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ABSTRACT

There are 7 classes, 17 orders, and 141 species of benthic macroinvertebrates at the 5 study sites
from Feb. '91 to May, '92. Total species frequency number has less variations among sites than
seasonal changes. Not considering seasonal changes this indicates that there are some influences
from outside pollution sources. Seasonally, Ortho chadiinae sp. 2 take 21.2% share of total
species. It was the dominant species in Feb. 91. With total average level Ephemeroptera take 51.
3% of total species as first dominant species, Diptera 27.8% as second dominant species and
Trichoptera 16.7% as third dominant species. Through these biological indexes, they appear to
have unstable living environments in summer at sites 1 and 5. One can see that site 1 is more
poliuted than site 3 because site 1 has more pollution sources such as pastures and recreation

areas.
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INTRODUCTION

There have been numerous reports that indicate
close relationships between the changes in human
habitats, natural ecosystems and an increase in hu-
man populations.

The freshwater ecosystems would be the most sen-
sitive to environmental changes caused by human
factors among natural ecosystems (Davis 1973). The
community of freshwater ecosystems consist of algae,
aquatic plants, fish, insects, crustacea, etc. Among
them, benthic macroinvertebrates, serving as primary
or secondary consumers in freshwater ecosystems, be-

came food sources for the higher animals such as the
fish. They also are very valuable in evaluating en-
vironmental conditions because they tend to react
sensitively to the influences of a foreign substance
coming into water and select the most favorable
locations to survive. The majority of benthic macro-
invertebrates are aquatic insects. They tend to live in
limited areas and are easy to collect quantitatively. It
is why they have been used successfully in ecological
studies (Hilsenhoff 1987, Quinn and Christoper 1990).
Aquatic insects have been used effectively as biologi-
cal indicators to determine environmental conditions
of stream ecology (Hynes 1960, Wilhm 1972). They
are very sensitive to the environmental changes and
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show definite different endurance ranges to the cha-
nges depending upon species.

In Korea, several reports indicate that the structure
of benthic macroinvertebrate communities have been
studied since the late 1960’s. Many scholars have
tried to determine waler quality biologically by means
of analyzing the benthic macroinvertebrate com-
munity. They have fully studied them in most major
rivers throughout the southern part of the Korean
peninsula as well as most islands, including Cheju
island. There are several reports that have studied
benthic macroinvertebrates in the Han river including
tributaries (Yoon er al. 1985, Kim et al. 1979, Yoon
et al. 1989, Yoon et al. 1990, Yoon e al. 1993).

It is our intention to supply basic data to under-
stand stream ecology by means of analyzing the
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Fig. 1. The map of studied area from the upper
stream of Mt. Yongmoon during Feb. 1991-May. 1992.
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community and to study the effects of seasonal and
physicochemical factors to the community of Yong-
moonchun.

MATERIAL AND METHODS

Site description

This study was carried out from Feb. 1991 to
May. 1992 with 6 field trips as follows: Feb. 9. 1991,
July 14, 1991, Sept. 20, 1991, Dec. 1, 1991, Mar. 22,
1992, and May 17, 1992. Five sampling sites were
chosen from the upper stream of Yongmoon Temple
to down towards Yongmoon Train Station.

Site 1 : Most of the upper creek located at | Km
down from Yongmoon Temple. One side has a little
rolling hill and the other side has around 3 m bank
with a slight slope. Sometimes both sides lie under a
shade because of the heavy brushes. A near by farm
is suspected to be a source of contamination es-
pecially when people visit heavily. In the creek, there
are large rocks standing above the water surface and
lots of big pebbles in creek beds change heavily
depending upon water volumes. The creek has a
width of approximately 10~20 m, length of 6~7.5 m
and depth of 20~43 c¢m. The deepest point is 1.5 m
and the water flows fast with 1.2 m/sec. velocity.

Site 2 : Located at 2.5 Km down from site 1 the
creek has a width of 25~33 m and length of 12~20
m. The lowest water depth is 15~26 cm and the
slowest velocity 0.4~0.6 m/sec. among the sites. One
side has a road with light traffic, and the other side
has a rice paddie fully exposed to the environment.
Creek beds consist mainly of large gravels and sand.
There is no differences among sites in depth.
Mesogasropoda and Basommatophora are dominant
species and there are not much seasonal changes of
creek bed structures. The phenomena of slow water
velocity is due 1o the rocks and gravels of upper
creek.

Site 3 : Placed at the point 70 m from the main
gate of Chohoyn Elementary school, there are rice
paddie on both sides at a to degree angle. Sewer
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lines are connected to the houses at 40 m from the
upper creek sampling sites. Water velocity is 0.6
m/sec, and water volume does not show much
differences seasonally. Small gravels are main part of
the water bed and lots of rocks, 30~350 ¢cm in diam-
eter, are scattered 10 m from the upper creek down
to the sampling site. The creek had a depth of 17.
5~36 cm and a width of 6.7~11.4 m at the last
field trip. It showed high turbidity due to rice
seedlings transfered to rice pads. There are lots of
small gravel sliding down to the lower places due to
several rainfalls. Water volumes are increased in
whole with no differences at slow-flowing points.

Site 4 : Located at 150 m down from the junction
of site 2 and 3. Both sides of creeks have banks sur-
rounded by open environments. There are lots of
weeds and shrubs growing on the creek beds with no
water flows. Creek shows 50~120 cm in water depth
from the junction to 50 m down from the point.
Water and gravel hit each other down to 40 m from
the junction. Creek 1s 40 m wide, 6.3~153 m at
length and 23.5~36 cm in depth. In general, there
are different water velocities due to different channel
widths. Sampling sites are chosen at the fastest
flowing point in velocity (1.2 m/sec.) and the lowest
point in depth. This is applied to all sampling sites.

Site 5 : One side has hills, 100 m in height, and
the other side has a rice paddy. There is a bridge at
150 m upstream from sampling site and a training
camp at 200 m also from the site. Creek has a width
of 50~70 m, length of 5~20 m and a depth of 19.
5~33 cm. Water bed mainly consists of gravel and
some rocks: 50~120 cm diameter and they are ex-
posed above water level. 7~8 m downstream from
the sampling site shows 100~150 ¢m in depth. From
20 m downstream, waterway becomes wider with
40~60 m in width and 30~50 cm in depth.

Methods
Sampling are carried out quantitatively as well as

qualitatively. A hand net was used for qualitative
samplings and a Suber net (50 X 50 cm) was used for
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quantitative samplings. The sampling was done two
times at cach site. Collected benthic macroinver-
tebrates were fixed with Kahle’s Fluid (Edmund,
1976) in the field. Samples were moved to the lab-
oratory and sorted qualitatively using lmm sieve and
preserved in 80% alcohol. Fixed samples were sorted
and counted. Environmental factors such as water
temperature. pH, conductivity and dissolved oxygen
(DO) were measured with Horiba water check U-7 in
the creek.

RESULTS AND DISCUSSIONS
Environmental variables

Water temperatures show 0.8~26.1C during the
study. Temperatures do not differ among sites in the
winter, but it was rising higher toward the lower part
of the creeck during the summer. pH ranges were 5.
2~7.6 and showed little differences among the sites.
The significant pH difference were between site 3
{(pH=5.2) and site 1 (pH=7.6) in March. DO ranges
were 8.0~16.0 ppm at all sites during experimental
periods. Site 1 shows the highest at 16.0 in Dec., 91
and the lowest DO at 8.1 in Mar. '92. Even if DO
is influenced by water temperature, these results indi-
cate that the affects of pollution sources were varying
by the seasonal changes, because site 1 is located at
next o a recreational ground.

Benthic community

The benthic macroinvertebrates showed are 7 cla-
sses, 17 orders and 141 species during the study.
These consists 2 species of Nematoda, | species of
Planaria, | species of Oligochaeta, 2 species of Hiru-
dinea, 3 species of Gastropoda, 1 species of Crus-
tacea and 131 species of Insecta. The Insectas were
classified as follows:

- Order Ephemeroptera @ 9 family, 20 genus, 34
species
- Order Trichoptera 12 family, 19 genus, 31

species



464

Table 1. Environmental variables (water temperature, pH, dissolved oxygen)
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Ltem SiteMonth 1991 Feb, 1991 July. 1991 Sep. 1991 Dec. 1992 Mar. 1992 May
- 1 15 180 19.8 55 102 40
2 o8 25.4 B0 59 133 147
wT 3% 20 232  2L7 60 124 138
411 24 198 44 63 134
5 11 51 187 35 59 135
- 6.1 6.1 6.2 58 16 61
2 62 62 61 61 72 62
pH 3 62 61 61 61 52 62
e 63 62 64 62 68 61
5 6.2 60 63 62 65 58
1 57 14 8l O 91 96
> 124 121 11 137 109 9.6
DO 3 12,5 13.5 92 132 123 101
4 s 47 01 12.4 125 105
5 132 06 98 146 80 103

- Order Diptera :
(Except family Chironomidae)

8 family, 12 genus, 29species
- Order Coleoptera : 4 family, 12 genus, 13 species
- Order Plecoptera : 6 family, 9 genus, 10 species
- Order Odonata : 4 family, 8 genus, 9 species

- Order Megaloptera @ 1 family, 2 genus, 2 species
- Order Lepidoptera : | family, 2 genus, 2 species

- Order Hemiptera : 1 family, | genus, 1 species
Seasonal changes of community structure

Total abundance of benthic community was highest
in Dec. 1991 with 85 species and the least in July
with 56 species. The total number of species checked
show the most abundant at site 2 with 99 species
and the poorest at sites 1 and 5 with 81 species.
This indicates that there is not much difference in
environmental conditions along the experimental sites,
because species frequency number shows little differ-
ence among the sites. In terms of main creek’s
flowing direction, the total species frequency number
decreased gradually except in site 1. Since sites 1 and
5 showed the same frequency number, this indicated
that some pollutants were able to spill into the creek

because of its location next to Mt. Yong Moon’s rec-
reation area. This group of classified organisms show
a typical model of mountainous creeks that mainly
consist of insects. While Ephemeroptera appeared
evenly throughout all the sites, Trichoptera, Odonata
and Diptera showed a high frequency number com-
pared to other species at sites 2 and 3. This is be-
cause of the decreasing water velocity.

The seasonal change in number of species show
large increases in fall than in spring. The total num-
ber of species increasing gradually during July, Sept.
and Dec. in 1991. This indicates that heavy rainfalls
the
influencing them. Decrease in species frequency num-
ber in July and Sept. in 1991 should be influenced

by artificial factors such as pollutants from recreation

and leisure seasons are important factors

areas, animal farms, and heavy rainfalls. Fig. 2 shows
the composition of species frequency number during
the experimental period at all sites of Mt. Yong
Moon Creek. The general phenomenon is to have a
high frequency number of Ephemeroptera (24.1%)
and Trichoptera (22.0%) in the creek. This indicates
pollution sources in the creek because Plecoptera has
lower composition percentage(7.1%) than Diptera (20.
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Ephemeroptera (24.1%)

Plecoptera (7.1%)

Coleoptera (2.2%)
Trichoptera (22.0%)

Fig. 2. Composition of species frequency number of
major benthic macroinvertebrate taxa in the upper
stream of Mt, Yongmun during February. 1991-May.
1992.

6%) and Coleoptera (9.2%). In fact, upper part of
the creek is connected with Mt. Yong Moon’s rec-
reational area. Fig. 3 discloses the total number of
main species at all experimental sites. While Ephe-
meroptera was counted evenly at all sites, Tricho-
ptera and Diptera showed a high frequency number
at site 2 and a low one at site 5. This indicates the
unique characteristics of the area.

Calculations based on the number of species

There are wide ranges of abundance numbers such
as 6,256 organisms/0.5 m2? at site | and 10,225
organisms (0.5 m? at site 4 which is at conjunction
of 2 creeks. Seasonally, wintertime and flooding time
have a low abundance and Spring and Fall have a
relatively high abundance number. The total number
of organisms counted at all sites is 41,920 orga-
nisms /0.5 m? and average abundance number is 8,
384 organisms/0.5 m2. Among them, the compo-
sition of Ephemeroptera is 51.3%, Diptera 27.8%
and Trichoptera 16.7%. Contrary to the typical mo-
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Fig. 3. Site variation of major taxa at Yongmoon-
chun during the study period.
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untainous creek model, Diptera shows a high abun-
dance number through all experimental sites. Site 1,
located at the upper creek, shows a high abundance
number of Diptera and Gastropoda which suggests
the possibility of an influx of organic pollutants (Fig.
4). Epeorus kibunensis, Serratella rufa, Epeorus lati-

folium of Ephemeroptera, Hydropsyche KUb, Hydro-

psyche KUe of Trichoptera and Ortho chadiinae sp.
2, Chironomus sp. 1 of Diptera were counted more
than other species with 2,000 organisms/0.5 m2, With
seasonal variation of species abundance number,
Ephemeroptera started to increase in number from
July before gradually increasing it’'s number with a
significant increase after Dec. Diptera shows a drastic
difference in abundance number between July peaking
in Mar. Trichoptera shows a drastic decrease in July
before gradually increasing its number between July
and Sept., with the highest increase in Mar. If one
disregards the seasonal changes with life cycle in Mt.
Yong Moon Creek, it shows possibilities for improve-
ment of water quality. This is because of the pol-
lution resisting species have increased in early 91,
with the number of non-resisting group increasing

[ .
T i

Ephemeroptera (51.3%)

Fig. 4. Abundance (No. /0.5 m?) of major taxa from
the Yongmoonchun.
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Fig. 5. Abundance(No. /0.5 m?) of major taxa from
the upper stream of Mt. Yongmun during February,
1991-May.1992.
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after mid "91 (Fig. 5).
Variation of dominant species

Table 1 shows the seasonal percentage of dominant
species shared at each experimental site. In Feb. 1991,
Chironomidae become the Ist dominant species at
four locations and second dominant species at three
While Chironomidae became dominant
species at 1 location in Sept. 91 and Mar. '92,

Ephemeroptera dominated over others in July, 91 and

locations.

May, 92 (Table 2). Chironornidae was largely made
up with Ortho chadiinae sp. 2 and Ephemeroptera
was composed with E. kibunensis and S. rufa as main

Table 2. Percent abundance of dominant species at each site
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species. It indicates that these species have broader
endurance ranges against pollutants than others in
that  Ortho

chadiinae sp. 2 habitats in the area with little pol-

each family. Particularly, it reaffirms
lution, E. kibunensis and S. rufa live relatively in less
polluted area.

Following sampling sites, Diptera appeared as the
dominant species at sites | and 2 and Ephemeroptera
at sites 3, 4 and 5. Analyzing monthly calculations,
Ephemeroptera is the dominant species all year long
except in Feb. with Diptera being dominant (Table
3). With those results, it seems that site 1 was more
polluted than sites downstream. When examining

changes of dominant species, Diptera shows higher

Dommant spec1es

Month Site First D. S (%) Second D S (%)
1(Sinjomni) Ortho chadiinae sp.2 66.6 Tanypodmae sp. 2 12.3

01 2(Ochonni) Ephemerella keijoensis 17.7 E. latifolium 16.1
Feb 3(Chohydnni) Chironomus sp.1 21.1 E. latifolium 17.9
' 4{Chohyonni) Ortho chadiinae sp.2 69.2 Tanypodinae sp.2 13.1
5(Dukchonm) Ortho chadlmae - Sp. 2 34.8 Ortho chadnnae sp.4 7.2
1(Slr1J0mru) E. latz/o/lum 29.4 Baetm nla 20.2

9] 2(Ochonni) B. nla 20.9 E. latifolium 17.8
July 3(Chohyonni) B. nla 13.9 E. latifolium 12.8
4{Chohyonni) E. latifolium 29.4 E. kibunensis 15.1
5(Dukchonni) E. kibunensis 37.3 E. latifolium 17.9
1(Sinjomni) E. kibunensis 14.4 E. lar:/olmm 19.7

91 Z(Ochonrvli) Chironomus sp.1 24.8 E. kibunensis 18.1
Sep 3(Chohyonni) E. kibunensis 53.1 Chironomus sp. 1 10.5
’ 4(Chohyonni) E. kibunensis 24.3 Hydropsyche KUb 16.9
5(Dukchonni) E. kibunensis 43.6 C. sp.l 12.3
1(Sinjomni) Ortho chadiinae sp.1 65.4 R. a. coreana 11.2

01 2(Ochonni) Serratella. rufa 29.7 C. castanea 10.3
Dec 3(Chohyonni) S. rufa 27.7 H. KUe 18.2
' 4{Chohyonni) S. rufa 23.6 H. KUb 10.5
5(Dukchonni) E. latzfoltum 30.3 E. kibunensis 18.0
1(Sinjomni) Ortho chadiinae sp. 2 47.6 C. sp. 316

90 2(Ochonni) E. voshidae 22.2 C. sp.l 21.8
Mar 3(Chohyonni) S. rufa 28.2 C.sp.l 11.8
4(Chohyonni) S. rufa 29.5 H. KUe 16.7
5(Dukchonni) E. latifolium 18.5 E. kibunensis 18.4
1{Sinjomni) E. kibunensis 27.9 Ortho chadiinae Sp 2 17.8

99 2(OChonI}i) E. kibunensis 35.3 B. nlu 11.6
May 3(Chohyonni) E. kibunensis 26.0 S. rufa 19.7
4(Chohyonni) E. kibunensis 50.6 B. nla 16.7
(Dukchonnl) E. kibunensis 56.4 C.sp.l 15.6
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Table 3. Dominant benthic macroinvetebrates as situal and annual average level
Site average Annual average
Site Dominant species Occupying (%) Dates Dominant species Occupying(%)
1 Ortho chadiinae sp. 2 20.3 Feb. Ortho chadiinae sp. 2 21.2
2 C.sp. 1 13.6 ! Jul. E. latifolium 9.3
3 S. rufa 20.3 I Sep. E. kibunensis 9.3
4 S. rufa 17.7 E Dec. S. rufa 7.3
5 E. kibunensis 24.2 | Mar, S. rufa 7.1
k May E. kibunensis 10.3
occupying percentage than Ka--pyong Chun
i 0.9
(Yoon et al. 1990) which means that the whole creek ——
is influenced by pollutants. There are no sampling 0.84+—3 i'fi‘
sites where Diptera became a dominant species in \ //\ . Site 2
July and Dec. This could have resulted from heavy o7 \ / \ Site 3
rainfall in the summer and decreasing polluted water 06 A St 4
volume in Dec. Following seasonal variations of 8 A ——
dominant species, there is a greater possibility in 92 0.5 Stte 5
to improve the water quality of the creek than in 04
SN
0-3 V
Variation of biological indexes 02
“ Feb. Jul  Sep. Dec. Mar. May
Months

In terms of monthly average, the seasonal domi-
nant indexes of each site is highest in Feb. 91 and
lowest in Mar. '92. Also, site 5 shows the highest
site 4 the When
comparing among the sites, Fig. 6 shows the changes

dominant index and lowest.
of the seasonal dominant indexes at each site. The
seasonal dominant index varies with large differences
at each sites. The dominace index appears the highest
in Mar. at site S, Feb. at site 4, Sept. at site 3, May
at site 2 and Feb. at site 1. Drawing the graph as a
whole, sites 1 and 4 have the most variation of di-
versity index and dominace index. With these results,
sites 1 and 4 indicate an overgrowth of specific
species due to bad environmental conditions. These
also show the same results by means of physi-
cochemical study. The monthly richness index came
up from 6.71 to 9.17 and from 8.74 to 10.92 among
study sites.

Fig. 7 shows the seasonal richness index at each
sites. Sites 1 and 2 have the widest range of index

numbers and the others are limited within from 3.63

Fig. 6. Seasonal variation of dominant index(DI) at
each sites,
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Fig. 7. Seasonal variation of richness index(RI) at
each sites,

to 591 range. Diversity index at all sites show be-
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tween 2.35 and 2.88 by scasonal bases and between
2.77 and 2.92 by experimental sites. The whole pic-
ture shows wide range of differences such as 1.23 at
site 1 in Feb. 91 and 2.81 at site 3 in July, '91.
When analyzing seasonal variations at each exper-
imental site, there are some environmental changes of
living conditions during study periods at sites 1 and
4. This is because of large differences of diversity in-
dex. Especially, site 1 has the possibility of being
influenced by the direct influx of pollutants or en-
vironmental changes of living conditions (Fig. 8). One
can see the ecological stability of benthic macroinver-
tebrates in winter or early spring time because of the
high diversity index in Dec. and Mar. Evenness index
shows from 0.57 to 0.67 by seasonal bases and from
0.63 to 0.70 by monthly bases. Since sites 1 and 4
showed the widest seasonal changes in evenness index
as well as diversity index. There seems to be a high
correlation between 2 index (Fig. 9).

Human and water pollution

Table 4 shows the number of houscholds, popu-
lation, restaurants, motel, pastures and live stock
which could influence the water quality of Mt. Yong
Moon Creek. Since Mt. Yong Moon is a popular re-
sort area, the upper part of the creek shares the

Feb. Jul S'ep, Dec. Mar. M'ay
Months

Fig. 8. Seasonal variation of diversity index (H') at
each sites.
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Fig. 9. Seasonal variation of evenness index (EI) at
each sites.

most part of households and population and the
lower part has the most pastures and live stock. Es-
pecially, restaurants, motels and recreational facilities
are located densely at the upper part of the creek.
In general, the trend is to have a considerable in-
crease of tourists and cars, The most increased
amount of tourists were in Oct. and May and the
least in Dec.

Comparing tourist number and biological indexes,
it takes certain period of time (about a month or
less) to get influences of biological indexes after the
tourist have increased. When combining the biologi-
cal indexes with physicochemical factors, it appears
to take a lot shorter time to influence biological in-
dexes than biological indexes itself. Particularly,
water quality becomes more deteriorated following
rising temperature and it indicates acceleration of
down turn curve on the graph due to the greatest
increase of tourist number in Oct. While DO was a
relatively high at most sites in Dec., site 1 had the
highest diversity indexes, which is standard in classi-
fying water quality in Dec., site 2 having higher
number than site 1 in general. Despite an increase
of poltutants in the summer, it has a high diversity
indexes. This indicates that pollutants are flushed
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Table 4. Source of pollution in the Yongmoonchun
Livestock
Site Household Population Restaurants Motel Pastures -
Hog Cartle
1 185 621 27 3 0 45
2 55 209 2 2 0 48
3 23 9 0 0 15 3
4 102 350 2 4 165 103
5 106 376 5 14 75 34

down to the lower part of the creek due to heavy
rainfail and that low diversity indexes in the drying
season is due to less rainfall. Therefore, it is
concluded that site 1 is the most polluted among all
study sites.

SEA AR ZAMIA EE A gy F3F
ZE5o| FEFLE S 774 172 141EoZ Jehdt
T 2ETFY AEN WEe HUoh AEEEE AF
I HEET & HElE R o] AHEZE A4
73 e vsEhg AR s Zolz) Holi gle
B2 9fRo oo Jks e oz B 5 9y

A 2AF A F ANAFEEFL 41,920707/0.5m?2
olx Hit JWArHEELE 8384704)/0.5m? o] o] F
oA Aol FIE $HEE HERE 40,934704)/0.
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