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Abstract – The objectives of this study were to evaluate ﬁsh guild compositions and national river health
using a multi-metric model of the Korean index of biological integrity using ﬁshes (K-IBIF) in four major
Korean watersheds along with water chemistry and habitat quality. Tolerant and omnivore ﬁsh species dominated all the watersheds, and the proportions of tolerance guilds and trophic guilds reﬂected water chemistry
and habitat quality. The number of sensitive species and insectivore species had negative correlations
(r < x 0.42, P < 0.01) with chemical water quality (biological oxygen demand (BOD)), while tolerant species
and omnivore species had positive correlation (r > 0.27, P < 0.05) with BOD values. Physical habit conditions,
based on qualitative habitat evaluation index (QHEI) model, indicated a “good” condition (mean = 68.9;
range = 45–105) in three watersheds, except for the Yeongsan River watershed. Values of QHEI were signiﬁcantly correlated (R2 > 0.4, P < 0.01) with nitrogen and phosphorus levels in all watersheds, suggesting
that habitat degradation is associated with eutrophication. Model values of K-IBIF in the watersheds
averaged 18.2, indicating a “fair” condition, and about 37% of all observations in K-IBIF model values were
judged as a “poor” health condition, indicating severe health impairment. Overall, our data suggest that
degradation of the river health was due to a combined eﬀect of chemical pollution and physical habitat
modiﬁcations. This research provides valuable information on Korean river conservation and restoration in
the future.
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Introduction
The advent of our recent industrial revolution has
taken its toll on the aquatic ecosystem in Korea. Lotic
ecosystems have been subject to both chemical and habitat
degradation (Lee, 2001; Kwon and An, 2006; Lee and
An, 2007; Lee and An, 2010). Across the world similar
environmental degradation has been associated with
reduced species diversity of phytoplankton, zooplankton,
macroinvertebrates, and ﬁshes (Karr et al., 1985a, 1985b),
*Corresponding author: kgan@cnu.ac.kr

increased dominance of pollution-tolerant ﬁsh, frequent
algal blooms (Olguin et al., 2000), extinction of sensitive
species and endemic species (Karr et al., 1985a, Limburg
and Schmidt, 1990), and overall decreased ecological
health of the aquatic ecosystems (Karr et al., 1985a,
1985b; Morley and Karr, 2002).
Developing regionally appropriate quantitative tools
for diagnosing ecosystem health is a pressing need in
Korea. Previously, most degradation was assessed on the
basis of conventional chemical analyses (Yoder, 1991).
Most chemical approaches detect degradation associated
with eutrophication or toxicants, but do not emphasize

Article published by EDP Sciences

S74

J.H. Lee et al.: Ann. Limnol. - Int. J. Lim. 47 (2011) S73–S89

the alterations of the stream environment (Boon, 2000; An
and Lee, 2006). Complex eﬀects arising from channelization, barriers, or altered ﬂow regimes (Fore et al., 1993) are
ignored, hence the need for an integrated approach using
biological, chemical, and physical habitat parameters to
support eﬃcient stream health monitoring and management (Karr, 1981; Gore, 1985; Brookes and Shields, 1996).
Alteration of habitat can signiﬁcantly inﬂuence the
stream biota (Karr et al., 1986). Thus, habitat is directly
related with biological diversity in lotic ecosystems (Raven
et al., 1998). Environmentally advanced countries such as
United States, Canada, and the European Union countries
have been evaluating their physical habitat condition
using various habitat quality indices (HQIs; Binns and
Eiserman, 1979) and the biotic condition index (BCI;
Winget and Mangum, 1979) for over 30 years. Later, the
US Environmental Protection Agency (EPA) developed
a “rapid bioassessment protocol” (RBP; Barbour et al.,
1999) for assessing stream health conditions based on the
originally developed index of biological integrity (IBI) of
Karr (1981), where the concept of the qualitative habitat
evaluation index (QHEI) was introduced by Plafkin et al.
(1989). The key biota used in the RBP are periphyton, as
an indicator of primary producer (Kelly and Whitton,
1995; Kelly et al., 1998; Barbour et al., 1999; US EPA,
2002), macroinvertebrates as an indicator of primary
consumers (Plafkin et al., 1989; Barbour et al., 1999), and
ﬁsh as an indicator of primary and secondary consumers
(Lang et al., 1989; DIN 38410, 1990; US EPA, 1993; Lang
and Reymond, 1995). This model reﬂects changes in the
guild structure viz., number of sensitive species (Bae and
An, 2006; Lee and An, 2007), tolerant species (Desirree
et al., 2006; Walton et al., 2007), exotic species (Leidy and
Fiedler, 1985), feeding guilds (Barbour et al., 1999), and
morphological anomalies (An et al., 2004).
An IBI-type model using ﬁsh assemblages has been
adapted by many countries worldwide: North America
(Karr and Dionne, 1991; US EPA, 1993), Europe (EU
Water Framework Directive; European Commission,
2000), South America (Lyons et al., 1995; Soto-Galera
et al., 1998), and Africa (Hugueny et al., 1996; Kleynhans,
1999). However, there are very few health-assessment
models in Asia (Japan: Rossano, 1996; Koizumi and
Matsumiya, 1997; China: Zhu and Chang, 2008). The IBI
concept was ﬁrst introduced in Korea to evaluate one of
the most urban-inﬂuenced Keum-Ho River by Yeom et al.
(2000). It has now been widely applied to the major
watersheds viz., Han River (An et al., 2001a), Geum River
(An et al., 2001b), and Nakdong River watersheds (Kwon
and An, 2006; Han et al., 2007). Recently, a national
stream-health assessment methodology using biota, such
as diatom (Hwang et al., 2006), macroinvertebrate (Won
et al., 2006), and ﬁsh (An et al., 2006) was developed by the
Ministry of Environment in Korea (MOE/NIER, 2006) to
evaluate the aquatic ecosystem. It provides standards on
the management and restoration of the impacted stream
health in the major watersheds in Korea. Based on this
methodology, a national monitoring program was established in 2007.

The objectives of this study were to evaluate ﬁsh-guild
compositions and national level ecological health in
four major Korean watersheds using a multi-metric ﬁsh
model of Korean index of biological integrity using ﬁsh
(K-IBIF). Also, we evaluated water quality using chemical
parameters and physical habitat health, based on a QHEI
model for comparisons with K-IBIF model values. These
results provide valuable information for eﬀective management and restoration of impaired Korean rivers in the
future.

Materials and methods
Study sites

This study was conducted in the four major river
watersheds of Korea (34–42xN, 124–130xE): the Han
River (HR, length [L], 514 km; basin area [BA],
26 219 km2), the Nakdong River (NR, L, 525 km;
BA: 23 860 km2), the Geum River (GR, L, 414 km; BA,
9886 km2), and the Yeongsan River (YR, L, 115 km; BA,
3371 km2) watersheds (Fig. 1) during 2008–2009. In total,
52 sites consisting of ﬁrst- through fourth-order streams
(Strahler, 1957) were sampled for the four major river
watersheds; 15 sites in the Han River (H1–H15), 14 sites in
the Nakdong River (N1–N14), 13 sites in the Geum River
(G1–G13) and 10 sites in the Yeongsan River (Y1–Y10).

Fish sampling

Fish sampling was conducted twice in the four watersheds in 2008 and 2009, respectively. Fish sampling
approach was followed by a modiﬁed protocol of the
Ohio EPA method (1989). Sampling gears used were
casting nets (mesh size, 5 r 5 mm; 1.5 m r 1.5 m r 3.14 m)
and kick nets (mesh size, 4 r 4 mm, 1.8 m r 0.9 m), the
most common sampling gears used for wading streams.
Casting net was applied to habitats with unobstructed
open water viz., riﬄes, pools, and slow runs, and kick net
was used in sites subject to fast current regime and with
obstructions, where it is diﬃcult to use a casting net. Fish
sampling and handling techniques were based on catch
per unit eﬀort (CPUE) methods (US EPA, 1993), with
a sampling period of 50 min at each location. Fish were
collected from all types of habitats, including riﬄes, runs,
and pools, using the wading method (Ohio EPA, 1989).
In addition, ﬁsh samples were collected from 39 reference
streams within the watersheds to derive a maximum
species richness regression against stream order. The
reference streams were selected based on the approach of
Hughes et al. (1994). All specimens were preserved in
neutral buﬀered 10% formalin and sent to the laboratory
for identiﬁcation (Kim and Park, 2002; Lee and No,
2006). The external characteristics of individual ﬁsh were
examined in the laboratory for deformities (D), erosions
(E; skin, barbells), lesions (L; open sores, ulcerations) and
tumors (T) (DELT; Sanders et al., 1999). The guild
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Fig. 1. Sampling sites of the four major river watersheds in Korea.

structure was analyzed based on the previous regional
studies (An et al., 2004).

Analysis of water quality parameters

Sampling for water quality was conducted twice at
the same time as for ﬁsh sampling per watershed in 2008
and 2009. Ten parameters of the physico-chemical water
quality data for the years 2008–2009 viz., water temperature ( xC), conductivity, biological oxygen demand
(BOD), chemical oxygen demand (COD), suspended solids
(SS), total phosphorus (TP), ammonia nitrogen (NH3-N),
nitrate nitrogen (NO3-N), ortho phosphorus (PO4-P), and
total nitrogen (TN) were examined for the analyses. Water
temperature and conductivity was measured at the time of

sample collection with YSI sonde 6600. TN was measured
by second derivative method after a persulfate digestion
(Crumpton et al., 1992). TP was determined using the
ascorbic acid method after persulfate oxidation (Prepas
and Rigler, 1982). SS, BOD, and COD were measured by
the Standard Methods (APHA, 2005). Nutrient analyses
were performed thrice, and BOD, COD, and SS were
measured twice (MOE, 2000; APHA, 2005).

Analysis of physical habitat

Physical habitat qualities at the sampling sites were
assessed using a multi-metric model of QHEI. The original
11-metric model (Plafkin et al., 1989; Barbour et al.,
1999) was modiﬁed as a six-metric model for regional
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application (MOE/NIER, 2006, 2008). For the habitat
assessments, the primary, secondary, and tertiary components were included to the model and their metrics were
composed of substrate structure and vegetation coverage,
channel characteristics, bank characteristics, and bank
structure. All the metric characteristics have been previously described in An et al. (2006) and MOE/NIER
(2008). The six metrics, M1–M6, evaluate the epifaunal
substrate cover, pool substrate, channel ﬂow status,
channel alteration, and sediment deposition. An additional metric was also included to account for the eﬀects
of dam construction. The health conditions of the habitat
were evaluated by summing the scores obtained from
the six parameters and then categorizing the system
as “excellent” (A; score 120–96), “good” (B; 80–66), “fair”
(C; 60–36), and “poor” (30–6) based on the recommendations of MOE/NIER (2008).

Model development of ecological river health

Multi-metric ﬁsh model was developed for diagnosis
of the ecosystem health in four major Korean rivers.
Our model, K-IBIF, which was based on the IBI concept
(Karr, 1981; Karr et al., 1986), was modiﬁed from the
original US EPA (1994) model and the regional model of
An et al. (2006). We adapted an eight-metric system
including various attributes such as ﬁsh species compositions (M1–M3), trophic composition (M4, M5), ﬁsh
abundance and health (M6–M8) and for the regional
assessments based on the recommendations of Choi et al.
(2011), and MOE/NIER (2008). Ratings of 5, 3, and 1
were assigned to each metric (Barbour et al., 1999)
according to whether its value approximated, deviated
from, or greatly deviated from the expected value in the
10-metric rating. The sum of the ratings, evaluated by
maximum species richness line MSRL (Rankin and Yoder,
1999), provides a K-IBIF value for each watershed. The
K-IBIF scores were judged as four categories, excellent
(A; 46–36), good (B, 35–26), fair (C, 25–16), and poor
(D, 15–8). “A” is comparable to a pristine natural state
and shows an exceptional assemblage of sensitive species,
while “D” shows few species and individuals and a high
frequency of tolerant and diseased ﬁsh.

Data analyses

We conducted simple regression analysis and Pearson’s
correlation analysis (for Windows ver. 12.0; SPSS, 2004)
using data of 52 sampling sites. In these analyses, we
calculated regression coeﬃcients (R2) and equations in the
statistical probability (P) signiﬁcance of 0.05, and correlation coeﬃcients (r). In addition, statistical package of
PC-ORD for Windows ver. 4.25 (McCune and Meﬀord,
1999) was used for principal components analysis (PCA)
to elucidate some relations between the ecological health
conditions and physico-chemical factors. This statistical
analysis of PCA was used to identify primary import

factors in explaining independent eﬀects of QHEI, river
order, and water quality parameters on ecological health
of K-IBIF. In addition, cluster analysis was conducted by
dendrogram approach (PC-ORD; McCune and Meﬀord,
1999) using similarity coeﬃcients between the functional
distances. Data log-transformation was not conducted as
shown in statistical approach of US EPA (1994) and site
diﬀerences in the cluster analysis were tested by unpaired
t-tests between the two groups.

Results and discussion
Physico-chemical water quality

Overall, chemical water quality of the four major
Korean watersheds varied largely depending on the
watershed, stream order, and the pollution source of
urban wastewater. TP was average 146.6 mg.Lx1 during
the study, ranging between 16 and 840 mg.Lx1, and TN at
each sampling site was greater than 1.5 mg.Lx1 (mean:
3.78 ¡ 1.34 mg.Lx1). NH3-N and NO3-N accounted for
> 90% of TN, suggesting a hypereutrophic state. The
nutrient levels (TP and TN) showed two-fold higher in the
Yeongsan River watershed (mean: TP: 356.05 mg.Lx1;
TN: 5.78 mg.Lx1) compared to the other watersheds
(TP: 97.21 mg.Lx1; TN: 3.11 mg.Lx1; t > 2.7, P < 0.02),
indicating a hyperteurophic condition according to the
criteria of Nurnberg (1996). Additionally, all values of
BOD, COD, NH3-N, NO3-N, and PO4-P in the Yeongsan
River watershed (means: 4.5 ¡ 2.5 mg.Lx1, 6.1 ¡
1.8 mg.Lx1, 0.94 ¡ 0.9 mg.Lx1, 3.0 ¡ 1.4 mg.Lx1, and
240.4 ¡ 205.4 mg.Lx1, respectively) were higher (t > 2.2,
P < 0.05; Table 1) compared to the other three watersheds
(mean for all watersheds: 1.83 ¡ 0.8 mg.Lx1, 4.4 ¡
1.4 mg.Lx1, 0.31 ¡ 0.44 mg.Lx1, 2.1 ¡ 0.5 mg.Lx1, and
41.4 ¡ 40.8 mg.Lx1, respectively). These results clearly
signify strong anthropogenic eﬀects on the ecosystem.
A distinct feature observed in all the watersheds was that
the inﬂow of tributaries/streams/rivers causes an inﬂux in
the nutrient levels (Fig. 2) in the subsequent sampling sites.
In the Han River, Geum River, and Nakdong River
watersheds, the conﬂuence with the impacted tributaries is
nearer the downstream of the watershed. However, in the
Yeongsan River watershed, the conﬂuence of the urbanimpacted Gwangju stream is in the upstream region (at
around 50 km from the upstream of the watershed).
Simultaneously, there is an inﬂux of nutrients from the
agricultural farms located on the land adjoining the lower
half of the watershed, transforming it to a nutrient-rich
system.

Fish fauna and compositions

In total, 23 681 ﬁshes belonging to 84 species were
observed from the four major Korean watersheds
(Table 2) and the numbers varied highly, depending on
the location of the watershed. Fish fauna, based on CPUE

Nakdong (n = 14)
1.91 ¡ 0.92 (t = 3.62, P = 0.002**)
4.71 ¡ 1.62 (t = 1.95, P = 0.063)
14.19 ¡ 7.05 (t = 0.313, P = 0.757)
2.94 ¡ 0.65 (t = 3.32, P = 0.003**)
109.07 ¡ 65.99 (t = 3.19, P = 0.004**)
0.15 ¡ 0.08 (t = 3.39, P = 0.003**)
2.23 ¡ 0.45 (t = 1.83, P = 0.081)
47.16 ¡ 42.42 (t = 3.45, P = 0.002**)
River watersheds
Geum (n = 13)
2.01 ¡ 1.20 (t = 3.21, P = 0.004**)
5.06 ¡ 1.95 (t = 1.29, P = 0.208)
12.19 ¡ 7.46 (t = 0.974, P = 0.341)
3.26 ¡ 1.45 (t = 2.58, P = 0.017*)
101.53 ¡ 84.64 (t = 3.10, P = 0.005**)
0.34 ¡ 0.35 (t = 2.28, P = 0.033*)
1.94 ¡ 0.67 (t = 2.30, P = 0.031*)
41.44 ¡ 41.92 (t = 3.42, P = 0.002**)
Han (n = 15)
1.57 ¡ 1.20 (t = 3.97, P = 0.001**)
3.33 ¡ 1.68 (t = 3.91, P = 0.001**)
18.96 ¡ 36.20 (t = x 0.33, P = 0.741)
3.139 ¡ 1.23 (t = 2.97, P = 0.007**)
81.03 ¡ 105.36 (t = 3.47, P = 0.002*)
0.43 ¡ 0.82 (t = 1.51, P = 0.145)
2.039 ¡ 0.27 (t = 2.51, P = 0.019*)
35.57 ¡ 68.06 (t = 3.61, P = 0.001**)
Yeongsan (n = 10)
4.52 ¡ 2.49
6.10 ¡ 1.82
15.07 ¡ 6.41
5.78 ¡ 3.14
356.05 ¡ 281.51
0.94 ¡ 0.88
2.95 ¡ 1.39
240.44 ¡ 205.39
Chemical variables
BOD (mg.Lx1)
COD (mg.Lx1)
SS (mg.Lx1)
TN (mg.Lx1)
TP (mg.Lx1)
NH3-N (mg.Lx1)
NO3-N (mg.Lx1)
PO4-P (mg.Lx1)

Table 1. Diﬀerences (mean ¡ SD) of the chemical environmental variables in the four major watersheds in Korea. The t-test results indicate the variation in each variable with
that of the Yeongsan River watershed (*P < 0.05, **P < 0.01).
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revealed that four species such as Zacco platypus (28.3%),
Opsarichthys uncirostris amurensis (8.8%), Acheilognathus
yamatsutae (6.1%), and Zacco koreanus (5.2%) were
major dominant ﬁshes in Korea. Species abundance
during 2008–2009 was highest (61 species) in Han River
among the four watersheds and lowest (32 species) in
Yeongsan River.
Longitudinal gradients of ﬁsh species compositions
were evident in Han River watershed along the main axis
of the river, resulting in distributional segregation of ﬁsh
species (Fig. 3). The ﬁsh species observed in the upstream
sites (Acheilognathus signiﬁer Berg, Hemibarbus mylodon
Berg, Z. koreanus, Pseudopungtungia tenuicorpa Jeon
and Choi) were distinctly diﬀerent from those observed
in the downstream sites (Repomucenus olidus Gunther,
Coilia nasus Temmnick and Schlegel, Synechogobius hasta
Temmnick and Schlegel, Anguilla japonica Temmnick
and Schlegel, Trachidermus fasciatus Heckel, Tridentiger
bifasciatus Steindachner, Chelon haematocheilus Temmnick
and Schlegel), suggesting a variation in the habitat
structure coupled with water quality parameters in
these sites. The Geum River and the Nakdong River
watersheds exhibited intermediate levels of spatial species
segregation between the upstream and downstream sites.
This phenomenon was not observed in the Yeongsan
River watershed.
Korean endemic species observed were 35, and this was
29.6% of the total in the Korean peninsula, which was
slightly higher than the previous report (22.5%) of Nam
(1996). Analysis of endemic species fauna showed that
relative abundances (RA) in two watersheds of Han River
and Geum River was 33.3 and 32.9%, respectively, and
was two-fold greater than the abundance (13.6%) of
Yeongsan River watershed. Such diﬀerences were mainly
attributed to habitat destruction and nutrient enrichment
in the rivers. Our observation is supported by the previous
report of Choi et al. (2000) who studied the relation
between the number of endemic species and habitat
quality.
Legally protected species viz., endangered species and
natural monuments were composed of 1.2% (eight species)
of the total. Among these, three were classiﬁed as
ﬁrst-class endangered species (Pseudopungtungia nigra
Morim, Gobiobotia nakdongensis Mori, and Koreocobitis
naktongensis Kim, Park and Nalbant) and four
(P. tenuicorpa, Gobiobotia macrocephala Mori, A. signifer,
and Gobiobotia brevibarba Mori) were classiﬁed as secondclass endangered species by MOE/NIER (2008). Only one
natural monument was recorded in this study (Natural
monument No. 259; H. mylodon), sampled in Han River
watershed. This species was previously distributed in both
the Han River and the Geum River watersheds, but became
extinct in the Geum River watershed in the 1980s. Later,
this species was artiﬁcially restored in Geum River watershed by the National Fisheries Research and Development
Institute (NFRDI) in 1999. However, this species was not
found in the Geum River watershed in our study.
Many exotic species, such as largemouth bass
(Micropterus salmoides Lacepede), bluegill (Lepomis

Fig. 2. Physico-chemical water quality variables in association with tolerance and trophic guild systems before and after inﬂow of the major inﬂuencing tributaries to each
watershed.
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Fig. 3. Species composition and distribution analyses along with the altitude and river distance of the four major river watersheds in Korea.
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Table 2. Fish fauna and guild compositions in the four major Korean river watersheds.

Y
Y
Y

¥
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y

Y
Y
Y
¥
Y

Y
Y
Y
Y
Y
Y

Y
Y
Y

Y

Species
Zacco platypus
Opsarichthys uncirostris amurensis
Acheilognathus yamatsutae
Zacco koreanus
Squalidus japonicus coreanus
Hemibarbus labeo
Pseudogobio esocinus
Rhinogobius brunneus
Zacco temminckii
Pungtungia herzi
Carassius auratus
Hemibarbus longirostris
Micropterus salmoides
Tridentiger brevispinis
Microphysogobio jeoni
Squalidus chankaensis tsuchigae
Coreoleuciscus splendidus
Acheilognathus koreensis
Rhynchocypris oxycephalus
Microphysogobio yaluensis
Hypomesus nipponensis
Acheilognathus lanceolatus
Squalidus gracilis majimae
Odontobutis interrupta
Pseudopungtungia nigra*
Coreoperca herzi
Microphysogobio longidorsalis
Squaliobarbus curriculus
Pseudorasbora parva
Rhodeus uyekii
Acheilognathus rhombeus
Cyprinus carpio
Chaenogobius urotaenia
Odontobutis platycephala
Iksookimia koreensis
Acanthorhodeus gracilis
Lepomis macrochirus
Sarcocheilichthys variegatus wakiyae
Erythroculter erythropterus
Chelon haematocheilus
Abbottina springeri
Hemiculter eigenmanni
Siniperca scherzeri
Orthrias nudus
Sarcocheilichthys nigripinnis morii
Hemibarbus mylodon*
Iksookimia longicorpa
Koreocobitis rotundicaudata
Acanthorhodeus macropterus
Hemiculter leucisculus
Pseudobagrus koreanus
Rhinogobius giurinus
Pseudopungtungia tenuicorpa*
Misgurnus anguillicaudatus
Gobiobotia brevibarba*
Rhodeus notatus
Synechogobius hasta
Misgurnus mizolepis
Tridentiger obscurus
Gobiobotia macrocephala*

Tolerance
TS
TS
IS
SS
TS
TS
IS
IS
SS
IS
TS
IS
TS
IS
IS
IS
SS
IS
SS
IS
IS
IS
SS
IS
SS
SS
SS
IS
IS
TS
IS
TS
IS
SS
IS
IS
TS
SS
TS
TS
TS
SS
TS
SS
IS
SS
IS
SS
IS
TS
SS
TS
SS
TS
SS
IS
TS
TS
TS
SS

Guilds
Trophic
O
C
O
I
O
I
I
I
I
I
O
I
C
I
I
O
I
O
I
O
I
O
I
C
I
C
H
O
O
O
O
O
I
C
I
O
I
I
C
H
O
C
O
I
I
I
I
O
O
O
I
I
I
O
I
O
I
O
I
I

Habitat

RB

RB

Han
2271
182
1301
297
110
317
203
409
286
235
206
62
138
30

RB

119

RB

71
240
71
93
82

RB

River watersheds
Nankdong Geum
850
2323
867
965
148
507
436
763
93
356
105
437
101
218
623
73
249
71
93
7
263
155
59
24
302
400
162
122
51
190
323
301
11
83

6

33
122

22

51
77
79
38
94

11
1
4
8
9

RB

59
12
9
13
61

RB

5
49
17
50

25
44
7

8
4
8

163
77
61
131
71
114
39
11
20
13
9
86
38
52
2
65
47

28
50

Yeongsan
1265
60

99
63
1
84
80
139
37
197

127

103
3

7
19
3
46
3
6
44

60
23

33

2

24

13

2

26
12

1

23

45
RB

RB

RB

RB

40
38
11
3
37
6
12
28
26
6
18

5

25
19
2

1
23

15
4

2

Total
6709
2074
1449
1240
873
865
808
729
707
688
538
513
473
464
430
411
360
323
301
268
240
237
176
143
131
126
122
114
108
108
106
105
103
98
97
95
90
74
67
61
60
59
59
57
52
50
45
40
39
38
38
38
37
36
31
30
26
24
23
22
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Table 2. (Continued.)

¥
Y

Y

Y

Y
Y
Y
Y
Y

Species
Carassius cuvieri
Leiocassis nitidus
Gobiobotia nakdongensis*
Pseudobagrus fulvidraco
Plecoglossus altivelis altivelis
Abbottina rivularis
Tridentiger bifasciatus
Repomucenus olidus
Cobitis lutheri
Cobitis hankugensis
Mugil cephalus
Anguilla japonica
Silurus asotus
Gnathopogon strigatus
Trachidermus fasciatus
Liobagrus andersoni
Leiocassis ussuriensis
Lateolabrax maculatus
Rhodeus ocellatus
Coilia nasus
Koreocobitis naktongensis*
Liobagrus mediadiposalis
Acheilognathus signiﬁer*
Niwaella multifasciata

Tolerance
TS
TS
TS
SS
IS
TS
TS
TS
IS
IS
TS
IS
TS
IS
TS
IS
SS
IS
IS
SS
IS
SS
SS
SS

Guilds
Trophic
O
I
I
I
H
O
I
I
I
I
C
C
H
I
I
I
I
C
O
O
C
I
O
O

Habitat

River watersheds
Nankdong Geum

Han
16

2
RB

19
3

4

11
18

17
16
15
1

Yeongsan
4
18
1

13
12
9

4
7
2
7
7

2
7

RB

1

3
6

4

3

5
4
RB

3
3
3

RB
2
RB

Total number of species
Total number of individuals

1
61
7823

43
3711

54
9624

32
2523

Total
20
20
19
19
18
17
16
15
14
12
11
11
11
8
7
7
7
5
4
3
3
3
2
1
84
23 681

Y: Korean endemic species, ¥: exotic species, *: legally protected species (endangered or natural monument), SS = sensitive species,
IS = intermediate species, TS = tolerant species, O = omnivores, I = insectivores, C = carnivores, H = herbivores, RB = riﬄe benthic
species.
Table 3. Physical habitat evaluation using the QHEI in the four major river watersheds in Korea.

12.6
13.8
15.2
12.3
14.4

9.9
13.0
13.2
11.1
12.1

13.6
15.7
12.5
11.3
14.9

Mean values of the QHEI (criteria of US EPA)

77.1 (B)*

68.1 (B)

80.9 (B)

* B: good condition, C: fair condition,

SO

Han
8.8

River watersheds
Nakdong
Geum
8.9
12.9

Habitat variables
M1
Epifaunal substrate/Available cover
M2
( j 3so) Embeddedness
( i 4so) Pool substrate characterization
M3
Channel ﬂow status
M4
Existence of small-scale dams
M5
Channel alteration
M6
Sediment deposition

Yeongsan
7.8
8.1
8.0
9.5
8.0
8.0
8.2
49.4 (C)

: stream order.

macrochirus Raﬁnesque), and Japanese crucian carp
(Carassius cuvieri Temmnick and Schlegel), were widely
distributed throughout these Korean watersheds. Largemouth bass, a well-known, notorious top predator that
modiﬁes ﬁsh species composition and disturbs trophic
structures by indiscreet dietary activities (Maezono and
Miyashita, 2004), was observed in all the four major
watersheds (Choi et al., 2011); this species could cause
major ecological disturbance, as predicted by the US EPA
(1993). Thus, it is necessary to monitor these species
continuously and study further to conﬁgure distributions

and variation trends for intensive management of the lotic
ecosystems.

Guilds analyses

Tolerance guild analysis showed that tolerant species
dominated the lotic ecosystems we studied. The tolerant
species constituted 52.4% (12 403 individuals; Table 2),
while the sensitive species represented only 15.6%
(3704 individuals) of the RA. The intermediate species
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Fig. 4. Regression analyses of K-IBIF and QHEI values related to physico-chemical water quality parameters.
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constituted 32% (7574 individuals) of the RA. Trophic
guild analysis also conﬁrmed that the ﬁsh reﬂected the
water quality of the system. The omnivores dominated the
ecosystem. The proportion of omnivore species, as
a number of individuals, was 49.9% (11 817 individuals),
and in contrast, insectivore species was 36.2% (8582
individuals). The proportion of the carnivore species was
13% (3070 individuals), while others (such as herbivores
and ﬁlter feeders) constituted 0.9%. The ecological
distribution of the tolerance and the trophic guilds was
associated with the water quality parameters. Sensitive
and insectivorous species rapidly decreased (r < x 0.42,
P < 0.01, n = 52) with degradation in water quality (BOD);
while tolerant and omnivorous species dominated the
system (r > 0.27, P < 0.05, n = 52).
The inﬂux of nutrients via the watersheds into the
tributaries/streams/rivers was observed to alter the dynamics of the guild structure (Fig. 2). RA of the sensitive
species after the conﬂuence was < 1% (previously 20–34%
in Han, Geum, Nakdong River watersheds). Similar
results were observed for insectivorous species after
the conﬂuence (13–22% from 28–40%). The RA of the
tolerant species shifted from 20–40% to 50–78%. The
Yeongsan River watershed did not show major guild
alterations because the system was already nutrient rich as
a result of the inﬂux from the agricultural farms located on
the land adjoining the lower half of the watershed. Our
results are in accordance with the typical trend observed in
eutrophic waters (Drake and Pereira, 2002). With an
increase in pollution, sensitive species and insectivores are
eliminated from the guild structure, paving the way for the
emergence of an omnivorous population (US EPA, 1998;
Barbour et al., 1999).

Physical habitat health evaluation

Physical habitat health, based on a QHEI model,
evaluated for the four major watersheds in Korea
indicated a “good” condition (mean QHEI 68.9, range
45–105, n = 52; Table 3) during the study period. This wide
range of QHEI values indicates that ﬁsh cannot survive in
some streams as a result of habitat degradation. Most of
this degradation was caused by habitat modiﬁcation,
artiﬁcial channelization, and weir and bank construction,
which disturb the habitat. The QHEI scores clearly
correlated with the nutrient levels (R2 > 0.4, P < 0.01;
Fig. 4) in all the major watersheds. Our results reveal that
the three of the major watersheds, Han River, Geum
River, and Nakdong River watersheds exhibited “good”
QHEI scores (mean 75.37), but also displayed a linear
degradation of habitat toward the downstream. However,
the QHEI scores in the Yeongsan River watershed (mean
49.4) was considerably lower (t < x4.3, P < 0.001),
pointing to the need for a restoration of habitat in this
watershed. In this study, most of the degraded sites were
caused by habitat modiﬁcation along with artiﬁcial
channelization, and weir and bank construction, all
associated with human activities. Consequently, these
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eﬀects cause aquatic habitat disturbance, ﬁsh community
modiﬁcations, and ﬁnally lower the biological health of
the ecosystem. Our results suggest that physical habitat
quality inﬂuences the guild structure in ﬁsh community
and is closely associated with IBI values as proposed by
Plafkin et al. (1989).

Biological integrity
The model values of K-IBIF during 2008–2009
averaged 18.2, which was judged as a “fair” condition by
the ecological health criteria of US EPA (1993). The
values, however, varied highly between 8 and 34 in the
watersheds depending on the location. None of the study
sites, however, could be judged as in an “excellent”
condition. According to the national health assessments
of 52 rivers, 25% of the total was judged as “good”
condition, while 36.5% was a “poor”, indicating a severe
impaired ecological health.
The ecological health of Yeongsan River watershed
(mean K-IBIF 14.4; “poor”) was lower (t < x3.9,
P < 0.006) than all the other three watersheds (mean
K-IBIF: Geum 20.7, “Fair”; Han 20.4, “Fair”; Nakdong
17.1, “Fair”) (Table 4). The lower scores in the Yeongsan
River watershed can be attributed to the inﬂux of high
nutrient into the rivers and the disturbance of habitat in
the system (Table 5). As a result, the total number of
species observed in this watershed (12 ¡ 2.8) was comparatively lower (t < x4.62, P < 0.001) than the other watersheds (Mean: 19.0 ¡ 3.6). These results are consistent with
previous reports on this watershed (Choi and An, 2007),
which show a dominance of tolerant and omnivore
species, exotics, and ﬁshes with DELT anomalies, thus
indicating a severe deterioration of the system.
Simultaneously, the values of BOD, TP, and TN were all
negatively correlated with the biological variables of the
K-IBIF model (r < x0.34, P < 0.05; Fig. 3), and positively correlated with the QHEI scores (r = 0.43, P < 0.01).
Here, physical habitat and the chemical health seem to be
important factors regulating the biological health of the
system.
Cluster analysis, based on 52 sampling sites sampled
during 2008–2009, showed that the river sites were divided
into two groups of Group-I (19 sites: H01–H05 from top
to bottom) and Group-II (43 sites: H10–Y10 from top
to bottom) (Fig. 5). The results revealed that the K-IBIF
values were directly inﬂuenced by spatial variations,
chemical conditions, and physical habitat quality. When
we analyzed the ecological characteristics of Group-I, the
river sites were mainly located in the zone of headwaterto-upstream sites where the rivers are in the range of
ﬁrst–third order and ecological river health is mainly
judged as good conditions. In contrast, characteristics of
Group-II, the river sites were mainly located in the zone
of midstream-to-downriver sites (Fig. 5) where the rivers
are in the range of third–sixth order and the ecological
river health was mainly judged as poor conditions.
Statistical unpaired t-tests between the two groups, based
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Table 4. Summary of the K-IBIF model in the four major river watersheds in Korea.
Metric attributes
I. Species composition

River watersheds
Nakdong
Geum
1.2
3.0
1.0
1.5
1.1
2.0

M1
M2
M3

Metric components
Total number of native species
Number of sensitive species
Tolerant species as percent individuals

Han
2.2
1.7
1.5

II. Trophic composition

M4
M5

Omnivores as percent individuals
Insectivores as percent individuals

2.4
3.1

2.4
3.4

1.5
2.3

1.2
1.4

III. Abundance and individual health

M6
M7
M8

Total number of individuals
Exotic species as percent individuals
Anomalies as percent individuals

3.9
1.1
4.7

2.0
1.1
4.9

3.6
2.2
4.6

1.6
1.8
3.5

Score of K-IBIF model (criteria)

20.4 (C)*

17.1 (C)

20.7 (C)

Yeongsan
2.8
1.0
1.3

14.4 (D)

* C: fair condition; D: poor condition.
Table 5. Spearman’s rank order correlations between the K-IBIF and environmental variables and HBI in each of the four major
river watersheds.
Environmental variables
Physical
Water temperature
SS
Conductivity

Han
x 0.183
x 0.083
0.158

River watershed
Geum
Nankdong
x 0.001
x 0.412
x 0.688*
x 0.355
x 0.822*
0.127

Yeongsan
x 0.611
x 0.807*
x 0.819*

Chemical

BOD
COD
TN
TP
NH3-N
NO3-N
PO4-P

x 0.054
x 0.546*
0.318
x 0.351
x 0.291
0.396
x 0.318

x 0.710*
x 0.805*
x 0.618*
x 0.646*
x 0.735*
x 0.563*
x 0.643*

x 0.758*
x 0.844*
x 0.661*
x 0.673*
x 0.716*
x 0.606
x 0.654*

Habitat quality

QHEI

x 0.107

0.607*

x 0.453
x 0.665*
x 0.396
x 0.398
x 0.457
x 0.196
x 0.592*
x 0.021

0.668*

* P < 0.05.

on dataset of multi-metric model values of K-IBIF
and QHEI, showed that Group-I was signiﬁcantly greater
(P < 0.05) than the Group-II. Also, t-tests between the
two groups, based on chemical nutrient data (TP),
revealed that Group-I was signiﬁcantly lower (P < 0.05)
than the Group-II. These results suggest that habitat segregation in the ﬁsh community of two groups may be attributed to combined eﬀects of physical habitat and water
quality. Thus, such physical and chemical diﬀerences
between the two groups resulted in diﬀerent types of ﬁsh
community.
In addition, we used an ordination approach using
PCA to elucidate some relations between the ecological
health (K-IBIF) and some physico-chemical factors
(Fig. 6). The ordination approach has an advantage
(Braak, 1987; Legendre and Legendre, 1998) that similar
sites plot are closer to one another, and dissimilar sites plot
are farther apart. In our PCA analysis, the axes I, II, and
III together accounted for 74.3% of the variance as shown
in Table 6. The axis-I explained 47.1% of the variance
based on criteria of factor loading i j0.30j determined by
organic matters (BOD, COD), nutrients (TN, TP), and
water temperature, while the axis-II explained 18.4% of

the variance by physical habitat of QHEI and its three
metrics. The axis-III is explained by 8.8% variances
determined by one water quality parameter (conductivity)
and three QHEI metrics against the criteria of factor
loading i j0.30j. It is thus evident that the nutrients as well
as organic matters reﬂected by BOD and COD in the
watersheds have an inﬂuence on the biological integrity,
and especially, the downstream sites (K-IBIF 8–16) were
clearly associated with high nutrient levels. Incidentally,
all the upstream sites are located where there is a higher
proportion of forest cover. These results indicate that
downstream sites suﬀer from large-scale habitat disturbance, and water pollution. Therefore, land-use patterns
surrounding the sampling sites are an important factor to
be considered for the development of restoration strategies
and management programs.

Conclusions
Our national-level biomonitoring of the four major
watersheds in Korea revealed that all the watersheds were
primarily impacted by high nutrient levels (both TP and

Fig. 5. Dendrogram of overall sampling sites, based on cluster analysis in four major Korean river watersheds.

J.H. Lee et al.: Ann. Limnol. - Int. J. Lim. 47 (2011) S73–S89
S85

S86

J.H. Lee et al.: Ann. Limnol. - Int. J. Lim. 47 (2011) S73–S89

Table 6. PCA using physico-chemical variables. The data were loaded on axes I, II, and III and the values indicate correlation
coeﬃcients. Bold numbers were expressed as high signiﬁcant values of i j0.30j (P < 0.05).

BOD
COD
TN
TP

I
0.3516
0.3234
0.3206
0.3337

Axes
II
x 0.2062
x 0.2714
x 0.1937
x 0.1812

III
0.1163
x 0.0776
0.192
0.1968

Physical

Temperature
Conductivity
Chlorophyll-a

0.3017
0.1953
0.2691

x 0.1382
x 0.2862
x 0.2388

0.284
x 0.3073
x 0.1366

Metric of QHEI

H-M1
H-M2
H-M3
H-M4
H-M5
H-M6

x 0.2151
x 0.2662
x 0.1656
x 0.2196
x 0.191
x 0.1959

x 0.1747
x 0.1301
x 0.3764
x 0.3697
x 0.3477
x 0.2349

0.5389
0.3799
x 0.2722
x 0.0827
0.1494
x 0.4046

Habitat quality
Eigenvalue
Proportion of variance
Cumulative proportion

QHEI

x 0.2974
6.594
47.101
47.101

x 0.3918
2.579
18.421
65.522

0.097
1.234
8.814
74.336

Variables
Chemical

Fig. 6. PCA of the four major Korean river watersheds, based on physical habitat, chemical conditions, and biological components.

TN) along with anthropogenic disturbance of physical
habitat. Among the four watersheds, Yeongsan River was
in the most deteriorated condition with very high levels of
nutrients and organic matters, and also severe habitat
degradation. All the other watersheds displayed a linear
degradation of habitat toward the downstream, pointing
to the need for restoration.

Fish fauna and compositions showed a high abundance
in Han River watershed (61 species) whereas they were
in low abundance in Yeongsan River along with low
abundance of the Korean endemic species. Fish trophic
and tolerance guild analysis revealed that tolerant and
omnivorous species dominated all the watersheds; the
sensitive and insectivorous species rapidly decreased
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with a degradation of water quality. Our studies also
revealed that three major exotic species, largemouth bass
(M. salmoides), bluegill (L. macrochirus) and Japanese
crucian carp (C. cuvieri), were widely distributed in all the
major watersheds, and need to be continuously monitored
because these can alter the guild structure and cause
ecological disturbances. The ecological health (K-IBIF
values) in all the watersheds deteriorated post-conﬂuence
with impacted tributaries.
Overall, our survey results suggest that biological
integrity in Korean rivers is in a marginal to poor
condition. The downriver sites in the watersheds suﬀer
from large-scale habitat disturbance by various river
channel constructions and water contamination as a result
of urban impacts and industrial development. In our
health assessments, wastewater eﬄuents from urban
regions were the major source of nutrient and organic
pollutions, inﬂuencing the ecological health in the end. We
believe that this research provides key information such as
physical habitat quality, chemical water quality, and
biological health, required the river restoration strategies
and eﬃcient river management in the future.
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Lerna Basin, México. Aquat. Ecosys. Health Manage., 1,
267–276.
SPSS, 2004. SPSS 12.0 KO for Windows, Apache Software
Foundation, Chicago, IL.
Strahler A.N., 1957. Quantitative analysis of watershed geomorphology. Trans. Am. Geophys. Union, 38, 913–920.
US EPA, 1993. Fish Field and Laboratory Methods for
Evaluating the Biological Integrity of Surface Waters.
EPA 600-R-92-111. Environmental Monitoring Systems
Laboratory – Cincinnati oﬃce of Modeling, Monitoring

S89

Systems, and Quality Assurance Oﬃce of Research
Development, US EPA, Cincinnati, OH.
US EPA, 1994. Environmental monitoring and assessment
program: integrated quality assurance project plan for the
Surface Waters Resource Group. 1994 activities, Rev.2.00.
EPA 600/X-91/080, US EPA, Las Vegas, NV.
US EPA, 1998. Lake and reservoir bioassessment and biocriteria
technical guidance document, EP-841-B-98-007, US EPA,
Oﬃce of Water, Washington, DC.
US EPA, 2002. Biological Assessments and Criteria, EPA 822-F02-006, US EPA, Oﬃce of Water, Washington, DC.
Walton B.M., Salling M., Wyles J. and Wolin J., 2007. Biological
integrity in urban streams: toward resolving multiple dimensions of urbanization. Landscape Urban Plan., 79, 110–123.
Winget R.N. and Mangum F.A., 1979. Biotic condition index:
integrated biological, physical, and chemical stream parameters for management, Forest Service, Intermountain
region, U.S. Department of Agriculture, Ogden, UT.
Won D.H., Jun Y.C., Kwon S.J., Hwang S.J., An K.-G. and Lee
J.K., 2006. Development of Korean saprobic index using
benthic macroinvertebrates and its application to biological
stream environment assessment. J. Korean Water Qual., 22,
768–783 (in Korean with English summary).
Yeom D.H., An K.-G., Hong Y.P. and Lee S.K., 2000.
Assessment of an index of biological integrity (IBI) using
ﬁsh assemblages in Keum-Ho River, Korea. Korean
J. Environ. Biol., 18, 215–226 (in Korean with English
summary).
Yoder C.O., 1991. The Integrated Biosurvey as a Tool for
Evaluation of Aquatic Life Use Attainment and Impairment
in Ohio Surface Waters, EPA/440/5-91/005, US EPA,
Washington, DC, 110–122.
Zhu D. and Chang J., 2008. Annual variations of biotic integrity
in the upper Yangtze River using an adapted index of biotic
integrity (IBI). Ecol. Indic., 8, 564–572.

