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Abstract
Major objectives of the study were to analyze chemical and biological influences of the river ecosystem on the artificial 

weir construction at three regions of Sejong-Weir (Sj-W), Gongju-Weir (Gj-W), and Baekje-Weir (Bj-W) during 2008-2012. 

After the weir construction, the discharge volume increased up to 2.9 times, and biological oxygen demand (BOD) and 

electrical conductivity (EC) significantly decreased (p < 0.05). Also, the decrease of total phosphorus (TP) was also evident 

after the weir construction, but still hyper-eutrophic conditions, based on criteria by OECD (1982), were maintained. 

Multi-metric model of Index of Biological Integrity (IBI) showed that IBI values averaged 21.0 (range: 20-22; fair condi-

tion) in the Bwc, and 14.3 (range: 12-18; poor condition) in the Awc. The model values of IBI in Sj-W and Gj-W were signifi-

cantly decreased after the weir construction. The model of Self-Organizing Map (SOM) showed that two groups (cluster 

I and cluster II) of Bwc and Awc were divided in the analysis based on the clustering map trained by the SOM. Principal 

Component Analysis (PCA) was similar to the results of the SOM analysis. Taken together, this research suggests that 

the weir construction on the river modified the discharge volume and the physical habitat structures along with distinct 

changes of some chemical water quality. These physical and chemical factors influenced the ecosystem health, measured 

as a model value of IBI.
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INTRODUCTION

Large rivers have longitudinal gradients of chemical 

water quality and physical habitats from the headwaters 

to the downrivers near the estuary, resulting in structur-

al and functional variations in riverine fish community 

(Schlosser 1982, Gelwick 1990). These gradients, how-

ever, may be interrupted by natural processes (Balon and 

Stewart 1983, Maret et al. 1997) or artificial constructions 

of dams or weirs on the rivers (Baxter 1977, Dynesius and 

Nilsson 1994, Richter et al. 1997). Thus, serial discontinu-

ity concept (SDC) was hypothesized by Ward and Stanford 

(1983) who emphasized numerous impacts of physical, 

chemical and biological re-setting (Ward and Stanford 

1979) by weir or dam constructions on the rivers.

The weir-construction or serial impoundment-induced 

changes in current velocity or inflow regime caused phys-

ical habitat alteration, with decreased flow velocities and 

high siltation rates near the upstream of weirs (Kondolf 

1997) and increased flow velocities leading to substrate 
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constructions on fish compositions and the community 

structure in this Asian region. Poff et al. (1997) pointed 

out that more intensive researches are required to under-

stand functional and trophic modifications of fish com-

munity in impounded rivers. In this study, some influ-

ences of chemical water quality and fish community on 

the weir constructions were analyzed between the two 

periods of before- (2008 – 2009) and after the weir con-

struction (2011 – 2012) within the Geum-River watershed. 

Also, tolerance guilds and trophic compositions of fish, as 

an ecological indicators, were compared along with river 

ecosystem health assessments, based on multi-metric 

fish model of index of biological integrity (IBI).

MATERIALS AND METHODS

Sampling sites and methods

This study was conducted in the Geum River water-

sheds including mainstream regions, which is located in 

the midwest temperate region of South Korea (Fig. 1). To-

tal three sites were selected for fish sampling where each 

site represents the characteristics of the weir-constructed 

area within 1 km upper region from the artificial weir con-

structed on the Geum River watersheds. It was consisted 

of every 3 sites of each weir region; Sejong-Weir (Sj-W), 

Gongju-Weir (Gj-W) and Baekje-Weir (Bj-W) and also 

scouring downstream (Camargo and Voelz 1998). These 

habitat modifications create conditions favorable for ex-

otic or non-native species (Marchetti and Moyle 2001), 

which can then further alter fish assemblage composi-

tions via a predation and competition (Godinho and Fer-

reira 1998, Eby et al. 2006). Water chemistry in the river 

ecosystem is directly or indirectly influenced by the weir 

or dam constructions (Hannan and Young 1974). These 

influences on the water chemistry can either be spatially 

inflow of high nutrients, such as nitrogen (N) and phos-

phorus (P), from extensive crop lands, urban pipes or a 

wastewater disposal plant. Predicting inputs from the 

point sources is relatively simple, but attributing chemi-

cal factors of river water to non-point sources (NPS) is 

much more difficult (Baker 2003). 

The weir constructions of Geum-River watershed, 

which belong to our study location, were initiated from 

the Korean government’s five-year national plan of “The 

Four Major Rivers Restoration Project” in July 2009. Re-

cent studies of the weirs constructed in the region point-

ed out hydrological modifications of water retention time, 

current velocity (Kim 2013), chemical pollutions by rapid 

eutrophication, and biological impacts. Within the re-

gions of weirs, the hypoxia near the bottom, frequent al-

gal blooms, and surface scums were frequently observed 

along with massive fishkills, indicating an impacts of 

aquatic environments. 

However, little is known about influences of the weir 

Fig. 1. The study locations and sampling sites at three weirs of Sejong Weir (Sj-W), Gongju Weir (Gj-W) and Baekje Weir (Bj-W) within Geum-River 
watershed.
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lation analysis and t-test by SPSS (Version 12.0K for win-

dows). To confirm the change pattern and clusters on all 

sites along the weir construction, Self-Organizing Map 

(SOM; Kohonen 1982) was utilized. We adopted the ini-

tialization and training methods based on the SOM Tool-

box that allow the algorithm optimized. Also, to identify 

the major environmental factors influencing on the an-

nual changes clustered by SOM, we used PC-Ord in (Ver-

sion 4.25 for Windows; McCune and Mefford 1999).

RESULTS AND DISCUSSION

Physico-chemical water quality

River discharge (flow regime) was significantly in-

creased (t = -5.99, p < 0.001) which showed 61.4 m3s-1 

(Range: 23.9 – 148.0 m3s-1) as its average value in the Bwc 

whereas it was 179.7 m3s-1 (Range: 47.7 – 586.3 m3s-1) in 

the Awc (Fig. 2). In contrast, the value of BOD, a well-known 

indicator of organic pollution, was significantly decreased 

(t = 6.09, p < 0.05), which showed 3.4 mgL-1 (Range: 1.0 – 

7.1 mgL-1) as its average value in the Bwc whereas it was 

2.7 mgL-1 (Range: 1.1 – 6.6 mgL-1) in the Awc. Value of EC 

which indicates degree of organic pollution like BOD, was 

351.0 µScm-1 (Range: 198 – 477 µScm-1) in the Bwc, how-

ever, after the construction of weirs completed, it was 

significantly decreased (t = 7.07, p < 0.001). Those results 

that both BOD and EC were decreased might be due to 

dilution effects of the river water by greater water volume 

(Flow) along with the weir construction. Additionally, 

concentrations of TP, well-known indicator of phospho-

rus nutrient contamination, were decreased significantly 

(t = 6.74, p < 0.001). It averaged 199.7 µgL-1 (Range: 135 

– 349 µgL-1) in the whole weir-constructed regions at the 

Bwc whereas it was 125.8 µgL-1 (Range: 45 – 278 µgL-1) at the 

Awc (Fig. 3). The significant reduction in TP concentrations 

might be caused by the sedimentation of nutrients, but 

trophic conditions based on the criteria of eutrophication 

established by OECD (1982) were hyper-eutrophy in both 

Bwc and Awc. Chl-a also showed the similar patterns to TP 

analysis. Average value of Chl-a was decreased in Awc with 

26.4 µgL-1 (Range: 1.7 – 120.2 µgL-1) compared to Bwc, but 

this value was mean level of the phytoplankton warnings 

(> 25 µgL-1) based on the phytoplankton alert system by 

the Ministry of Environment, Korea (MEK). In addition, 

according to the trophic categories proposed by OECD 

(1982), trophic states were eutrophy in both Bwc and Awc. 

conducted in premonsoon (May - June) and postmon-

soon (September - October) in periods of before the weir 

construction (Bwc; 2008 - 2009) and after the weir con-

struction (Awc; 2011 - 2012) respectively. All sampling was 

operated by the modified wading method (An et al. 2004) 

to adapt the Korean aquatic ecosystem based on the Ohio 

EPA method (1989). 

For the fish sampling, we considered all habitat types 

such as riffle, run, and pool in the same site and directed 

in an upstream to downstream reach for at least 200 m 

distance during 50 minutes for the catch per unit efforts 

(CPUE). Casting-net (7 × 7 mm, CN) and kick-net (4 × 4 

mm, KN), the most popular fish sampling gears in Korea, 

were applied to collect samples. All fishes were identified 

at the sampling place and released immediately. All speci-

mens were identified according to classification keys of 

Kim and Park (2002). 

Water quality analysis and stream ecosystem 
health assessment

Water quality data were obtained from the Water In-

formation System (WIS) of the Ministry of Environment, 

Korea (MEK) during 2008 – 2012, except 2010 for physico-

chemical water quality analysis. Nine parameters such 

as water discharge (Flow), pH, dissolved oxygen (DO), 

biological oxygen demand (BOD), total suspended solids 

(TSS), total nitrogen (TN), total phosphorus (TP), electric 

conductivity (EC) and chlorophyll-a (CHL-a) were exam-

ined for the analysis. For the study, eight metric model of 

the Index of Biological Integrity (IBI) was applied, instead 

of original 12 metric model originally suggested by Karr 

(1981). The model was modified by the regional applica-

tion of the Geum River Watershed (An et al. 2002, 2004). 

The metrics consisted of three major groups as ecological 

characteristic and species composition, trophic composi-

tion, and fish abundance and health condition. Each met-

ric was scored in 1, 3, or 5 point after the approach of US 

EPA (Barbour et al. 1999). Each metric and criteria char-

acteristics were previously described in An et al. (2004). 

These scores were then summed to obtain a site-specific 

model value that ranged from 8 to 40, and categorized 

with excellent (A, 36–40), good (B, 26–35), fair (C, 16–25), 

poor (D, ≤15) conditions.

Statistical analysis

We used various statistical analysis methods for corre-
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Fig. 2. Physico-chemical water quality (Flow, pH, DO, BOD, TSS) in the three weirs of Sejong Weir (Sj-W), Gongju Weir (Gj-W) and Baekje Weir (Bj-W) in the 
periods of before (Bwc; 2008 - 2009) and after the weir construction (Awc; 2011 – 2012).
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Fig. 3. Chemical parameters (EC, TN, TP, Chl-a) in the three weirs of Sejong Weir (Sj-W), Gongju Weir (Gj-W) and Baekje Weir (Bj-W) in the periods of before 
(Bwc; 2008 - 2009) and after the weir construction (Awc; 2011 – 2012).
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disturbance or destruction of habitats, but tolerant spe-

cies showed dominant distribution. Thus, the whole weir 

regions, where tolerant species distributed dominantly, 

were affected by inflow of organic pollutants from urban 

streams (Lee et al. 2013, Kim et al. 2014, Lee and An 2014). 

Also, it might consider that these phenomenon could be 

increased by habitat destruction and water quality degra-

dation according to the weir construction.

Meanwhile, trophic guild analysis also showed the sim-

ilar patterns as tolerance guilds. Omnivore species was 

increased after weir construction showing over 50% as 

Ecological indicator characteristics

According to the results of tolerance guilds analysis, 

tolerant species (TS) dominated with over 60% of its rela-

tive abundance (RA) in both before- and after the weir 

construction (Fig. 4a). However, sensitive species (SS) 

presented only 1-6% of the RA in both Bwc and Awc (Fig. 

4b). These results support the previous research results 

(Karr 1981, US EPA 1991) that sensitive species tend to 

rapidly disappear along with degradation of the physi-

cal and chemical condition caused by organic pollution, 

Fig. 4. Tolerance and trophic guilds analysis in each weir (Sj-W: Sejong-Weir, Gj-W: Gongju-Weir, Bj-W: Baekje-Weir) constructed in Geum River watershed. 
The abbreviations are as follows; TS = tolerant species, SS = sensitive species, O = omnivore species, I = Insectivore species.

a

c

d

b
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health were caused by significant decrease of individu-

als and sensitive species, but increase of tolerant species, 

omnivores and anomalies after the weir construction. 

Therefore, it might consider that deterioration of ecosys-

tem health could be increased by habitat destruction and 

water quality degradation according to the weir construc-

tion.

Ecological pattern analysis using an approach of 
self-organizing map (SOM)

In order to confirm the ecological change pattern by ar-

tificial weir construction obstructing stream flow and sev-

ering between the upper and lower regions at each weir, 

we used SOM (Kohonen 1982) for patterning and visualiz-

ing the fish community in study regions. Chemical water 

quality data and fish community data were used for train-

RA (Fig. 4c). Insectivore species was also increased in Awc 

(Fig. 4d), but it was because P. esocinus, and M. jeoni, were 

dominant species. Barbour et al. (1999) reported that or-

ganic pollution and toxicant inflows were increased along 

the stream order increase and then, these phenomenon 

could cause the trophic simplification of fish community 

related to omnivore abundance so that these results could 

affect to degradation of overall ecosystem health.

Ecosystem health assessments

Stream ecosystem health assessment based on the 

Index of Biological Integrity (IBI) resulted in an average 

21 (range: 20 – 22; C) classified as fair condition and 14 

(range: 12 – 18; D) classified as poor condition in Bwc and 

Awc, respectively (p < 0.05) (Table 1, Fig. 5). These results 

that decrease of IBI values and deterioration of ecosystem 

Table 1. Stream ecosystem health assessments, based on the multi-metric index of biological integrity (IBI) model in three weirs of Sejong Weir (Sj-W), 
Gongju Weir (Gj-W) and Baekje Weir (Bj-W) 

      Metric Attributes                       Metric Components
Bwc (2008-2009) Awc (2011-2012)

Sj-W Gj-W Bj-W Sj-W Gj-W Bj-W

Species richness and  
compositions

M1: Total number of native species 5 3 3 3 3 3

M2: Number of riffle-benthic species 1 1 1 1 1 1

M3: Number of sensitive species 1 1 1 1 1 1

M4: Tolerant species as percent individuals 1 1 1 1 1 1

Trophic compositions
M5: Omnivores as percent individuals 1 3 3 1  1* 3

M6: Insectivores as percent individuals 3 3 3 3 3 4

Fish abundance and  
Individual Health

M7: Total number of individuals 5 4 3  2*  1*  1*

M8: Anomalies as percent individuals 5 5 5  2*  2*  2*

Total Score of IBI Model 22 21 20        14*        13*        16*

Ecological Health Criteria         F         F         F         P         P         F

*: significant difference (p < 0.05) between Bwc and Awc

Bwc: before the weir construction, Awc: after the weir construction, F: fair condition, P: poor condition

Fig. 5. Changes of stream ecosystem health in each weir (Sj-W: Sejong-weir, Gj-W: Gongju-weir, Bj-W: Baekje-weir) constructed in Geum River watershed, *: 
Significant difference (p < 0.05) between Bwc and Awc. The abbreviations are as follows; Ex = excellent condition, Go = good condition, Fa = fair condition, Po = 
poor condition.
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change patterns in each study site as time progressed. 

The study sites surveyed twice a year in Geum River wa-

tershed from May 2008 to October 2012 were recognized 

in a sequence on the trained SOM. As time progressed, 

study sites moved from the fair condition of ecosystem 

health in cluster I to the poor condition in cluster II in-

dicating degradation of the ecosystem health in Awc (2011 

– 2012) showing the decrease IBI scores in cluster II (Fig. 

6b). These results supposed that biological health might 

be deteriorated as weir construction. Additionally, the 

further study should be continued to monitor the change 

patterns regarding overall factors such as physico-chemi-

cals and biological health.

ing (Fig. 6). The study sites were firstly grouped along the 

impact of organic pollution and secondly to the periods 

of weir construction (Fig. 6a). The clusters were vertically 

arranged according to degree of pollution: the study sites 

with severe organic pollution appeared in the lower area 

of the map (e.g., cluster I), while relatively clean sites were 

grouped in the upper right area (e.g., cluster II). Several 

specific water quality factors related to the impact of weir 

construction and nutrient pollution such as Flow, TN, 

TP, EC and Chl-a were measured based on clustering by 

SOM. Fig. 6b showed the differences in physico-chemical 

water quality indices related to IBI scores. Chemical indi-

ces were clearly differentiated with statistical significance 

among different clusters. In the meantime, we monitored 

Fig. 6. The map trained by Self-Organizing Map (SOM) for clustering study sites along the weir construction in Geum River watershed from 2008 to 2012.

a b

Fig. 7. Principal Component Analysis (PCA) of the three weir (Sj-W: Sejong-weir, Gj-W: Gongju-weir and Bj-W: Baekje-weir) constructed in Geum River 
watershed during 2008 - 2012, based on biological components (tolerance guilds, trophic guilds, fish composition, IBI model values) and physico-chemical 
factors.
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ter column (including hypolimnion) may increase in the 

systems. And, stream health, based on the IBI model, was 

more impaired after the weir construction. Further re-

searches are required to manage and predict the health 

conditions of artificial weir ecosystem.
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