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Abstract  This study analyzed the monitoring results of fishways at 16 weirs constructed on four large
Rivers to provide data helpful for the operation and management of fishways. The average utilization rate of
the fishways at the weirs was confirmed to be 64.9%. When comparing the dominant species in the mainstream
and fishway monitoring results, differences were observed in 9 weirs (56.3%). This indicated that the species
prevalent in the mainstream were not necessarily the ones most frequently using the fishways. The average
number of individuals using the fishways per day was 336. When classifying the fish species using the fishway
by life type, 92.3% were primary freshwater fish, and migratory species accounted for only 5.6%. Analysis
based on the season of fishway usage revealed that an average or higher number of fish species used the fishways
from May to October, with the highest number of individual users occurring from June to August. Between May
and July, 80% of the fish species using the fishways were in their spawning period, while during other season,
less than 40% were species that move during the spawning period. The fishways that showed a significant
alignment between the spawning period and the fishway passage period were Rhinogobius brunneus, Leiocassis
nitidus, Squalidus chankaensis tsuchigae, Pseudogobio esocinus, Acheilognathus rhombeus, and Pungtungia
herzi, in that order. When comparing the fishway monitoring results of the Gangjeong-Goryeong Weir and
the Dalseong Weir with the upper part water level of the weir, both the number of fish species and individuals
using the fishway showed positive correlations with the upper part water level of the weir. This suggests that a
higher water level of the weir increases the inflow discharge within the fishway, leading to increased use by fish
(number of individuals in Gangjeong-Goryeong Weir, P<<0.001; number of species in Dalseong Weir, P<0.05).
This study summarized and analyzed the results of fishway monitoring at 16 weirs built on four large Rivers,
considering fishway efficiency, operation and management, monitoring period, and regulation of water level in

Manuscript received 8 November 2023, revised 5 December 2023,

revision accepted 8 December 2023

* Corresponding author: Tel: +82-54-680-7360, Fax: +82-54-680-7329
E-mail: grandblue @nie.re.kr

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 348 —



H+0{F9| st 0= 0| 349

the upper part of the weir. It is thought that this will help understand the status of fish use in fishways on large
River and aid the construction, operation, and management of fishways in the future.
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period, migratory fish, spawning period
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Fig. 1. Locations of 16 weirs in four major Rivers (black circle,
field survey, gray circle, literature survey). 1, Gangcheon Weir; 2,
Yeoju Weir; 3, Ipo Weir; 4, Sangju Weir; 5, Nagdan Weir; 6, Gumi
Weir; 7, Chilgog Weir; 8, Gangjeong-Goryeong Weir; 9, Dalseong
Weir; 10, Habcheon-Changnyeong Weir; 11, Changnyeong-Haman
Weir; 12, Sejong Weir; 13, Gongju Weir; 14, Baegje Weir; 15,
Seungchon Weir; 16, Jugsan Weir.
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Table 1. Type of fishway installation 16 weirs in four major Rivers and number of monitoring (The references by survey year can be found

in Appendix 1).

Divisions Number of monitoring (¥, field survey)
Rivers Weirs Fishway types 2012 2013 2014 2015 2016 2017 2020 2021  Total
Gangcheon Ice-Habor 3 6 9
Weir Nature-like 4 8 12
Ha.ngang . . Ice-Habor
Rvier Yeoju Weir .
Nature-like
Ipo Weir Nature-like 4 4 8
Sangju Weir Nature-like 6 9 4 3 22
Nagdan Weir Complex 2 9 5 3 19
Gumi Weir Ice-Habor 2 9 5 4 20
Chilgog Weir Complex 5 9 5 4 23
Gangjeong_ Ice-Habor 1 5% 5% 16
Nakdonggang Goryeong Weir Nature-like 1 6
River
. Ice-Habor 1 6
Dalseong Weir .
Nature-like 1 5% 5% 16
Habcheon-
Changnyeong Complex 4 4 4 12
Weir
Changnyeong_ Pool and weir 2 8 4 4 4 22
Haman Weir Ice-Habor 3 8 4 4 4 23
Sejong Weir Nature-like 8 10 8 12 5 43
Compl 3 15 8 12 5 43
G.eumg ang Gongju Weir omprex
River Ice-Habor 5 14 12 44
Baegje Weir Nature-like 2 17 6 14 39
Yeongsangang Seungchon Weir Ice-Habor 3 8 5 16
River
Jugsan Weir Ice-Habor 3 5 8
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Table 2. Occurrences and dominant species of fish in the area of weir placement. The fish collected in the main channel and fishway were
differentiated, and the proportion of total occurring species by weir was calculated.

Divisions Species Dominant species
. . . Ratio of Lo
Rivers Weirs Sites Numbers . Scientific name RA (%)
total species (%)
Main channel 31 - Zacco platypus 36.7
Gangcheon Weir Fishway 37 84.1 Zacco platypus 322
Total 44 - Zacco platypus 33.8
Main channel 21 - Zacco platypus 48.1
Hangang Rvier  Yeoju Weir Fishway 39 92.9 Rhinogobius brunneus 84.2
Total 42 - Rhinogobius brunneus 82.3
Main channel 30 - Zacco platypus 44.8
Ipo Weir Fishway 24 68.6 Zacco platypus 42.6
Total 35 - Zacco platypus 43.7
Main channel 41 - Opsariichthys uncirostris amurensis 20.5
Sangju Weir Fishway 26 60.5 Opsariichthys uncirostris amurensis 31.8
Total 43 - Opsariichthys uncirostris amurensis 25.8
Main channel 33 - Opsariichthys uncirostris amurensis 38.5
Nagdan Weir Fishway 20 57.1 Erythroculter erythropterus 63.9
Total 35 - Erythroculter erythropterus 36.7
Main channel 32 - Opsariichthys uncirostris amurensis 47.0
Gumi Weir Fishway 19 59.4 Erythroculter erythropterus 44.0
Total 32 - Opsariichthys uncirostris amurensis 40.7
Main channel 28 - Squalidus chankaensis tsuchigae 31.0
Chilgog Weir Fishway 14 50.0 Opsariichthys uncirostris amurensis 38.0
Nakdonggang Total 28 - Squalidus chankaensis tsuchigae 28.6
River .
Main channel 21 - Erythroculter erythropterus 29.0
Gangjeong- Fishwa 17 70.8 Erythroculter erythropterus 50.0
Goryeong Weir Y ’ Y rytarop ’
Total 24 - Erythroculter erythropterus 37.7
Main channel 23 - Erythroculter erythropterus 46.5
Dalseong Weir Fishway 15 60.0 Erythroculter erythropterus 62.8
Total 25 - Erythroculter erythropterus 55.2
Main channel 32 - Erythroculter erythropterus 433
Habcheon- Fishwa 15 45.5 Erythroculter erythropterus 66.2
Changnyeong Weir Y ’ "y rytrop ’
Total 33 - Erythroculter erythropterus 48.7
- Main channel 32 - Erythroculter erythropterus 349
angnyeong- .
Haman Weir Fishway 25 75.8 Erythroculter erythropterus 51.5
Total 33 - Erythroculter erythropterus 47.1
Main channel 42 - Hemibarbus labeo 18.4
IC{}ie\:Jer:gang Sejong Weir Fishway 46 92.0 Squalidus japonicus coreanus 20.6

Total 50 - Squalidus japonicus coreanus 19.2
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Table 2. Continued.
Divisions Species Dominant species
. . . Ratio of Lo
Rivers Weirs Sites Numbers . Scientific name RA (%)
total species (%)
Main channel 45 - Squalidus japonicus coreanus 335
Gongju Weir Fishway 34 73.9 Hemibarbus labeo 343
Geumgang Total 46 - Squalidus japonicus coreanus 21.4
River Main channel 42 - Microphysogobio jeoni 28.8
Baegje Weir Fishway 22 50.0 Opsariichthys uncirostris amurensis 61.2
Total 44 - Microphysogobio jeoni 26.0
Main channel 43 - Lepomis macrochirus 22.6
Seungchon Weir Fishway 25 55.6 Hemibarbus labeo 29.6
Total 45 - Lepomis macrochirus 19.0
Yeongsangang
River . .. . . .
Main channel 38 - Opsariichthys uncirostris amurensis 25.5
Jugsan Weir Fishway 16 42.1 Squalidus chankaensis tsuchigae 30.9
Total 38 - Opsariichthys uncirostris amurensis 22.3

RA, relative abundance
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Fig. 2. Fishway utilization status of fish according to the monitor-
ing period. (A) Total number of fish species utilizing the fishway
each month. (B) Average daily count of fish utilizing the fishway
each month.
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(A) Status of spawning periods of 80 species collected from the
mainstream and fishways (each species having a spawning period
ranging from a minimum of 2 months to a maximum of 4 months,
analyzed using 4 references). (B) Number of fish species among
monthly fishway users during spawning periods. (C) The relative
abundance of fish species during the spawning period.
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Fig. 4. Results of the analysis of the proportion of individuals in spawning period among the top 30 fish species utilizing fishways the most

(black indicates spawning period).
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Fig. 5. Analyzing the fishway monitoring results, presenting the
monthly proportions by fish life cycle types (primary freshwater
species, migratory species, peripheral freshwater species) utilizing
the fishway (marine fish were excluded from the analysis as they
were not present).
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Fig. 6. Changes of fish species and individual numbers according to water level of upper part at Gangjeong-Goryeong and Dalseong Weirs.
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Appendix 1. References of fishway monitoring constructed at 16 weirs in four major Rivers.
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Fishway

Main channel

Rivers Weirs Fishway types Years .o o References
monitoring  monitoring
. Ice-Habor 2012~2013 o O Hyundai E&C, 2013
Gangcheon Weir i .
Nature-like 2012~2013 o O Hyundai E&C, 2013
Hangang _ Ice-Habor 2012~2013 o o Samsung C&T, 2013
Rvier Yeoju Weir .
Nature-like 2012~2013 o ¢} Samsung C&T, 2013
Ipo Weir Nature-like 2012~2013 o ) Daelim, 2013
National institute of environmental
O (o]
2012 research (Nakdonggang river), 2012
Sangju Weir Nature-like 2012~2013 o o Hyundai Development Company, 2013
2016 ¢} e} K-water, 2016
2017 e} e} K-water, 2017
2012~2013 ¢} ¢) Doosan E&C, 2013
Nagdan Weir Complex 2015 o o K-water, 2015
2017 ¢} e} K-water, 2017
2012~2013 ¢} o) Posco E&C, 2013
Gumi Weir Ice-Habor 2015 e} e} K-water, 2015
2017 ¢} ¢} K-water, 2017
2012~2013 o ¢} Daewoo E&C, 2013b
Chilgog Weir Complex 2015 o o K-water, 2015
2017 o o K-water, 2017
2016 o o K-water, 2016
Ice-Habor
Gangi 2017 o o K-water, 2017
angjeong-Goryeong
Weir ‘ 2016 o o K-water, 2016
Nature-like
2017 o o K-water, 2017
Nakdonggang
River 2016 o o K-water, 2016
Ice-Habor
2017 ] o K-water, 2017
Dalseong Weir
. 2016 ¢} ¢} K-water, 2016
Nature-like
2017 @) e} K-water, 2017
2015 @) e} K-water, 2015
Habcheon- (1 lex 2016 o o K-water, 2016
Changnyeong Weir
2017 @) @) K-water, 2017
National institute of environmental
2012 © © research (Nakdonggang river), 2012
) 2013 o o GS E&C, 2013
Poolandweir 5,5 o o K-water, 2015
2016 o o K-water, 2016
Changnyeong-Haman 2017 o o K-water, 2017
Weir Nati linsti £ . 1
2012 o o ational institute of environmenta
research (Nakdonggang river), 2012
2013 o o GS E&C, 2013
lce-Habor 2015 o o K-water, 2015
2016 e} e} K-water, 2016
2017 ¢} ¢} K-water, 2017
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Appendix 1. Continued.

Fishway = Main channel

Rivers Weirs Fishway types Years .o o References
monitoring  monitoring
2012 o B National institute of environmental
research (Geumgang River), 2012
. . . 2013 e} e} Daewoo E&C, 2013a
Sejong Weir Nature-like National institute of envi al
ational institute of environmenta
~ o o
2013~2015 research (Geumgang River), 2015
2016 ¢} e} K-water, 2016
2012 o B National institute of environmental
research (Geumgang River), 2012
2013 ¢} - SK ecoplant, 2013
Complex Nati 1 institute of i tal
ational institute of environmenta
~ o o
2013~2015 research (Geumgang River), 2015
Geumgang
River . . 2016 ¢} ¢} K-water, 2016
Gongju Weir
2012 o B National institute of environmental
research (Geumgang River), 2012
2013 ¢} - SK ecoplant, 2013
Ice-Habor National institute of envi tal
ational institute of environmenta
~ o o
2013~2015 research (Geumgang River), 2015
2016 (¢} e} K-water, 2016
2013 ¢} - SK ecoplant, 2013
. . . National institute of environmental
- ~ (@] O
Baegje Weir Nature-like 2013~2015 research (Geumgang River), 2015
2015 ¢} ¢} K-water, 2015
National institute of environmental
o o
2012 research (Youngsangang River), 2012
. 2013 o o Hanyang, 2013
Seungchon Weir Ice-Habor . L .
2013 o o National institute of environmental
Yeongsangang research (Youngsangang River), 2013
River 2015 o o K-water, 2015
2012 o o National institute of environmental

Jugsan Weir Ice-Habor research (Youngsangang River), 2012
2016 ¢} e} K-water, 2016






