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Ecosystem Health Assessments of Changwon Stream

as a Preliminary Diagnosis for Aquatic Ecosystem Restoration

Han, Jung-Ho, Dae-Yeul Bae and Kwang-Guk An*
(School of Bioscience and Biotechnology, Chungnam National University, Daejeon 305-764, Korea)

In this study, we applied 10-metric health assessment model, based on the Index of
Biological Integrity (IBI) during 2006 in the Changwon Stream, which is located in
the Changwon city, Gyeongnam province, S. Korea, and then compared with water
quality data. The Index of Biological Integrity (IBI) in the Changwon Stream varied
from 18 to 38 in the watershed depending on the sampling location and averaged
30.3 (n=6) during the study. Analysis of tolerance guilds showed that the proportion
of sensitive species was 13%, but tolerant and intermediate species were 34% and
53%, respectively. Qualitative Habitat Evaluation Index (QHEI) averaged 43.3 (range:
65-104, n=6) indicating non-supporting condition, based on the criteria of U.S. EPA
(1993). Values of QHEI showed a typical longitudinal decreases from the headwater
reach to the downstream location, except for Site 1 with a low QHEI value by artifi-
cial habitat by concrete construction. Minimum QHEI was found in Site 4 where fish
diversity was minimal. Conductivity increased continuously along the gradients and
especially showed abrupt increases in the downstream sites along with turbidity.
Stream ecosystem health of IBI matched to the values of QHEI except for S6. Low
IBI values in the sites 4 and 5 was considered to be a result of combined effects of
chemical pollutions and habitat degradations. Our results support the hypotheses of
Plafkin ef al. (1989) that physical habitat quality directly influences the trophic struc-
ture and species richness, and is closely associated with IBI values.

Key words : ecosystem health, biological integrity, QHEI, ecosystem restoration, water
quality

INTRODUCTION

Rapid urbanization and wide spread of land
utilization close to the city in S. Korea have caus-
ed the degradation of ecological health in stream
watershed. Especially, streams nearby the metro-
politan city hardly maintain their ecological
health because of physico-chemical degradations
in company with habitat deteriorations such as
artificial changes of stream embeddedness and
bank construction with concretes. Various biolo-
gical assessments and monitoring methods, based
on multi-metric approaches using various bio-

indicators, have been developed in order to pre-
vent these degradations and protect the environ-
mental health.

Recently, new evaluation methodology using
bioindicators are widely introduced to assess the
integrative aquatic health, not just with chemi-
cal assessment of water quality and also habitat
evaluation methods to monitor physical degrada-
tion of stream itself (Barbour et al., 1999; U.S.
EPA, 2002). Such approaches, thus, have been
adapted to various types of aquatic environments
to recover and restore their ecological functions
in the watershed (Woo and Kim, 2000; MEK,
2004, 2005; An and Kim, 2005). Especially, multi
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-metric assessments using fish assemblages amo-
ng the various biota reflect not only chemical
water quality in stream but the status of physi-
cal habitat. In addition, the assessments reflects
energy flow through the trophic interations and
material cycling in the ecosystem (An et al., 1992;
Lee, 2001) and were sometimes modified by re-
gional climate changes (An, 2000, 2001). Thus,
biological health assessment have been adapted
to many countries and applied as stream manage-
ment tools.

In recent case of S. Korea, health assessments
methodology using biota such as periphyton
(Hwang et al., 2006), macroinvertebrate (Won et
al., 2006) and fish (An et al., 2006) have been
introduced to evaluate the aquatic ecosystem by
Ministry of Environment, S. Korea in 2006. The
ecosystem health assessments in S. Korea using
fish assemblage developed by An et al. (2006) was
originally based on approaches of Karr (1981) and
Barbour et al. (1999). Now, Korean government
started a national monitoring program of stream
ecosystem health assessments in July 2007. This
program may have significant roles to keep clean
aquatic environments and to restore stream heal-
th impacted in the major watershed, S. Korea.
For a successful restoration in watersheds, re-
searches should conduct a comparative analysis
of past and present health conditions of aquatic
environments and also predict the future condi-
tions.

Our study was to determine the ecosystem heal-
th in the six sites of Changwon Stream, which is
supposed to restore the stream ecosystem for
sustainable conservation in 2008. For the study,
we used multi-metric health assessment model,
which was developed by An et al. (2005a) and
calibrated by An et al. (2006). The results of our
study will provide key dataset of stream health
conditions prior to the stream restorations in
terms of physical habitat and biota, and after the
restoration construction, this research also will
act as a important criteria in determining whe-
ther the stream was restored or not.

MATERIALS AND METHODS

1. Descriptions of sampling sites and periods

Studies were conducted at six selected sites in
the Changwon Stream, a warm-water system,
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Fig. 1. Sampling sites in Changwon Stream.

which is located in the Changwon city, Gyeong-
nam province, S. Korea (Fig. 1). Changwon Stream
is merged with Nam Stream near the downstream
reach of 7.5 km from Site 1(S1) and flow out to
Masan Bay.

Fish samples were collected, based on catch per
unit of effort (CPUE; Ohio EPA, 1989), in Sep-
tember 2006 when it was hydrologically stable
conditions, compared to the summer monsoon of
heavy flood. All types of the habitats riffle, run,
and pool reaches were included for the fish sam-
pling. Physical conditions in each sampling site
are summerized as follows: the mean depth and
width in the Site 1 (S1) are 5-10 cm and 3-4 m,
respectively, and epifaunal substrate is mainly
covered with artificial concrete structure. Site 2
(S2) is 15-20 cm in depth, 3-4 m in width, and is
also covered by concrete structures. Site 3 (S3) is
influenced by commercial area and dense resi-
dential area. Site 4 (S4) is merged with Naedong
Stream, which is directly influenced by dense
residential populations and municipal sewage
water. Sites 5 and 6 (S5, S6) is located in the
eastury area with high dark silts in the bottom
and high salts in the water. All sites are located
in the Changwon City, Gyeongnam province, S.
Korea. The detail sampling sites (Site=S) are as
follows;

S1: Enterance of Changwon National Univer-
sity, 9 Sarim-dong

S2: Toechon 3rd bridge, Sarim-dong

S3: Changwon 1st bridge, Banji-dong
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S4: Daewon bridge, Daewon-dong
S5: Youtong bridge, Daewon-dong
S6: Bongam bridge, Sinchon-dong

In addition to the regular sampling, we also
surveyed 30 reference stations, based on the app-
roach of Hughes (1995) and derived maximum
species richness lines (MSRLs) against stream
orders using the dataset. Maps of 1: 15,000 were
used for the selection of candidate reference sta-
tions, and the determination of stream order was
based on the methodology of Strahler (1957). The
MSRLs were determined by empirical methods of
Karr and Dionne (1991) and 1st order regression
analysis of Rankin and Yoder (1999).

2. Sampling methods and sampling gears

At each sampling location, stream distance
sampled was 100 m and the sampling time elaps-
ed was 60 minutes according to the quantitative
sampling method (Barbour et al., 1999). We used
various sampling gears such as electrofishing
method, casting net, and kick net for the fish
sampling. Electrofishing was designed as 12 volt
and 24 ampere (An and Kim, 2005; An et al.,
2005b), and were kept within effective range of
the electrical field by electric stimulus and fish
were immobilized making it possible to pick them
up with long-handled dip net. The mesh sizes of
casting net and kick net were 5 x5 mm and 4 x 4
mm, respectively. The sampling gears were appli-
ed to the all sampling sites, and the fish sam-
plings were conducted toward the upstream direc-
tion. Fish species collected were identified accord-
ing to the methods of species identification (Nel-
son, 1994; Kim and Park, 2002).

3. Model applications of index of biological
integrity and metric determinations

In this study, we adapted 10-metric index of
bioclogical integrity (IBI) which was developed for
regional applications in S. Korea by An et al.
(2006). The metrics (M) were composed of three
major groups such as species richness and com-
position, trophic and tolerance guilds, and fish
abundance and health condition. Trophic guilds
as a energy flow in the food web in the aquatic
ecosystems, were categorized as omnivore, insec-
tivore (or invertevore), carnivore (pisivore), and
herbivore species, but in this IBI model, we used
the metrics of omnivore, insectivore, and carni-

vore species. Also, trophic guilds were divided
into three categories of sensitive, tolerant, and
intermediate species and this classification fol-
lowed the approach of U.S. EPA (1993). Species
richness and compositions were composed of four
metrics such as a number of native species (M),
riffle-benthic species (Mz), number of sensitive
species (M3), and the proportion of tolerant spe-
cies (My4). Trophic compositions were composed of
three metrics including the proportion as a num-
ber of omnivore species (Ms), proportion as a
number of carnivore species (Ms), and the propor-
tion as a number of insectivore species (M7). And
fish abundance and health conditions were com-
posed of three metrics of total number of indivi-
dual (Ms), the proportion as a number of exotic
species (My), and the proportion as a number of
abnormal individuals (Mo). Metric scores of 1, 3,
or 5 were assigned to each of the raw metric val-
ues after the approach of U.S. EPA. These scores
were then summed to obtain a site-specific model
value that ranged from 10 to 50, and four ranks
(Excellent, 46-50; Good, 36-40; Fair, 26-30; Poor,
16-20 and Very poor, < 10) were used for the eval-
uation.

4. Water quality and habitat quality
assessments

In addition to the fish sampling, we measured
water quality such as water temperature, dis-
solved oxygen (DO), pH, conductivity, turbidity,
and salinity using YSI 6600 Model in the field.
Also, we evaluated physical habitat conditions
using a qualitative habitat evaluation Index
(QHEIL; U.S. EPA, 1983; Plafkin et al., 1989) in
the Changwon Stream. Eleven habitat parame-
ters were selected for the assessments of QHEI,
based on the references widely used (Bartholow,
1989). The metrics used for analysis of habitat
quality in the sampling sites of Changwon Stream
are as follows; Mi: substrate/instream cover, Ma:
embeddedness, Mj: flow velocity/depth combina-
tion, M4: bottom scouring and sediment deposi-
tion, Ms: channel flow status, Mg: channel altera-
tion, M7: frequency of riffles or bends, Ms: bank
stability, Mg: bank vegetative protection, Mig:
riparian vegetative zone width, and Mii: dam
construction impact. Each parameter was divided
into four categories of “Excellent (182-220): Ex”,
“Good (128-168): G”, “Fair (66-110): F”, and “Poor
(8-52): P” conditions, based on the eriteria of U.S.
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Fig. 2. Conventional water quality of conductivity, salinity, water temperature, dissolved oxygen (DO), pH, and turbidity

in the sampling sites.

EPA (1983). The health conditions of the habitat
were assessed by sum of scores obtained from the
11 metrics.

RESULTS AND DISCUSSION
1. Physical and chemical conditions

Physico-chemical properties in the Changwon

Stream showed a typical longitudinal gradient
along the axis of the upstream-to-downstream;
conductivity increased continuously along the
gradients and especially showed abrupt increas-
es in the downstream sites of S5 and S6, which
was considered as a nutrient rich estuary ecosy-
stem (Fig. 2a). Salinity was almost same in the
reach of S1-S4, but showed abrupt increases in
S55-36 (Fig. 2b). Water temperature was greatest
in the Site 1(S1) where water volume was mini-
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Fig. 3. Dominant species (*), expressed as a relative abundance, in Changwon Stream.
Table 1. Tolerance guild and trophic guild in Changwon Stream.
Species Tol. G Tro. G Hab. G S1 52 S3 S4 S5 S6
Zacco temminckii SS I 5 46 13
Misgurnus anguillicaudatus TS H 1 6
Rhinogobius brunneus IS I RB 2 12 (] 1
Rhynchocypris oxycephalus SS I 8
Carassius auratus TS (0] 51 1
Mugil cephalus TS H 24 33
Odontobutis interrupta IS C RB 1
Cyprinus carpio TS 0 1
Konosirus punctatus s C 34 176
Pseudorasbora parva TS 0 129
Total number of species 2 4 7 2 2 2
Total number of individual 7 60 214 38 209

Tol. G=Tolerance Guild, Tro. G=Trophic Guild, Hab. G= Habitat Guild, SS=Sensitive Species, IS=Intermediate Species, TS=Tolerant
Species, 0=Omnivore, [=Insectivore, C=Carnivore, H=Herbivore, RB=Riffle-Benthic species

mal in the sampling sites (Fig. 2¢). In the all
sampling sites, concentrations of dissolved oxy-
gen (DO) were>8 mg L' and pH values were
>7.0, implying no impacts of oxygen and pH on
the fish populations in all sites (Fig. 2d, 2e). Tur-
bidity increased continuously from 6.5 NTU at
the Site 1 to 22.8 NTU at the Site 5, which was
maximum, and then declined 11.9 NTU at the
Site 6 (Fig. 2f). We suggest that it caused by con-
flux of Naedong Stream at the site 4, which is
directly influenced by dense residential popula-
tions and municipal sewage water.

2, Fish compositions and tolerance guilds

In the Changwon Stream, total number of spe-
cies sampled was 10 species (9 family) with 550
individuals and varied from 2 to 7 species de-
pending on the sampling sites (Table 1). We could
not compare the fish fauna sampled in this study
with previous data due to no reports, although
some researches of Bae et al. (1979), Bae et al.
(1980), Lee et al. (1981), and Lee et al. (1984)
reported chemical water quality in the stream.
Dominant species in the estuary reach (S6) was
Konosirus punctatus (Family Clupeidae) and in
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Fig. 5. Qualitative Habitat Evaluation Index (QHEI) and their metric analysis.

other reaches, Pseudorasbora parva dominated
(23.5%, 129 individuals) the community (Fig. 3).
Korean endemic species was only one, Odontobu-
tis interrupta among the fishes sampled, while
endanged species and natural monument species
were not observed in the study periods.

Jeon (1980) and Choi ef al. (2000) reported that
richness in the endemic fish species may be a
good barometer for judging the environmental
health and that the numbers decreases rapidly
as stream habitats degradate. These results imply
that water environment of Chongwon Stream
may be impacted by various factors. Especially,
only two species were appeared in the Site 4
where organic matter and nutrient pollution were
severe, as shown in the research of water quality

by Yoon et al. (1998). In fact, analysis of tolerance
guilds showed that the proportion of sensitive
species was 13% (72 individuals), but tolerant
and intermediate species were 34.4% (189 indivi-
duals) and 53% (289 individuals), respectively.
The compositions indicate the dominance of tol-
erant or intermediate species in the stream, indi-
cating an ecological disturbance (Fig. 4). In spite
of the degradations, exotic species were not ob-
served in the all stream sites, indicating no in-
fluence of introduced species such as large-mouth
bass.

3. Physical habitat health

The Qualitative Habitat Evaluation Index
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(QHEI), conducted in the Changwon Stream,
averaged 43.3 (range: 65-104, n=6, Fig. 5), indi-
cating non-supporting condition (rank: IV) of four
ranks, based on the criteria of U.S. EPA (1993).
Values of QHEI showed a typical longitudinal
decreases from the headwater reach to the down-
stream location, except for Site 1 with low QHEI
value. The low QHEI in the headwater site (S1)
was mainly attributed to artificial habitat by
concrete construction, so the vegetation coverage
was very low, compared to other habitats. Maxi-
mum QHEI occurred in the Site 3 (104) and the
minimum value was found in Site 4 where fish
diversity was minimal. Thus, stream ecosystem
health, measured as the Index of Biological Inte-
grity (IBI), matched to the values of QHEI except
for Site 6. In other words, QHEI values in the
Sites 4 and 5 were low, compared to values of
upstream-sites (S1-S2) and also the IBI values
were low, even if the IBI values even lower than
expected by the QHEI values. These results indi-
cate that low IBI values in the Sites 4 and 5 may
be a result of combined effects of chemical pollu-
tions and habitat degradations. Our results sup-

port the hypotheses of Plafkin et al. (1989) that
physical habitat quality directly influences the
trophic structure and species richness, and is
closely associated with IBI values (Table 2).

In the metric analysis of QHEI, the metric of
Mz, as an embeddedness, was 1.4, indicating
severe degradations by sand or silts. Also, the
metric of vegetation coverage showed low values
as shown in the Fig. 5. These characteristics re-
flected high proportions of concrete substrate in
the stream sites, especially 100% in the Site 1
(S1). Overall, each metric values in the all sites
did not greater than 10, indicating a severe degra-
dations of the stream habitat.

4. Stream ecosystem health

The Index of Biological Integrity (IBI) in the
Changwon Stream varied from 18 to 38 in the
watershed depending on the sampling location
and averaged 30.3 (n=6) during the study (Fig. 6).
The ecosystem health was judged as a fair condi-
tion, based on the modified criteria of U.S. EPA
(1993). In this case of fair conditions, generally

Table 2. Qualitative Habitat Evaluation Index (QHEI) at four sampling locations in the Changwon Stream.

Substrate structure

Channel characteristics

Bank characteristics

Site and vegetation coverage and structure QHEI score
(Criteria)
M1 Mz M3 M4 M5 Me M7 Ms M9 MIO Mll
S1 1 1 1 1 3 1 1 0 0 0 6 15(P)
S2 6 6 6 1 3 1 1 0 0 0 1 25 (P)
S3 6 1 8 10 5 3 1 0 0 0 3 37(P)
S4 10 1 6 8 6 5 1 0 0 0 6 43 (P)
S5 6 1 1 8 10 11 1 12 15 0 10 75(F)
S6 3 1 1 6 10 3 1 7 10 10 15 67 (F)

M;=Substrate/Instream cover, My=Embeddedness, M;=Flow velocity/Depth combination, Ms=Bottom scouring & Sediment deposition,
M;s=Channel flow status, Me=Channel alteration, My=Frequency of riffles or bends, Ms=Bank stability, Mo=Bank vegetative protection,
Mio=Riparian vegetative zone width, My;=Dam construction impact

Table 3. The Stream Ecosystem Health Assessments (SEHA), based on the 10 metric models in the Changwon Stream.

Sa‘;‘t’lmg TNS RBS SS TS oS IS cs TNI  XT Al Total
S1 23 13 1) 0(5) 0)  100(5) 0(1) 71)  0(5) 0(5) 34 (II-IID)
S2 43) 23 1(1) 1.670(5) 0(5) 96.67(5) 167(3) 60(3) 0(5) 0(5) 38D
S3 70) 1(1) 23) 87.38(1) 8458(1) 12.62(1) 0(1) 214(5) 0(5) 5.14(1) 24IIL-IV)
S4 2(1) 11 0D 50(1) 50 (1) 50 (5) 01 2(1) 0(G) 50(1) 18(V)
S5 2() 0(1) 0(1) 41381 0(5) 0(1) 5862(5) 58(1) 0(5) 172(1) 22(II-IV)
S6 2(1) 0(1) 0D 0(5) 0(5) 0(1) 84.21(5) 209(5) 0(5) 0(5) 34(II-IID

TNS=Total # of native species, RBS=# of riffle benthic species, SS=# of sensitive species, TS=% individuals as tolerant species, 0S=%
individuals as omnivores, IS=% individuals as native insectivores, CS=% individuals as native carnivores, TNI=Total # of individual,
XT=% individuals as exotics, AI=% individuals with anomalies



534 Han, Jung-Ho, Dae-Yeul Bae and Kwang-Guk An

451

P-vG

m

Stream Ecosystem Health Assessment

S1 S2 S3 S4 S5 S6

EEA Mean metric score

SEHA score
(V)

M; Mp Mg My Ms Mg My Mg My My,

Fig. 6. Stream Ecosystem Health Assessments (SEHA) and their metric analysis.

species are composed of low sensitive species,
high omnivore and tolerant species. This trend in
the species compositions and trophic guilds was
evident in the study. Especially, low IBI values
were found in the Sites 4 and 5 where pollutions
of nutrients and organic matter were severe and
QHEI values were lowest. Thus, the reduced IBI
in the Sites 4 and 5 reflected the chemical degra-
dations and habitat modifications. Ecosystem
health, based on the IBI model of fish, was simi-
lar to the previous studies of urban streams (Kap
Streams, An et al., 2001a) but showed large dif-
ference, compared to a mountainous stream
(Pyungchang River, An et al., 2001b). We believe
that degradation in the ecosystem health is high-
ly associated with habitat conditions and chemi-
cal pollutions, but also, flow volume in the stream
was one of the important factors influencing the
biological health. Each metric analysis showed
that each metric values of M as a number of rif-
fle-benthic species and Ms as a number of sensi-
tive species averaged 1.7 and 1.3, respectively
and this values were minimum compared to other
metric values. This result indicates that the riffle
zone, mainly composed of pebble and grabble,
was not formed or rare in the streams (Table 3).

CONCLUSION

Korean government started a national moni-
toring program in 2007 using the multi-metric
model, applied in this study, for the evaluations
of stream ecosystem health. Qur study may have

significant roles to keep clean the stream envi-
ronments and to restore stream health impacted.
For a successful restoration in the watersheds,
researches should conduct a comparative analy-
sis of past and present health conditions of stream
environments and also predict the future condi-
tions. Recently, USA (Karr and Dionne, 1991)
and many other developed countries including
France (Oberdorff and Hughes, 1992; Oberdorff
and Porcher, 1994), Japan (Koizumi and Matsu-
miya, 1997), and Australia (Harris, 1995) have
adapted the multi-metric model for evaluation of
water environments. Our study determined the
ecosystem health in the six sites of Changwon
Stream, which is supposed to restore the stream
ecosystem for sustainable conservation in 2008.
We believe that this study will provide key data-
set of stream health conditions prior to the stream
restorations in terms of physical habitat and bio-
ta, and will be an important criteria in determin-
ing whether the stream was restored or not.
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