Water quality variables (temperature, dissolved oxygen, total dissolved 
solids, electrical conductivity and ammonia-nitrogen) were seasonally significant 
difference (p< 0.05). ASPTTHAI  had seasonally significant difference (p< 0.05). 
Principal Correspondence Analysis (PCA) indicated that BMWPTHAI , ASPTTHAI, 
Shannon and Simpson diversity index in hot dry season were related with alkalinity, 
total dissolved solids and electrical conductivity while FBI was related with ammonia-
nitrogen and orthophosphate. The BMWPTHAI, Shannon and Simpson diversity index in 
cold dry season were related with dissolved oxygen and pH while FBI was related with 
water temperature, ammonia-nitrogen and turbidity. The ASPTTHAI in cold dry season 
was related with ammonia-nitrogen and orthophosphate. 
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INTRODUCTION 

 
Biomonitoring is the use of biological variables to survey the environment. The first step in this type of 

monitoring is to find the ideal bioindicator whose presence, abundance and behavior reflects the effect of a 
stressor on biota [1]. Over the past decade, biological monitoring methods have been increasingly used to 
quantify the anthropogenic impairment of freshwater ecosystems. The number and types of organisms present in 
a water body reflects the quality of the site from which they were collected [2-4]. Aquatic animals are among 
the most frequently applied groups in freshwater monitoring and assessment, about 60 percent of which are 
based on freshwater benthic macroinvertebrate analysis [5]. Different sampling protocols and metrics are used to 
evaluate the water quality of streams and rivers. Among them, biotic indices are the most used because they are 
highly robust, sensitive, cost-effective, easy to apply, and easy to interpret [6]. Biotic indices are tools for 
assessing quality based on the different response of organisms to environmental changes. There are many biotic 
indices developed for different regions, for instance the TBI (Trent Biotic Index) [7], the BMWP (Biological 
Monitoring Working Party) and the ASPT (Average Score per Taxon) [8] for the UK, the BBI - Belgian Biotic 
Index [9-10] for Belgian rivers. Many of these indices have to be adapted when they are used in different 
regions from where they were developed. One of the most used biotic indices in Thailand is the BMWP 
(Biological Monitoring Working Party), which is an adaptation of the British BMWP [8]. This score was 
applied as BMWPTHAI by Mustow in 2002 [11]. The 23 study sites from 4 rivers of the Ping Watershed were 
sampled; the main Ping River, a highly polluted tributary (Kha Canal), a relatively unpolluted tributary (Taeng 
River) and an upland stream tributary (Klang River). Samples were collect from 1990 to 1993. The BMWPTHAI 



8                                                   Witwisitpong Maneechan and Taeng On Prommi, 2015 
Advances inEnvironmental Biology, 9(26) Special 2015, Pages: 7-11 

score was therefore modified by removing 15 taxa not present in Thailand and adding 11 taxa which are more 
suitable to be used in Thailand. The main objective of the present study was to assess water quality of Mae 
Klong watersheds using biotic indices (BMWPTHAI, ASPTTHAI and Shannon-Wiener index, Simpson index and 
family biotic index) as a tool to evaluate ecosystem health in the Mae Klong Watershed. 

 
MATERIALS AND METHODS 

 
The Mae Klong watershed is the most important watershed in western part of Thailand. The upstream 

watershed area consists of two main rivers, namely Khwae Noi and Khwae Yai. The rivers run into the Khao 
Laem and Srinagarind Dam located in the upper region of Mae Klong watershed. The rivers are jointed in 
Kanchanaburi Province, which is considered downstream, flows through Ratchaburi Province and run into the 
Gulf of Thailand at Samut Songkram Province. Nineteen sampling sites were chosen in this study (Fig. 1). 
These streams are used for domestic activities (drinking, cooking, bathing, fisheries). 

 

 
Fig. 1: Map showing the nineteen sampling sites along Mae Klong watershed, western Thailand. 

 
Benthic macroinvertebrates and water quality variables were conducted in two seasons, one in the cold dry 

season (December 2014) and one in the hot dry season (April 2015). Aquatic organisms   were sampled using 
aquatic D-net. At each sampling station, a stretch of approximately 50 m was chosen for collection of samples 
from the three target habitats – riparian vegetation, leaf litter, low gradient riffles and pools. The samples were 
preserved in 80% ethanol. Benthic macroinvertebrates were sorted and identified to the family level using 
taxonomic keys [12-14].  

Samples of water were collected from each sampling site immediately before the sampling of aquatic 
insects. Three replicates of water quality variables were recorded directly at the sampling site and included pH, 
air temperature (AT), water temperature (WT), dissolved oxygen (DO), total dissolved solids (TDS), electrical 
conductivity (EC). Water samples from each collecting period were stored in polyethylene bottles (500 mL). 
The ammonia-nitrogen (NH3-N), Orthophosphate (PO4

2-), nitrate-nitrogen (NO3-N), and turbidity (TUB) were 
determined in accordance with the standard method procedures [15]. Alkalinity (ALK) was measured by 
titration. 

Five biotic indices were used to monitor the impact of disturbances and pollutions on the streams. The 
indices used in this study were widely known and used in such similar studies elsewhere, including Biological 
Monitoring Working Party Score-BMWPTHAI and Average Score Per Taxon-ASPTTHAI [12], Shannon-Wiener 
diversity Index [5], Simpson's Diversity Index, Family Biotic Index-FBI [2, 16]. The BMWP system considers 
the sensitivity of invertebrates to pollution and families are assigned a score between 1 and 10 accordingly. The 
BMWP Score is the sum of the values for all families present in the sample. In general, a river with good water 
quality has a BMWP score of 100. ASPT was calculated as ASPT = BMWP Score/Number of scoring taxa. A 
high ASPT was considered indicative of a clean site containing large numbers of high scoring taxa. Paired t-
tests was used to compare the water quality variables and biotic indices at each station in the cold dry and hot 
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dry season, using SPSS version 16.0 for windows. Principal Correspondence Analysis (PCA) was used to 
determine the correlation between water quality variables and the biotic indices. 

 
RESULTS AND DISCUSSION 

 
Mean values of selected physicochemical parameters of water quality at Mae Klong watershed during this 

study are presented in Table 1. Water and air temperature, dissolved oxygen, total dissolved solids, electrical 
conductivity and ammonia-nitrogen were significantly different (p< 0.05) between cold dry and hot dry season. 
The value of water temperature was varied according to the seasons. An increased temperature and reduced 
water volume in both seasons may influence the compositions and richness of benthic community in temperate 
[17]. In this study, the values of temperature, DO, EC and NH3-N were in the accepted range of Thailand 
surface water quality standard class 2 [18]. 

 
Table 1: Mean of water variables of streams in the Mae Klong watershed in December 2014 and April 2015. 

Season/parameter Cold dry Hot dry 
AT (°C) 27.72 33.77 
WT (°C) 25.19 30.56 
DO (mg/L) 9.01 5.24 
TDS (mg/L) 105.57 138.74 
EC (µS/cm) 204.50 278.43 
pH 8.39 8.43 
ALK (mg/L) 32.14 27.54 
TUB (NTU) 14.16 13.79 
NH3-N (mg/L) 0.23 0.35 
PO4

3- (mg/L) 0.59 0.62 
NO3-N (mg/L) 1.30 1.09 

 
Table 2: Comparison of t-test result to differences in both seasons of biotic indices.  

Indices Season t df Sig. (2-tailed) 
 Cold dry Hot dry    
BMWPTHAI 190.58 187.95 0.164 18 0.878 
ASPTTHAI  5.59 6.04 -3.293 18 0.004* 
Simpson index 34.05 30.79 1.387 18 0.182 
FBI 3.52 3.52 -0.062 18 0.951 
Shannon index 2.42 2.54 -1.186 18 0.251 

 
A total of 25,903 individual of benthic macroinvertebrate belonging to 92 families distributed in the orders 

Decapoda, Ephemeroptera, Odonata, Plecoptera, Hemiptera, Megaloptera, Coleoptera, Diptera, Lepidoptera, 
and Trichoptera (Fig. 2). In the class Insecta, the order Trichoptera (9,018 individuals of 15 families) were the 
most abundance, followed by Ephemeroptera (5,811 individuals of 11 families) and Odonata (4,203 individuals 
of 12 families).  

Among five biotic indices, the Average Score Per Taxon (ASPTTHAI) was significantly different (p< 0.05) 
between cold dry and hot dry seasons (Table 2).  

 

                               
Fig. 2: Distribution of taxa on order base. 
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Principal Correspondence Analysis (PCA) indicated that BMWPTHAI, ASPTTHAI, Shannon and Simpson 
diversity indices in hot-dry season were related with alkalinity, total dissolved solids and electrical conductivity 
while FBI was related with ammonia-nitrogen and orthrophosphate. The BMWPTHAI, Shannon and Simpson 
diversity index in cold-dry season were related with dissolved oxygen and pH while FBI was related with water 
temperature, ammonia-nitrogen and turbidity. The ASPTTHAI in cold-dry season was related with ammonia-
nitrogen and orthophosphate (Fig. 3). The aquatic insects present in the Mae Klong watershed consisted mainly 
of common and widespread species and are typical of those found in clean and well-oxygenated water. The 
BMWP result is based purely on a raw score with no comparison to a reference site with similar features. 
Different types of watercourse support different aquatic macroinvertebrate communities and thus different 
BMWP scores, independent of water quality. The use of benthic macroinvertebrates has become an important 
tool for monitoring the quality of freshwaters and the species of mayfly and stonefly recorded in these groups 
are pollution intolerant and indicators that water quality is high.    

 
Fig. 3: Results of principal components analysis (PCA) of the water quality variables and biotic indices in the 

Mae Klong watershed in cold dry season (December 2014) and in hot dry season (April 2015). 
 
Conclusion: 

The use of biotic indices as water quality monitoring are helpful tools for evaluating the health of rivers and 
streams. The PCA indicated that BMWPTHAI, ASPTTHAI, Shannon and Simpson diversity index in hot dry season 
were related with alkalinity, total dissolved solids and electrical conductivity while FBI was related with 
ammonia-nitrogen and orthophosphate. The BMWPTHAI, Shannon and Simpson diversity index in cold-dry 
season were related with dissolved oxygen and pH while FBI was related with water temperature, ammonia-
nitrogen and turbidity. The ASPTTHAI in cold-dry season was related with ammonia-nitrogen and 
orthophosphate. 
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