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Assessing Biodiversity of Benthic Macroinvertebrates and 
Influences of Several Environmental Factors on the Community 
Structure in Upo Wetland by Long-term Ecological Monitoring
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Department of Biology & Chemistry, Changwon National University, Changwon 51140, Korea

Abstract

We assessed the distribution of benthic macroinvertebrate at four surveying sites in Upo Wetland, a Ramsar site and the 
largest wetland in Korea, from February 2006 to November 2013. A long-term ecological monitoring was done monthly by 
using quantitative sampling method with dip net for analyzing the community change and correlation between the biodiversity 
and the environmental factors because environmental factors have a decisive effect on the community structure of the benthic 
macroinvertebrates. Total samples from the Upo Wetland area were classified into 3 phyla, 6 classes, 17 orders, 68 families, 
176 species, and 25,720 individuals. Among the 176 species, 62 of the species had not been previously reported in this area. 
Asellus sp., Diplonychus esakii, and Gyraulus chinensis were the most common species in Upo Wetland. The change patterns 
of annual species diversity and species richness were calculated by using the average number of monthly occurring species and 
individuals. Diversity index increased from March to May and decreased after that showing lower diversity indices in July and 
August. It increased again in September and in October. Richness index showed similar tendency and fell around February and 
July, followed by a rising tendency around May and October. Correlation and regression analyses were performed with the 
change of biodiversity and each environmental factor. We found that water temperature have very significant positive 
correlation with species diversity in spring, and have significant indices in autumn and winter. On the other hand, precipitation 
showed a significantly negative correlation value in summer and autumn suggesting it has an effect on the community 
structure of benthic macroinvertebrates.
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1. Introduction1)

Generally, wetland means a land that is permanently 

or seasonally saturated with water, or the soil of the 

land contains water for a certain period. However, 

biologically formed wetlands are lands where water is 

the primary factor for determining the biota(Keddy, 

2010; Ramsar Cooperation, 2010). Wetlands have a 

high biodiversity; hence, they are widely recognized 

as ecologically significant. These are also important 

in regulating floods or droughts and in the purifi 

-cation of contaminants(Verhoeven et al., 2006).

Benthic macroinvertebrates have the highest 

species diversity and individual biomass, and hence, 

occupy a pivotal position in the food chain as a lower 

level consumer(Pennak, 1989). They are very useful 

for assessing the condition of flat water ecosystem as 

they do not travel long distances and many of these 
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species respond sensitively to any change in their 

environment. Therefore, analyzing the population and 

the characteristics of the community is necessary to 

better understand the fresh-water ecosystem(Wilhm, 

1972).

Several ecologists, including Hilsenhoff(1982), 

have assessed the water quality by using the biotic 

index of benthic macroinvertebrates and performed 

methodological studies on the assessment and 

preservation of environment(Lenat, 1988; Canfield et 

al., 1994). The studies on the ecological character 

-istics and space distribution patterns have also been 

conducted in many researches(Brown and Brussock, 

1991; Corkum, 1989). Recently, several researchers 

have focused on the change in biodiversity associated 

with global climate change(Behera and Kushwaha, 

2012; Lepetz et al., 2009). However, there are limited 

studies on the community change of benthic 

macroinvertebrates in the ever-changing environment 

of Korea.

The ecological researches on benthic macroinvert 

-ebrates of Upo Wetland conducted by a few 

researchers(Bae et al., 2004; Lee et al., 2011; Yoon et 

al., 1989) were mostly outdated or covered within a 

short survey period. Therefore, the results from these 

reports could not be used as authentic data for 

assessing the community characteristics of benthic 

macroinvertebrates of Upo Wetland. In addition, the 

quantitative and qualitative data were mixed in most 

reference studies, making it difficult to separate the 

quantitative community change results from the total 

data.

The degree of natural environmental changes 

obtained through a short-term ecological study could 

be overestimated in comparison to the natural 

ecosystem, and thus, a long-term study is necessary 

for accurate understanding of the ecological changes. 

Moreover, the correlation between biotic community 

and abiotic environment cannot be achieved through 

a short-term study. Further, the error in the assessment 

of an ecosystem can be reduced through long-term 

monitoring(Spellerberg, 1991).

Therefore, long-term community change of benthic 

macroinvertebrates in Upo Wetland was investigated 

using a quantitative method in this study. The sampling 

was conducted monthly for eight years except freezing 

season, and eighty sampling were executed for the 

investigation on the characteristics of the community 

structure. The correlation between benthic macroin 

-vertebrate community changes and primary environ 

-mental factors were also analyzed to find which 

environmental factor has greatest influence on the 

changes of the community structure.

The present study is important for the sustainable 

use and conservation of Upo Wetland, which is of 

great ecological significance. The average biotic 

indices obtained from the present study could also be 

used to determine the environmental standards in the 

ecological assessments of other domestic wetlands. 

In addition, this study could provide important 

information on influences of the ever-changing 

environment of organisms for future studies.

2. Materials and Methods

2.1. Study site

Upo Wetland is a fresh water ecosystem located in 

Gyeongsangnam-do Province of South Korea. The 

wetland is a back marsh formed outside the natural 

bank from the reflux of Nakdong River. It is 

composed of 4 wetlands, including the largest natural 

marsh in Korea, with 230 ha of water area. The 

wetland is a habitat to the native birds as stated at the 

Ramsar convention in 1998. The distance between 

the wetland and main stream of Nakdong River is 7 

km. The wetland is composed of an influent channel, 

an effluent channel and four reservoirs, Upo, Mokpo, 

Sajipo, and Jjokjibeol. The total area is 8.54 km2 and 

Upo is the largest among the four reservoirs(Yun et 

al., 2009). Upo Wetland is a back swamp formed by 
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Fig. 1. Study sites of benthic macroinvertebrates in Upo Wetland. (A), Upo, 35°33 00 N, 128°24 30 E; (B), Mokpo, 
35°33 36 N, 128°24 23 E;  (C), Sajipo, 35°33 35 N, 128°26 103 E; (D), Topyeong, 35°33 05 N, 
128°25 54 E. 

sedimentary layers due to bad drainage at the rear of 

the river bank. It is 9.6 m above sea level, 4.4 m 

lower than the river bank.

The wetland rises from Mt. Hwawang, flows into 

Topyeong Stream, and joins the main stream of 

Nakdong River(Nahm et al., 2006). The sampling of 

specimens was done at places with abundant aquatic 

plants that would contain representative fauna of 

benthic macroinvertebrates. The sampling sites were 

Upo, Mokpo, Sajipo, and Topyeong (Fig. 1). 

2.2. Environmental factors

Various environmental factors, including precipita 

-tion, water temperature, hydrogen ion concentration 

(pH), dissolved oxygen (DO), electrical conductivity 

(EC) and suspended solid (SS) of Upo Wetland were 

obtained. Observational data from the weather station 

was used for data analysis regarding precipitation. 

Monthly average environmental data for eight years, 

from January of 2006 until November of 2013, was 

calculated for each factor. Data of temperature and 

water level were excluded from this study because 

these had overlapping changes with water temperature 

and precipitation. Precipitation data came from the 

web of automatic water level measuring system of 

Korea (http://www.koreawqi.go.kr). Water test has 

been conducted with Multi-analyzer (ISTE) PDC-70N 

for pH, DO and EC, and with SS-5F (KRK) for SS, 

respectively.

2.3. Sampling and analysis procedure

Eighty quantitative sampling was conducted for 

the benthos of Upo Wetland during eight years, from 

January of 2006 until November of 2013. Samples 
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from December and January were not taken due to 

the frozen water of winter. The sampling date was the 

20th of every month except bad weather.

Due to the almost lentic environment, a 50 wide 

and 500 mesh sized dip net was used for the 

sampling. The samples were collected in the shallow 

water rich in aquatic plants and at two spots of each 

surveying site by scraping a 1 area at the bottom 

of the swamp (2 of each surveyed site; total 8 ) 

(Merritt and Cummins, 1996; Ward, 1992; Williams 

and Feltmate, 1992). Collected benthic macroin 

-vertebrates were identified under the stereoscopic 

microscope (Stemi SV 11) with taxonomic references 

(Yoon, 1988; Pennak, 1989; Kawai and Tanida, 

2005). 

The species distribution was surveyed at each site 

and the study period, and the biodiversity indices 

including diversity index and richness index were 

calculated. Diversity index has been used to assess 

the viability of the ecosystem. It shows the species 

distribution with evenness, and Shannon’s index of 

diversity was used in this study(Shannon, 1948). 

Margalef’s index of richness(Brower et al., 1977; 

Margalef, 1957) was used to evaluate the environ 

-ment, with the number of species and individuals 

present. The correlation coefficients between diversity 

index and water temperature, precipitation, pH, DO, 

EC, and SS were calculated, respectively, to analyze 

the correlation between the change of diversity index 

of benthic macroinvertebrates in Upo Wetland and 

the environmental factors. The calculation of 

correlation coefficient was done using the software, 

SPSS Inc, ver.20.0K and a simple linear regression 

analysis was performed.

3. Results 

3.1. Changes of environmental factors

The lowest monthly average water temperature 

was 4.00±0.55°C in February after which the water 

temperature increased steadily, averaging the highest 

of 28.13±1.09°C in August. The water temperature 

fell steadily in September. The fluctuation range of 

monthly average precipitation was high from 0.0 

to 623.50 . The lowest measured value was 38.36 

±22.68 in November, while July showed the 

highest monthly mean precipitation of 391.10±82.68

. The deviation was wide between June and 

August, and showed high precipitation in the rainy 

seasons. pH was in the range of 6.90 to 9.86 with the 

monthly average being 7.47±0.19 in October. In 

May, the pH was 9.07±0.26 which was the highest of 

the year. There were wide variations in the monthly 

pH per year with the pH of May from 2006 to 2013 

being higher than those of other months, irrespective 

of the seasons. The range of monthly dissolved 

oxygen (DO) was measured in the range of 6.4 to 

19.0 / . The lowest monthly average DO was 

9.51±1.38 / in July, while the highest was 

14.56±1.57 / in May. Extreme fluctuation was 

noted on the monthly DO values, irrespective of any 

pattern or season. Electrical conductivity (EC) was 

measured in the range of 114 to 800 / . The 

lowest and highest monthly average EC was 251.21± 

38.23 / in September and 544.43±98.18 / in 

February, respectively. EC showed a wider variation 

and the lowest seasonal tendency among surveyed 

environmental factors. SS was measured in the range 

of 0.2 to 26.0 / . The lowest and highest monthly 

average SS was 2.61±1.26 / in November and 

10.37±1.89 / in May, respectively. It showed a 

wider monthly fluctuation per year, irrespective of 

the season (Fig. 2).

3.2. Benthic macroinvertebrates in Upo Wetland

The total benthic macroinvertebrates collected 

from Upo Wetland during the study period were 3 

phyla, 6 classes, 17 orders, 68 families, 176 species, 

and 25,720 individuals. The community information 

from the surveying sites were: 15 orders, 47 families, 
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Fig. 2. Monthly changes of the environmental factors in Upo Wetland during the study period (February 2006 to November 
2013).
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Fig. 3. Species composition of benthic macroinvertebrates collected in Upo wetland during the study period (February 2006 
to November 2013).

104 species and 6,069 individuals from Upo; 15 

orders, 47 families, 114 species and 6,113 individuals 

from Mokpo; 14 orders, 50 families, 110 species and 

5,517 individuals from Sajipo; and 17 orders, 57 

families, 132 species and 8,021 individuals from 

Topyeong.

Ten mollusk species, including Stenothyra glabra, 

Austropeplea ollula, Gyraulus chinensis and Laevapex 
nipponicus, two annelid species, Whitmania edentula, 

and fifty-five species of arthropod were reported for 

the first time in Upo Wetland.

Eleven species of annelids (6.25%), 21 species of 

mollusks (11.93%), and 144 species of arthropods 

(81.82%) made up the total benthic macroinvertebrates 

taxa in Upo Wetland.

Arthropod species occupied most of the animal 

taxa while 4 species of non-Insecta occupied only 

2.27% of Arthropoda. Insect species occupied most 

of Arthropoda; 40 species of Coleoptera (22.73%) 

and 31 Species of Odonata (17.61%). 27 species 

(15.34%) of Hemiptera, 21 species (11.93%) of 

Diptera, 11 species (6.25%) of Ephemeroptera, 7 

species (3.98%) of Trichoptera, and 3 species 

(1.70%) of Lepidoptera were also collected from Upo 

Wetland (Fig. 3).

The change in dominant species was observed by 

counting the monthly individual number of each 

species during the eight study years. Asellus sp., 

Diplonychus esakii, and Gyraulus chinensis were the 

most common species in Upo Wetland. Among them, 

Asellus sp. dominated in February, March and in 

November taking up more than 14% of the total 

individual number, while Diplonychus esakii 
dominated the other months. Subdominant species 

were Gyraulus chinensis, Chironomidae sp.3, Plea 
indistinguenda, Cercion calamorum calamorum, and 

Hippeutis cantori (Table 1). Asellus sp. was dominant 

in the individual number count with a proportion of 

28.82% and 18.88% in February and March, 

respectively, followed by a gradual reduction and 

then increase again to 14.25% in November. The 

proportion of individual number of Diplonychus 
esakii steadily increased from February with no 

significant decline even in the months with low 

diversity. Gyraulus chinensis maintained a high 

percentage except in March (Fig. 4).
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Month
Dominant species 

(Index of dominance, %)   
Subdominant species 

(Index of dominance, %)

Feb Asellus   sp. (28.82) Chironomidae sp.3 (12.84)

Mar Asellus   sp. (18.88) Plea indistinguenda (10.96)

Apr Diplonychus esakii (10.79) Cercion calamorum calamorum (9.91)

May Diplonychus esakii (8.03) Plea indistinguenda (7.50)

Jun Diplonychus esakii (14.08) Gyraulus chinensis (11.02)

Jul Diplonychus esakii (14.85) Gyraulus chinensis (11.40)

Aug Diplonychus esakii (14.90) Hippeutis cantori (11.32)

Sep Diplonychus esakii (18.36) Plea indistinguenda (14.56)

Oct Diplonychus esakii (14.93) Plea indistinguenda (6.73)

Nov Asellus   sp. (14.25) Gyraulus chinensis (10.72)

Fig. 4. Annual changes in dominance of major species in Upo Wetland during the study period (February 2006 to 
November 2013).

Table 1. Monthly changes of dominant species and subdominant species in Upo Wetland during the study period (February 
2006 - November 2013) 

3.3. Patterns of community change 

The number of species and individuals fluctuated 

over the study period, increasing from February to 

May, decreasing from June to July and increasing 

again until October after which it decreased once 

more.

These constantly changing patterns in the number 

of species and individuals were also seen in 2007. A 

larger number of species and individuals were seen in 

April and July of 2008 while a constant changing 

pattern was seen in the other years.

The monthly average species number was lowest 

in February at 22.00±2.89 and then gradually 

increased in March, April and May to 32.00±2.67, 

38.00±3.01 and 39.00±5.42, respectively. It decreased 

in June and July to 33.00±3.40 and 27.00±3.92, 

respectively. However, the species number increased 

again in August and September to 29.00±2.74 and 
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Fig. 5. Monthly changes in the number of collected species and individuals in Upo Wetland during the study period 
(February 2006 to November 2013).

Fig. 6. Monthly changes of diversity index and richness index from Upo Wetland during the study period (February 2006 to 
November 2013).

32.00±3.73, respectively. The most diverse species 

appeared in October with 41.00±5.59 species. 

However, the number decreased again in November to 

29.00±5.55. The monthly average individual number 

increased gradually through February, March, April 

and May to 219.00±23.90, 333.00±38.59, 425.00± 

92.01, and 445.00±107.77, respectively. However, it 

reduced rapidly in June to 306.00±59.20 while July 

and August showed the lowest individual number at 

250.00±67.12 and 231.00±37.62, respectively. It 

increased in September and October to 332.00±25.17 

and 390.00±45.59, respectively, decreasing again in 

November to 250.00±43.72 (Fig. 5).

Diversity index and richness index are calculated 

by using the number of species and individuals; 

hence the changing patterns of the two indices were 

similar to that of the species and the individual 

number. Diversity indices were 2.67 in February and 

3.03 in March 2006. It decreased from April to July 

to 2.47, and then increased again in September to 

3.19 followed by a decrease again. These monthly 

changing patterns from 2007 to 2013 were similar to 

that of 2006 where the diversity index increased from 

March to May and decreased after that showing lower 

diversity indices in July and August. It increased 

again in September and in October. Change of 
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Fig. 7. Monthly change patterns during the study period with correlations between diversity and water temperature, and 
diversity and precipitation.

richness index was very similar to that of diversity 

index and showed a falling tendency around February 

and July, followed by a rising tendency around May 

and October (Fig. 6).

The mean of the monthly diversity indices was 

calculated for 8 years to better understand the 

monthly community changing patterns. The result 

showed 4 changing patterns and seasonal influence 

was reflected in them. During the spring season, 

which was from February to May, the diversity and 

richness were 2.24±0.21 and 3.86±0.53, with a mean 

of 2.99±0.15 and 6.20±0.80, respectively. The second 

seasonal pattern, summer, was from May to August 

during which time the diversity and richness 

decreased with the mean indices of August being 

2.64±0.13 and 4.71 ±0.63, respectively. The third 

seasonal pattern, autumn, was from August to 

October during which time the reduced diversity and 

richness indices increased with the mean indices of 

October being 3.01±0.07 and 6.65±0.83, respectively, 

the highest values of the year. The fourth seasonal 

pattern, winter, was seen after October with 

biodiversity and richness being 2.67±0.20 and 

5.09±0.93, respectively, decreasing from the previous 

season.

3.4. Correlation and regression analyses

Regular changing pattern in the species diversity 

of benthic macroinvertebrates showed seasonal 

tendency. Diversity index was generally increased in 

May and October and decreased around February and 

July. Among several environmental factors, the 

changes in water temperature and precipitation were 

compared to that of diversity, as these two factors 

were regarded as directly related to the survival of 

benthic macroinvertebrates. The change in monthly 

water temperature showed regular seasonal patterns 
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Environmental Factor Spring Summer Autumn Winter

Water temperature (℃) 0.603** -0.270 -0.453* 0.503*

Precipitation (㎜) 0.271 -0.379* -0.456* -0.329

pH 0.256 0.478* 0.239 -0.097

DO (㎎/ℓ) 0.010 0.331* 0.318 0.008

EC (㎲/㎝) -0.238 -0.193 -0.072 -0.113

SS (㎎/ℓ) 0.387* 0.517* -0.050 0.072

*p < 0.05, **p < 0.01 indicates a significant difference between species diversity index and environmental factors

Table 2. Correlation values between species diversity index and environmental factors

every year. The diversity value showed a counter 

trend to water temperature, especially in summer, 

although the life cycle of benthic macroinvertebrates 

was closely related to this season. The changes in the 

monthly precipitation had similar patterns each year, 

showing distinct seasonal tendency, with average 

rainfall recorded over 400 in July. Distinct 

reduction in the biodiversity was mostly seen in the 

rainy months from June to August. However, the 

biodiversity did not decrease in July and August 2008 

with less than 250 of average rainfall, which was 

lower than other summer months (Fig. 7). 

Correlation and regression analyses were done at 

the time of biodiversity change in Upo Wetland in 

order to check the correlation between biodiversity 

changes and each environmental factor.

Species diversity showed significant correlation 

coefficient with most of the studied environmental 

factors by season except EC. Water temperature 

showed very significant positive correlation with 

species diversity in spring, and gave significant 

indices in autumn and winter. Precipitation showed a 

significantly negative correlation value in summer 

and autumn. pH, DO and SS showed a significantly 

positive correlation value in summer, while EC had a 

negative and insignificant value through the whole 

season (Table 2).

Linear regression analysis was done and several 

seasonally significant environmental factors were 

observed. In spring, species diversity increased and 

had a distinct positive correlation with water 

temperature (r=0.603, p 0.01) and SS (r=0.387, p

0.05). In summer, species diversity decreased and 

the biodiversity showed a positive correlation with 

pH (r=0.478, p 0.05) and SS (r=0.405, p 0.05), 

and showed a negative correlation with precipitation 

(r=-0.379, p 0.05). In autumn, species diversity had 

recovered with a negative correlation with water 

temperature (r=-0.453, p 0.05) and precipitation 

(r=-0.456, p 0.05). In winter, species diversity 

reduced again, and the diversity showed positive 

correlation with water temperature (r=0.503, p 0.05) 

only. Hence, species diversity was closely correlated 

with water temperature in spring and winter when the 

biodiversity increased. However, precipitation was 

most closely correlated with biodiversity in summer 

and autumn (Fig. 8). 

4. Discussion

The characteristic of monthly community changes 

on benthic macroinvertebrates was observed, and the 

correlation in the diversity changes with environ 

-mental factors was found in the present study. The 

total collected benthic macroinvertebrates were 3 phyla, 

6 classes, 17 orders, 68 families, and 176 species. 
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Fig. 8. Scatter plots between species diversity index and major environmental factors in: (A) Spring, (B) Summer, (C) 
Autumn, (D) Winter.

Among them, 68 species were reported for the first 

time in Upo Wetland in comparison with other faunal 

studies(Bae et al., 2004; Lee et al., 2011; Yoon et al., 

1989). Ephemeroptera, Plecoptera, and Trichoptera 

made up a small percentage of the total species 

collected, while Odonata, Hemiptera, Coleoptera and 

Diptera, which are the representative orders in 

stagnant wetlands, made up a significantly higher 

percentage.

The changes in species number and individual 

number show seasonal property with changing 

patterns in the diversity and richness indices. The 

indices increased in spring, decreased in summer, 

recovered in autumn and decreased again in winter. 

These changing patterns seem to be influenced by 

Insecta with the highest percent composition among 

benthic macroinvertebrates together with the 

environmental factors. The diversity index was high 

in spring due to the high species diversity of insects. 

The main environmental factors affecting the 

survival and distribution of benthic macroinvertebrates 

have been known as light, water temperature, 

structure of riverbed, water level change by 

precipitation, water flow and dissolved oxygen, etc. 

(Allan, 1995; Ward, 1992). In the current study, 

species diversity showed a significantly negative 

correlation with precipitation from May to August. In 

connection with this information, the rise of 

precipitation means the elevation of water levels, and 

Valdovinos et al.(2007) reported that the elevation of 

habitat water level by concentrated heavy rain in 

summer was correlated to the decrease in species 
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diversity and similar results have been obtained in the 

present study, as well.

Thus, it could be concluded that changes in 

precipitation directly affected the distribution of 

benthic macroinvertebrates living in the Upo Wetlands. 

Benthic macroinvertebrates in stagnant ecosystems 

are rich in littoral zone. However, frequent changes in 

water level by heavy rain caused negative effects on 

the survival of benthic macroinvertebrates. Moreover, 

species number and individual number could suffer 

losses by the elevation of water level caused by 

precipitation increment, and by the flow rate increment 

after heavy rain. However, aquatic insects emerge 

into imago in the rainy season and early larvae could 

dominate at this time. In addition, the vegetation 

around wetlands, food source, and also the habitat of 

aquatic insects would be reduced in the rainy season, 

thus, the reduction in vegetal resources would 

negatively affect the number of species and 

individuals of benthic macroinvertebrates. 

The decrease in species diversity in summer was 

not seen in Sajipo because it was less affected by the 

precipitation. Species diversity of Upo is more 

affected by precipitation than other study sites of Upo 

Wetland during heavy rain because the increase in 

water level and flooding are caused by water 

overflow and backward flow due its low altitude. 

However, Sajipo is located at an upper region with a 

water bank and a drainage pump for controlling water 

level between Upo and Sajipo, therefore, it was less 

prone to flooding. 

The present climate has seen unprecedented rise in 

temperature and this seems to affect the life of 

animals and plants(Hassal and Thompson, 2008). The 

monthly community change patterns of benthic 

macroinvertebrates in the Upo Wetland in the present 

study could be utilized as an important basic data for 

an ecological study associated with climate change. 

According to the statistics of Korea’s national 

weather center, the summer precipitation in 2000 in 

Korea has increased by 29% compared to that in 

1970. This has been attributed to the frequent heavy 

rain and the gradual rise in temperature in spring by 

Korea’s National Weather Center. If this trend 

continues for much longer, the diversity of benthic 

macroinvertebrates community in the future in Upo 

Wetland could be lower than the present level. The 

time of growth and activity are also changed by the 

gradual rise of temperature in spring, consequently 

moving the time for higher diversity forward. The 

more data collected through long-term ecological 

monitoring, the more definite and clearer prediction 

in the changes at the community level could be 

possible. The effect of climate change on biotic 

community structure has been studied for over 

ten years by many ecologists(Hassall et al., 2007; 

Parmesan, 2007; Roy and Asher, 2003). However, we 

tried to explain the relationship between benthic 

macroinvertebrates and climate change with long- 

term study in wetlands. The community changes of 

benthic macroinvertebrates in the Upo Wetland 

would be consistently monitored in the future as well, 

and it would be possible to get useful data on the 

effect of environmental changes including climate 

change on biotic community.

5. Conclusion

The characteristic of monthly community changes 

on benthic macroinvertebrates of Upo Wetland was 

observed in the present study. Also, the correlation in 

the diversity changes with environmental factors was 

found. 80 quantitative sampling from February 2006 

to November 2013 were carried out to evaluate the 

community change of benthic macroinvertebrates, 

and total collected taxa were 3 phyla, 6 classes, 17 

orders, 68 families, and 176 species. Among them 

Odonata, Hemiptera, Coleoptera and Diptera showed 

much higher percentage than EPT group, and 68 

species were reported for the first time in Upo 
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Wetland. Several biotic indices were calculated only 

with quantitative data in the current study. Among 

the biotic indices, species diversity showed a 

significantly negative correlation with precipitation 

because frequent changes in water level by heavy 

rain have negative effects on the survival of benthic 

macroinvertebrates. Similarly, species number and 

individual number could suffer losses by the 

elevation of water level caused by precipitation 

increment, and by the flow rate increment after heavy 

rain. Therefore, it could be concluded that changes in 

precipitation directly affected the distribution of 

benthic macroinvertebrates living in Upo Wetlands.
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