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The aim of this study was to identify appropriate biometric candidates for assessing the environmental 
quality of wetlands in northeastern Thailand. Field sampling was conducted in 13 wetlands during the 
cool season of 2009 and hot season of 2010. Macroinvertebrates were collected based on the 
proportion of multi-habitats using a 500 µm D-frame dip net within a 500 m reach. Fourteen 
physicochemical parameters of the environmental quality were measured. The total scores of the 
human disturbance score for the reference sites were lower than those for the test sites, and the 
number of total taxa of macroinvertebrates in the reference sites was higher than the numbers of taxa in 
the test sites in both seasons. The BOD5, PO4

3-
, conductivity and turbidity were significantly different 

between the reference and test sites (p < 0.05). The 63 test metrics, only 7 core metrics for the biological 
index score were included in the biotic index. The results revealed that the index can be used for all 
three wetland types in northeastern Thailand. However, the score must be tested and calibrated for 
other ecoregions.  
 
Key words: Benthic macroinvertebrates, biotic index, bioassessment, multi-metric index, wetland, Northeastern 
Thailand. 

 
 
INTRODUCTION  
 
A large number of wetlands in Thailand have been lost or 
are rapidly and progressively being degraded by obvious 
and/or obscure causes (OEPP, 2002). The loss of 
wetland area is a continuous trend because of the 
growing amount of disturbance due to urbanization and 
the extension of roads and other infrastructure into rural 
areas. Wetland hydrology also is significantly affected by 
the removal of vegetation, increased impervious 
surfaces, the installation of storm drainage systems, the 
construction of roads and bridges, all of which can 
decrease the depth of wetlands and block the migration 
of aquatic animals (OEPP, 2002). Over the  past  decade, 
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bioassessment methods have been increasingly used to 
quantify the anthropogenic impairment of wetland 
ecosystems, such as the Indexes of Biotic Integrity (IBIs) 
(Kerans and Karr, 1994) these indices could be used to 
assess lotic systems and to monitor the environmental 
quality of streams and rivers throughout the world 
(Reynoldson et al., 1995; Barbour et al., 1999; Smith et 
al., 1999; Mustow, 2002; Morse et al., 2007). 

The body of literature for wetland bioassessment 
protocols using benthic macroinvertebrates is small and 
centered almost entirely on research conducted in the 
USA (U.S.EPA, 2002) and Australia (Davis et al., 2006). 
The majority of the published findings in the literature 
suggest that benthic macroinvertebrates are a beneficial 
tool for the biological assessment of wetlands but that the 
indices need to be modified (Wilcox et  al.,  2002;  Chipps  
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Figure 1. Map of study area showing the distribution of 13 sampling sites in northeast Thailand  
 
 
 

et al., 2006; Marchetti et al., 2008). Many studies show 
that the structure of the benthic macroinvertebrate 
communities in wetlands is complex and depends on 
many factors, such as the vegetation structure, hydro-
period, water body area, food resources and water 
chemistry (Battle and Golladay, 1999; Heino, 2000; 
Kazancı et al., 2003; Tarr et al., 2005; Galbrand et al., 
2007; Studinski and Grubbs, 2007). Additional problems 
include the limited number of comparable sites, the 
potential lack of undisturbed reference sites, and the 
variable effects of different disturbance types (Wilcox et 
al., 2002).  

Currently, there are few studies regarding the 
development of indexes for wetlands based on the 
benthic macroinvertebrates (Burton et al., 1999; Kashian 
and Burton, 2000; Blocksom et al., 2002; Yimer and 
Mengistou, 2009). The wetlands in Thailand comprise an 
area of 36,616.16 square kilometers, which is 
approximately 7.5% of the total area of the country, and 
there are a wide range of riverine, lacustrine, palustrine 
and coastal ecosystems. The Office of Environmental 
Policy and Planning (OEPP) in Thailand identified the 
importance of wetlands based on the criteria of the 
Convention on Wetlands (Ramsar Convention) at 3 
levels: international, national and local (OEPP, 2002). 
The current water quality assessment tools based on 
macroinvertebrate parameters, which have been exten-
sively reviewed  in  the  literature,  are  already  in  use  to 

assess the ecological quality of streams and rivers in 
Thailand (Thorne and Williams, 1997; Mustow, 2002; 
Boonsoong et al., 2009; Getwongsa et al., 2010, Uttaruk 
et al., 2011), yet there are currently no working 
macroinvertebrate assessment systems for wetlands; 
indeed, the few studies addressing wetland monitoring 
have focused only on fish and birds (OEPP, 2002; 
Pagdee et al., 2007). Accordingly, the aim of this study 
was to develop a biotic index using benthic 
macroinvertebrates as a bioassessment tool for wetlands.  
 
 
MATERIALS AND METHODS 
 
Study area and site selection  
 

This study was conducted in 13 wetlands, including 3 lakes, 6 
marshes and 4 reservoirs (OEPP 2002), during the cool season of 
2009 and the hot season of 2010. The study sites were located at 
14° 38' to 18° 03' N and 101° 50' to 104° 20' E in northeastern 
Thailand (Figure 1). The region consists of a tilted plateau, and the 
elevation varies from 130 to 220 m above sea level. The annual 
precipitation varies between 900 and 1000 mm.  

The annual average temperature ranges from 26 to 27°C. The 
wetlands were categorized as being of international importance (7) 
and national importance (6) based on the criteria of high fish 
diversity and high bird diversity (OEPP, 2002). The sampling 
stations were chosen based on their accessibility and their natural 
and impaired condition. The reference sites represented the least 
impaired condition available, whereas the test sites were known to 
be influenced by various levels of anthropogenic stress factors  and  
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are generally utilized as both land and water resources. These sites 
were influenced by hydrologic modifications, such as ditching, filling 
and man-made dikes, and for vegetative modifications. The land 
utilization included rice cultivation, cropping, and livestock rearing.  
 
 
Water quality and habitat characteristic assessment 
  
Fourteen physicochemical parameters were measured and benthic 
macroinvertebrates were collected at each sampling site. The 
dissolved oxygen (DO, mg/L) and water temperature (°C) were 
measured in situ using a YSI Dissolved Oxygen meter Model 57 
and a Sension 

TM
 1 Portable pH meter, respectively. The 

conductivity (µs/cm) and Total Dissolved Solids (TDS, mg/L) were 
evaluated with Fisher Scientific method 09-326-2. The ammonia-
nitrogen (mg/L NH3-N, the Nessler method), nitrate-nitrogen (mg/L 
NO3-N, ascorbic acid method), orthophosphate (mg/L PO4

3-
, 

cadmium reduction method), Total Suspended Solids (TSS) (mg/L) 
and turbidity (FAU) were measured using a Hach DR/2010 
spectrophotometer model 49300-00. The biochemical oxygen 
demand (BOD5, mg/L) was assessed by the concentrations in a 
dark bottle after incubation at 20°C. The chlorophyll a (µg/L) level 
was measured using a methanol extraction method (APHA AWWA 
WPCF, 1998). To evaluate the group of wetlands across a gradient 
of disturbances, we calculated a human disturbance score for each 
wetland based on the Main Rapid Assessment Method (U.S. EPA, 
2003), with five subsections of impact: evidence of chemical 
pollutants, hydrologic modifications, impervious surface, non-point 
sources, and vegetative modifications. The final human disturbance 
score was the sum of the five subsections and ranged from 0 (not 
observed), representing an unimpacted site, to 125, the highest 
possible score for each site, representing a severely impacted 
sited. 
 
 
Benthic macroinvertebrate sampling and processing 
 
Benthic macroinvertebrates were collected at each site using a 
multi-habitat approach with a D-frame dip net (500 µm mesh), 
sampling method was modified from Flotemersch et al. (2006). A 
total of 10 sweeps were conducted proportionately for all the major 
habitat types over a 500 m reach. The specimens collected in all 10 
sweeps were combined into a single sample and preserved in 70% 
ethanol. The benthic macroinvertebrate samples were rinsed on a 
500 µm mesh sieve, and the large material was discarded. All of the 
organisms from the sorted sample were identified to the lowest 
possible taxonomical level, usually the genus or species. The 
identification was based on a reference text (Mose et al., 1994; 
Sangpradub and Boonsoong, 2006) and the individuals were 
assigned to operational taxonomic units (OTUs).  
 
 
Data analysis  
 

The multivariate analysis of the macroinvertebrate assemblages 
was performed using clustering and ordination (NMDS) methods in 
PC-ORD ver.5 (McCune and Mefford, 2006). The 
macroinvertebrate data were transformed to presence/absence. An 
independent-sample t-test was performed using the 
physicochemical data to test for differences between the reference 
and test sites. The overall metrics were calculated within the 
Ecological Data Application System (EDAS) (Tetra Tech, 2000a), 
and the candidate metrics were examined for membership and 
applicability as core metrics to assess the biological condition of the 
wetlands. The overall metric sensitivity was evaluated by comparing 
the values between the reference and test sites. Box and whisker 
plots were used to determine an appropriate suite of metrics that 
displayed a strong discriminatory power.  Exclusion  was  based  on 

 
 
 
 
the examination of the 25

th
 percentile, median, and 75

th
 percentile 

values of the reference site population for each metric. This 
comparison can be expressed numerically by its Discrimination 
Efficiency (DE) (Stribling et al., 2000). Pearson’s correlation 
analysis was used to select the candidate metrics for the index; 
those metric combinations that resulted in correlation coefficients 
>0.85 were considered highly redundant. Only one of the metric 
from a group was selected and included in developing the final 
index.  

Two metric scoring methods were used to develop the 
multimetric index; discrete scoring (D=Discrete, R=Reference sites 
used to set expectation, Q1=25

th
 percentile of reference site used 

for expectation; DRQ1) and continuous scoring (C=Continuous, 
A=All site used to set expectation, U=Upper expectation set all sites 
only; CAU) methods (Blocksom, 2003). Scoring process for the first 
method, each metric was scored by creating a value range from the 
reference site population whereby a 1, 3 and 5 points categorical 
scoring system was developed for each metric (Barbour et al., 
1999). For the second method, the range of value for each metric 
was standardize on 100 point scale, assessing all metric value a 
score ranging from 0 (worst) to 100 (best) (Tetra Tech, 2000b). To 
summarize the multimetrics index to single numerical index value. 
All trial index were tested to find the metric combination that 
resulted in the greatest DEs. 

 
 
RESULTS 
 
Physicochemical parameters and habitat 
characteristics 
 
The mean values of most of the physicochemical 
parameters were not significantly different between the 
reference and test sites (Table 1). The conductivity, 
BOD5, PO4

3-
 and turbidity were significantly higher at the 

test sites than the reference sites in both seasons (p < 
0.05). In hot season, the nitrate-nitrogen and TSS levels 
were significantly higher at the test sites than the 
reference sites, whereas the chlorophyll a content was 
significantly higher at the reference sites than at the test 
sites (p < 0.05).  

The physical habitat structure of all of the reference 
sites had a good riparian zone and vegetative protection, 
whereas the riparian buffer and bank vegetation of the 
test sites were scarce due to human activities, such as 
urbanization, agriculture, the increased density of 
impervious surfaces and road construction.  

The box plot analysis showed that the human 
disturbance score for the reference sites was lower (23 ± 
0.23, 21 ± 4.45) than the scores for the test sites (44 ± 
0.23, 44 ± 10.64) for cool and hot season, respectively 
(Figure 2). The discriminatory power of the total human 
disturbance score in the cool season was stronger than in 
the hot season.  

Pearson’s correlation analysis revealed that 23 metrics 
were positively correlated (r > 0.32, p < 0.01) with the 
total human disturbance score. The NMDS revealed 
ecologically interpretable patterns of the community 
structure of the benthic macroinvertebrates at the 
reference site (stress = 18.23). The reference sites were 
aggregated into two major  groups  by  season, indicating 
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Table 1. Mean ± SD of physicochemical parameters in reference and test sites in the cool and hot seasons. 
 

Parameter 
Cool season  Hot season 

Reference Test t-test p-value  Reference Test t-test p-value 

Depth (cm) 84 ± 0.70 39 ± 0.16 0.02  128 ± 2.0 130 ± 1.7 ns 

Water temperature (°C) 26 ± 1.28 27 ± 1.34 ns  32 ± 3.80 31 ± 3.10 ns 

Air temperature (°C) 29 ± 3.08 29 ± 3.02 ns  29 ± 2.92 31 ± 2.39 ns 

Conductivity (µs /cm) 106 ± 76.67 381 ± 578 0.02  145 ± 115 636 ± 1124 0.01 

TDS (mg/L) 79 ± 2.27 95 ± 1.75 ns  101 ± 49.72 157 ± 426 ns 

pH  7 ± 0.60 7.21± 0.86 ns  7.24 ± 0.99 6.84 ± 0.68 ns 

DO (mg/L) 6 ± 1.77 6.83 ± 0.38 ns  6.68 ± 2.17 6.88 ± 2.34 ns 

BOD5 (mg/L) 2.57 ± 0.88 3.72 ± 1.73 0.03  1.3 ± 1.44 1.59 ±1.45 ns 

Turbidity (FAU) 9 ± 15.32 14.4 ± 15.6 ns  22 ± 21.2 65 ± 18.04 0.04 

TSS (mg/L) 6.73 ± 8.94 9.60 ± 9.2 ns  13.2±11.87 40 ± 64.90 0.01 

Nitrate-nitrogen (mg/L) 0.61 ± 0.4 0.80 ± 0.6 ns  0.68 ± 0.43 1.26 ± 1.20 ns 

Orthophosphate (mg/L) 0.3 ± 0.2 0.32 ± 0.4 ns  0.18 ± 0.13 0.30 ± 0.37 0.04 

Ammonia-nitrogen (mg/L) 0.66 ± 0.83 0.43 ± 0.33 ns  0.72 ± 0.2 0.75 ± 0.57 0.04 

Chlorophyll a (µg/L) 4.79 ± 4.38 4.0 ± 3.30 ns  10.2 ± 6.78 8.71 ± 6.22 .030 
 

ns, Non significant. 
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Figure 2. Box plot of total human disturbance score of reference and test sites for the cool (a) and hot (b) 
seasons  

 
 
 

that the taxa were generally more influenced by the 
season than by the wetland type.  
 
 
Selection of metrics  
 
Thirteen metrics were chosen as candidates because 
they demonstrated a DE of more than 50% in the cool 
and hot seasons. Almost all of the metrics showed a 
relatively moderate DE, and the total taxa and total 
genera richness performed the best overall. A correlation 
analysis was performed on these 13 metrics to exclude 
redundant metrics from the index. Those metrics with a 
correlation coefficient > 0.85 were considered redundant 
and were not used together in any index formulation. The 
total taxa richness was redundant  with  the  total  genera 

and predator taxa, whereas the Ephemeroptera (E), 
Trichoptera (T), and Odonata (O) taxa metric (ETO taxa) 
was redundant with Odonata taxa, Odonata genus, OT 
taxa, and Beck’s biotic index (Table 2). From this 
analysis, 8 core metrics were identified as potential 
metrics for calibration of matrics and index development. 
The total human disturbance score correlated with most 
of the metrics, and nitrate-nitrogen, turbidity and TSS 
were also correlated with some of the metrics (p < 0.05).  
 
 
Calibration of metrics and index development 
 
The 8 core metrics (total taxa, ETO taxa, Crustacea + 
Mollusca (CRMOL) taxa, Beck’s biotic index, predator 
taxa, scrapers  taxa,  sprawler  taxa  and  swimmer  taxa)  
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Table 2. Pearson correlation matrix of benthic macroinvertebrates metrics in the reference sites.  

 

Metric Total taxa Total genera Climber taxa CRMOL taxa ETO taxa Odonata genus OT taxa Odonata taxa 

Total genera 1.00**
 a
        

Climber taxa 0.40** 0.41**       

CRMOL taxa 0.52** 0.53* 0.20      

ETO taxa 0.77** 0.76** 0.68** 0.24*     

Odonata genus 0.60** 0.61** 0.75** 0.20 0.89**
a
    

OT taxa 0.71** 0.71** 0.73** 0.26* 0.96**
 a
 0.94**

 a
   

Odonata taxa  0.60** 0.61** 0.75** 0.21 0.88**
 a
 1.00**

 a
 0.94**

 a
  

Predator taxa 0.90**
 a
 0.90**

 a
 0.39** 0.28* 0.71** 0.65** 0.67** 0.65** 

Beck’s biotic index 0.71** 0.72** 0.43** 0.14 0.87** 0.82** 0.85** 0.81** 

Metric Predator taxa Scraper taxa Sprawler taxa Swimmer taxa     

Beck’s biotic index 0.74** 0.14 0.58** 0.41**     

Swimmer taxa 0.81 ** 0.25* 0.58**      

Sprawler taxa 0.612** 0.79**       

Scraper taxa 0.32**        
 

Marked correlations are significant
 a
Redundancy metrics; *p<0.05; **p<0.01.  

 
 
were transformed into unit-less scores using two 
methods (the DRQ1 and CAU methods). The 
category scoring range and descriptive statistics 
for all of the core metrics for each season are 
shown in Tables 3 and 4. The core metrics score 
values were entered in each index trial model 
calculation. The models showed that only 7 core 
metrics (predator taxa was eliminated as a core 
metric) had the strongest DEs for both the DRQ1 
and CAU indexes in both seasons. The box plots 
supported the ability of final indexes to discri-
minate the reference and test site populations, as 
shown in Figure 3. Pearson’s correlation analysis 
indicated that both of the indexes were negatively 
correlated with human disturbance score (DRQ1 = 
-0.57, CAU = -0.62). In addition, we also found 
that both index scores were negatively correlated 
with increasing water temperature (r > -0.244, p < 
0.05), BOD5 (r > -0.28, p < 0.05), nitrate-nitrogen 
(r >- 0.29, p < 0.05), TSS (r > -0.27, p < 0.05)  and 

turbidity (r > -0.283, p < 0.05). Furthermore, the 
CAU index was negatively correlated with the 
conductivity (r = -0.28, p < 0.05), whereas the 
DRQ1 index was negatively correlated with the 
water temperature (r = -0.24, p < 0.05). 
 
 
Wetland bioassessment 
 
The assessment was divided into 5 categories 
based on the range of index values among all of 
the reference sites. A value greater than or equal 
to the 75

th
 percentile of that range was rated as 

“Very Good”, and a value greater than or equal to 
the 25

th
 percentile of that range was rated as 

“Good”. Index values falling below the 25
th
 

percentile were rated as “Fair”, “Poor” or “Very 
Poor” (Table 5). These ordination rating cate-
gories were used to assign impairment ratings to 
all of the sampling sites. The results for the DRQ1 

and CAU methods were similar. Approximately 
85% of the reference sites were “Very Good” or 
“Good”, whereas most of the test sites were 
categorized as “Fair” (69%) by the DRQ1 index 
score. A much lower percentage of sites were 
rated as “Fair” by the CAU index score (20.6%), 
as shown in Figure 4. In addition, the rating 
similarity for the all sampling sites between the 
DRQ1 and CAU scoring was 55%.  
 
 
DISCUSSION 
 
Physicochemical parameters and habitat 
characteristics 
 
The results showed that the biological index 
scores were negatively correlated (that is, the 
biological condition decreased) with increases in 
water temperature, biochemical  oxygen  demand, 
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Table 3. Descriptive statistic and score for the core metric for the cold season. 
 

Metrics 
Descriptive statistics Categorical scoring rage 

Minimum 25th median 75th Maximum 5 3 1 

Total taxa 47 24 29 35 47 ≥24 12-23 <12 

ETO taxa 1 5 7 9 21 ≥5 3-4 <3 

CRMOL taxa 4 12 13 14 20 ≥12 6-11 <6 

Beck’s Biotic Index 1 4 5 5 10 ≥4 3-2 <3 

Predator taxa 11 12 16 19 25 ≥12 6-11 <6 

Scraper taxa 2 4 5 6 9 ≥4 2-3 <2 

Sprawler taxa 2 7 9 10 18 ≥7 4-6 <4 

Swimmer taxa 5 8 10 11 16 ≥8 4-7 <4 

 
 

Table 4. Descriptive statistic and score for the core metric for the hot season.  
 

Metrics 
Descriptive statistics Categorical scoring rage 

Minimum 25
th

 median 75
th

 Maximum 5 3 1 

Total taxa 20 25 33 40 55 ≥20 13-19 <13 

ETO taxa 3 6 9 13 16 ≥6 3-5 <3 

CRMOL taxa 4 9 15 19 30 ≥9 5-8 <5 

Beck’s Biotic Index 1 4 5 6 9 ≥4 3-2 <3 

Predator taxa 8 11 16 19 31 ≥11 6-10 <6 

Scraper taxa 1 4 6 8 10 ≥4 3-2 <2 

Sprawler taxa 3 6 8 12 14 ≥6 3-5 <3 

Swimmer taxa 5 9 11 12 21 ≥9 5-8 <5 

 
 

  

 
 

Figure 3. Box plot comparing the index scores (DRQ1 and CAU) between the population of 
reference and test sites for the cool (a) and hot (b) seasons. 
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Figure 4. Pie diagram showing the percentage of narrative 
assessment of reference and test sites between DRQ1 (a) and CAU 
(b) methods. 

 

 
Table 5. Definition of narrative assessment using index value based on final index model. 
 

Narrative 
assessment 

Percentile of reference 
index value 

DRQ1 index score CAU index score 

cool hot cool hot 

Very good ≥75
th
 32 31 64-100 68-100 

Good ≥25
th
 28-31 28-30 44-63 38-67 

Fair <25
th
 14-27 14-27 22-43 19-37 

Poor - 7-13 7-13 11-21 10-18 

Very poor - < 7 <7 <11 <10 
 
 
 

nitrate-nitrogen concentration, level of TSS and the 
turbidity. During this present study, most of the impaired 
sites were influenced by hydrologic modifications, such 
as ditching, filling and man-made dikes, and by 
vegetative modifications, such as the clearing and 
removal of vegetation. As a result of these activities, 
there were increases in the conductivity, turbidity, TSS, 
BOD5 and nutrient levels in the test sites relative to the 
reference sites (Dauer et al., 2000). In general, the level 
of chlorophyll a is greater at test sites than reference 
sites; however, we found that the chlorophyll a level was 
often higher in the reference sites in our study. This may 
be because of the road construction and removal of 
vegetation, with increases in the  turbidity  as  a  result  of  

increased deposition due to the nearby activity. The total 
habitat disturbance scores were strongly negatively 
correlated with 23 metrics that decrease with the level of 
impairment. We found that the total human disturbance 
scores were strongly negatively correlated with the 
biological index score which agree with the finding of 
Kashian and Buton (2000), Blocksom et al. (2002), Yimer 
and Mengistou (2009). We also found a high degree of 
tree cover in the riparian zone and the presence of 
submerged plants in the reference sites, with Trichoptera 
and Ephemeroptera exhibiting greater richness and 
biodiversity at the references sites than the impaired sites. 
These findings support the results of previous studies, 
such as those by Battle and Golladay  (1999),  Chipps  et 



 
 
 
 
al. (2006) and Takamura et al. (2009).  
 
 

Calibration of the metrics list and index development  
 

From an original group of 63 metrics, only 7 core metrics 
met the strict criteria of a low within-site variability for the 
reference sites: the total taxa, ETO taxa, CRMOL taxa, 
Beck’s biotic index, scrapers taxa, sprawler taxa and 
swimmer taxa. These metrics were able to distinguish the 
impacted sites from the reference sites and are candidate 
metrics for use as indicators of long-term impacts on 
water quality in wetlands.  

The core metrics that represent the ecological 
characteristics for this study include the species richness, 
tolerance, the trophic level and the habitat structure of the 
benthic macroinvertebrate assemblage. Core metrics are 
more robust when composed of 8 to 12 metrics, and they 
should be selected from different categories (taxa 
richness, tolerance/ intolerance, trophic structure and 
functional feeding group and individual heath) that reflect 
the responses to changes in the physical, chemical, and 
biological integrity of the wetlands and surrounding 
landscape (USEPA, 2002). 

Three richness measures (Total taxa, ETO taxa, 
CRMOL taxa) were retained as components of the final 
index. Total taxa, ETO and CRMOL have been used as 
indicators of environmental disturbances in wetlands in 
many US states (Burton et al., 1999; Florida DEP, 2000; 
Kashian and Burton, 2000; USEPA, 2002). In this study, 
we found that Ephemeroptera and Trichoptera were 
sensitive indicators of the water quality, with lower 
proportions at impacted sites.  

This finding was supported by the study of Kashian and 
Burton (2000). We found that only Beck’s biotic index 
was representative of differences in the tolerance index 
between the reference and test sites. The moderate 
organic pollution in wetlands may be sufficient to increase 
the food resources for some of the moderately tolerant 
benthic macroinvertebrates without causing negative 
impacts, therefore resulting in greater richness (Kashian 
and Burton, 2000). 

The metrics based on the species composition showed 
no impact of degradation, supporting the studies in many 
US states (USEPA, 2002), studies that lacked candidate 
composition matrices for wetlands. Metrics based on 
functional feeding groups are useful measures of the 
trophic and functional composition and include measures 
of the relative abundance of scrapers a surrogate for 
ecosystem attributes: balance between autotrophy and 
heterotrophy (Cummins et al., 2005). 

The metrics that are most significantly related to the 
human disturbance scores and to chemical factors are 
total taxa, Beck’s biotic index, ETO taxa and swimmer 
taxa. Relationships between Biotic index and 
environmental variables (chemical factors and human 
disturbance score) showed significant different for the 
CRMOL taxa, Scraper taxa and Sprawler taxa (p < 0.05). 
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The index score of the DRQ1 and the CAU methods 

performed well in the assessment of the pollution status 
of the study sites and showed results similar to those of 
previous Thai river and stream studies (Boonsoong et al., 
2009, Getwongsa et al., 2010; Uttaruk et al., 2011). The 
CAU index score showed a relatively higher correlation 
with the human disturbance score, indicating that this 
method was more consistent than the DRQ1 index 
score.This result is consistent with the conclusion of 
Blocksom (2003) that the CAU method performed the 
best overall for the Macroinvertebrate Biotic Integrity 
Index. Furthermore, the CAU scoring method was 
identified as being less variable among reference lakes in 
Florida than a DRQ1 method based on similar scoring 
threshold values (Florida DEP, 2000). Blocksom (2003) 
evaluated the effect of different metric scoring methods 
on the performance of the Macroinvertebrate Biology 
Integrity Index and found that the CAU method had better 
performance for the measures of index variability and had 
less variable measurements; however, it has also been 
reported that using all of the sites for setting the 
expectations was advantageous in reducing the index 
variability. In addition, Blocksom and Johson (2009) 
suggested that using the full distribution of sites to set the 
thresholds for scoring is more practical than using 
reference and test sites to set the expectations for each 
metric because there are relatively few reference sites 
available.  
 
 

Conclusion 
 
The development of a multi-metric approach based on 
benthic macroinvertebrates appears to be feasible for the 
wetlands of northeastern Thailand. The 7 most suitable 
metrics were used to calculate index score. The patterns 
of changes in the benthic macroinvertebrate assemblage 
were reflected in the responses to human impact. 
Although our results suggest that the index could be an 
effective tool for the management, prioritization, and 
monitoring of these wetlands, we recommend that these 
protocols be tested in further studies and that the testing 
and validation of our index should be performed in other 
regions.  
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