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The Impact on Fish Assemblage by the River Connectivity Fragmentation: Case Study of the Danjang
Stream, South Korea. Seung-Been Heo' (0000-0002-7444-7900), Kang-Hui Kim' (0000-0002-8129-9934), Donghyun
Hong' (0000-0002-7712-2685), Hyeon-Sik Lee' (0000-0002-1060-2430), Gu-Yeon Kim* (0000-0003-1071-0383), Gea-Jae
Joo! (0000-0002-5617-7601), Hyunbin Jo'** (0000-0001-8064-7880) (‘Department of Integrated Biological Science, Pusan
National University; *nstitute for Environment and Energy, Pusan National University, Busan 46241, Republic of Korea;
3Department of Science Education, Kyungnam University, Changwon 51767, Republic of Korea; “Biodiversity Center,
Kyungnam University, Changwon 51767, Republic of Korea)

Abstract  Anthropogenic disturbances on freshwater ecosystem are known to degrade biodiversity,
especially on fish assemblage. In this study, we have conducted fish surveys to identify impact of a bridge
construction on fish assemblages. A total of eight study sites were surveyed in the Danjang and the Dong
Stream in southern part of South Korea from June to November in 2021. The fish samplings were carried out
five times, using cast-nets (10 X 10 mm mesh size), scoop-nets (4 X 4 mm, 5 X 5 mm mesh size), set-nets (10 X 10
mm mesh size), and fish traps (3 X 3 mm mesh size), along with the Stream/River Ecosystem Survey and Health
Assessment by the Ministry of Environment of Korea and basic water quality measurement. Also, we applied
the species diversity index and length-weight relationship regressions on certain species to identify interspecific
growth rate differences in accordance with study sites. As a result, a total of 782 individuals, 23 species and 10
families were collected. The dominant species was Zacco Koreanus and relative abundance was 50.89%. When
applying the length-weight relationship regressions on certain species, the ‘b’ value for Z. Koreanus was lower
at the downstream points than at the upstream points of the construction site. In addition, when comparing to
the results of the past survey, relative density of demersal fish at the upstream and downstream points decreased
from 26% to 1.4%, and from 18% to 6.3%, respectively. In conclusion, it is considered that bridge construction
negatively affects the habitat of fishes, especially on demersal fishes. Therefore, appropriate conservation efforts
such as installation of silt protector and sand sedimentation pond are needed to alleviate the disturbance in habitat
such as occurrence of turbidity and destruction of micro-habitats.
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A 70'g (River Continuum Concept)2 3} 9]

3

7] 7ol st oo wat AAlss AE
A 2 H3l= AL 9u]gtch(Vannote et al., 1980;
Doretto ef al., 2020). ©]°] &3l= s1H ] FHAEHLS
w3k el glo] Eo] HEER| §hi T2, T &oA A
£9 olF EF AALHE AL W H (wein)th ‘:“94
AAL ol 9] $3 AHAHES DEAA - A

9 AgAt 23 FAdE & n2Es Aes %_]'
A Atk (Park et al., 2003; Lee et al., 2010). $-2vf2ho]|
A HEAY =AY gHeE wF HAS {8l oY
g JAFEY} W HR sHHE TIEAEE 4F FAE
o] HIM3] AgPE|glon, o] SHHAAHA s doF
o} (Kim ez al., 2005b). ¥ A4 o]Fo= HEE] A%
o] I &1l o]FH R} AdkE= Adt Zo| sHHAYEA
7h st Hm T80 2 tHe A4ste BE F3 ol
gt AETddol Hdasdte ZA7E EAET (Lucas
and Baras, 2001; Liu et al., 2019). 21 Fo| A 3FAAE}A
o] A9 dddAl &3t olfe= ANAA wgte] o)
o2 A2 7 R HAY EYFQ Ao Ze AFYH
% FEFS eI FAlO] SEAAF N Frol 22 35t
A3l ajlef o3t P AQ FIFE TS 5= o] THW3

o2 a2

2
[}
= e

A sk
e b

il
=

1
i)
o

5}EO
o-Gok'r—-?

o W3] 4hg-3tA) Hrh(Kim ef al., 2020). T W37} of
Fol WX & GEFL )7 Pol-FA BARM St Lol

L

WA A4
{1t} (Froese, 2006; Hong et al., 2022).

S AFgHoz = HHoga Qg=3} £

_1

SHd F FREC o8 WA st= 759 wsket shAt
Fz9 WYL o8 ZHo| I3 Fe IS u|xA =
th(Choi et al., 2000). 3+ F=o] M3IIZ Q3] A XA o]

OO

5 (demersal fish)2] S&o] Eoj=+ W, WE F&2
<8 S 5 Sl 45 F$34 o+ (benthopelagic fish)
9 £dgo] &4 Ueh}7| % gth(Park and An, 2014). 9
o 2e ATH DAL olRe) BYA Tt 1 9T
9] Ar 7t thE 715A o] 2R3tk (Levin et al., 2009). A
A4 o= ShA uie o] wieju AH ool A T2 A4
sz offFold, Bie HiZ foA WEAY FFA = FH
=2 Jehdith AAA o2 Exg Wiy} ol S8
(negative buoyancy)= 7HA, AAAHA vtz 7hakor
2 4 otk olsk @el, 324 ol wht sl vet
I T35 (midwaten S AR5 23 74 B3 of
FolH, $A4%H (neutral buoyancy)g g & =¥
glo] EoA "Hod & ok 55 HRT 3 dF =
£ 44E Ad 849 HgE —I—EHOPJ"’— ol AAMA of
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7O AAA A om f & dFFE vA7| = ok
(Kwak and Huh, 2003). 3} &7 o gt vrom WA=
EAEL stE 7t=AN=2E 44 %ol soiddl wet
A NAZLZ A= Qlth(Paragamian, 2002; Peronico
et al., 2020). o] gt o]-F2 AF | of Gl Holut Hoj
tiall, RAS AAn 22 Ag AE EAete] e
Aol i F=H 2 T} (Li et al., 2013).

HEHE FAAEE GEA o A s ‘?-_-°ok7c}94 A1A
., 957 ARA T ot AdAF
2 FG3tH 0|t (Lee ef al., 1998). A& ?}7401] =4
oy (Lampetra reissneri), &' A5 (Acheilognathus maju-
sculus), @S 210|312 (Koreocobitis nactongensis) X 1L

]%1}7]1 (Pseudobagrus brevicorpus)?t 2 HE97] ofF
WAES TUD 1 1FES ANl Fag ot 9
E]-(Yang, 1973; Kang, 2011). Z2{4 2 2020878 &
RN MEL ngF Aol P 20219 297
A @ AN E g7 LEAIYS AU st e
2§} Choi er al. (2005)9] AT ThEw, B
AE Q% g4 U Y HStE AR FF= T
Aekw A&stgon], RRIAE olst ge Faol
& Ao g g

weld £ a7 w3 Ay
A A AR S 012** ﬁm}—
polet &, Ttk 2 ot &
F7HA ) A 2 Q191A 1 A 9 7]—-—
AR2A 1 4BE AT + Y A2 ARE

El of

FBL

?2_

1. ZAAZ| ¥ X1

B 2 29" AL f9m o] 350.13km’:
IAHA Y ok 76%7F EIL 600 molA] 1000 mo]] 0|2 A
A2 oA 9lom FZ AR 43.15 kmo] B3t} M
2 FE QLR o|Fo|A glon HAEHA = HFRE A
2 e A= FARS UERATH(Hwang ef al., 2009). ZAL

7172 20219 69HH 11¥7tK]0]9 F 53] A% XA}
£ AAETh AddE DA gAY 54 W F 87K
o] A (Fig. DolA &% A AASEE 2T St 1~2+
FAAZ 71& AHR, St 32 FAMAA, St 4~8 FAMAH
7|1 sHFolt (Appendix 1). 2+ ZAA|H O] FAH 7 F4
¢} GPS 3= Table 137} Zth,
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Fig. 1. A map showing study stations in Danjang Stream, Korea.
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Table 1. Location of study stations and GPS coordinate (latitude &longitude).

Stream

Address

Latitude & Longitude

St. 1 Dong stream

475-1, Huigok-ri, Sanoe-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

N35°31'32.45", E128°51'15.06"

St. 2

St.3

St. 4

St. 5 Danjang stream

St. 6

St. 7

St. 8

922-1, Danjang-ri, Danjang-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

982-1, Geumgok-ri, Sanoe-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

1300-1, Dajuk-ri, Sanoe-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

930-11, Dajuk-ri, Sanoe-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

584-10, Hwalseong-dong, Miryang-si,
Gyeongsangnam-do, Republic of Korea

177, Geumcheon-ri, Sanoe-myeon, Miryang-si,
Gyeongsangnam-do, Republic of Korea

584-2, Hwalseong-dong, Miryang-si,
Gyeongsangnam-do, Republic of Korea

N35°31'32.34", E128°51'14.92"

N35°30'4.87", E128°49'40.02"

N35°29'54.09", E128°4923.25"

N35°29'38.76", E128°49'14.98"

N35°29"26.86", E128°48'18.40"

N35°29'40.31", E128°47'52.76"

N35°29'57.623", E128°47'5.74"

2. ZA Wi S w

ZF A -eA Y] B &A= SHd
Z 2AA A MY AR 2AE

Aol A AAISHATH
2 dstel, A =rE
L E7(10X 10 mm mesh size), £ (4 X4 mm, 5X5 mm
mesh size), 3F A X% (10 X 10 mm mesh size), 2 (3 %3

mm mesh size)& A2 TH B2 3 A A 5Y 2l

2ol 10814 AHgate] ZAEOM, SR FHE 7]

F£o=2 4517 50mH, F 100mE 3087 3% 122 %

S0 m, TRFRE AAA (%, SER St ZEE
2 STk £UT Sojo] A9, St 1~3, St 5~84] A+
Hgick. St 29 89 B9, BAR AT FHE vwE 9
sto] SHANFIY FLS A WFRAE AW
o, 94 olF0 ok olF BE HUT 5 YES 24
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Table 2. Water quality parameters surveyed at 8 study stations in Danjang Stream.

Date Study DO DO H Temperature Conductivity Salinity
station (mg0O, L™ (%) P (°C) (uS cm™) (ppt)
9.14 102.7 7.85 21 60.3 0
2021.6.5
12.5 147.8 9.5 23.9 91.9 0
2 10.42 120.9 9.2 23 443 0
5 8.83 107.7 9.16 25.2 85 0
2021.6.23 6 10.93 138.1 9.59 27.6 88.7 0
7 9.15 111.6 8.99 26 97.4 0.1
8 9.46 114.4 9.11 23.5 100.2 0.1
2 6.97 92.1 - 29.5 99.4 -
2021.8.5
8 8.72 118.2 - 31.6 128.4 -
1 8.82 99.9 7.28 21.4 103.7 0
2 8.75 101.5 7.58 227 79.3 0
3 10.43 123.8 8.8 24.1 81.2 0
4 8.61 102.4 7.82 24.5 82.3 0
2021.9.18
5 6.55 114.1 8.1 243 83.2 0
6 7.89 93.8 8.24 24.1 95.4 0
7 9.06 108.1 6.6 242 118.7 0
8 9.73 119.5 8.85 26.2 101.1 0.1
*li T AX T & 3431 th(Overnight). Pielou, 1966). =3t QYA wo] B o7 FF

2t Agvieh BARAN AR SR A4 U ug
BIHMMOE, 20208k, 71243 248 2 A3
CSHE A4 9 e Aol 7 BoleEe) 3
A 71ES B B4 2R00 AA4S Boe
3 A AE DO meter (YSI Incorporated, 550A)
S o|&3to] 522 (°C)1} §E2AAT (mg L™, %), pH meter
(Thermo Scientific, Orion Star A221)E ©]£3}4 pH,
Conductivity meter (YSI Incorporated, 30)E ©]&3}o] A
Z|A=EE (uS em )% A= (ppyE SAEAT

HHE olfe @FNA 548 2 EFHAL A (cm,
+0.1cm)@ BAl(g, £0.19)E AT H, o= AU 2
55 goio] 54 U A% Selo] B 24 AW A
Aol Wralsich. AWH oiwe] 4 % BHE Kimand
Park (2002)2 Wi, 5 A A= Nelson (2006)S w5k
o}.

heg e

3. =%

AL
1z
0z

EH
=

WY A ol

oz

TR E vusy] Y 74 2

AR GANA o7 2HY G E A+ H), TRE AS
(RD, #5= AF(E) 2 £H=E A5 (D)E A=A
(Simpson, 1949; Margalef, 1958; Shannon and Weaver, 1963;

Qa0 mAE G serstr] Askol, 2 AW
YA EH o]F ZHL vlg o 2 Euclidean distanceS &
3 R H7F A= A4 (d; Similarity and distance indices)
£ A4rstglen, Bi7ksA BdAAH (unweighted pair-
group average, UPGMA)S ©]-&3t JIEHE AL835}o
dendrogram 2.2 YEFH It} (Podani and Schmera, 2006).
FAHE Z|5=2F UPGMA 24 Al St. 29} 894 Z3d 3
S G wjAE7] flste] PG FES
ol & HYE MASS Astr g A&kt
Q] WAL 2% Past (version 4.07b; Hammer et al., 2001)
£ &5kl IPH AU

A F 2 & (Relative abundance, RA)Y=(ZF £ 23 A
AAFE DA o7 A X 100 (%)= YR AL
AAAG 7o L= JHEE AAA o7 A/
AR AA A7 7HAG) x 100 (%)= A=A 2m A
AA o]} &4 o|FE FishBase (Froese and Pauly,
202)% olgate] FE}AT.

R AT AFL ol 43 WIH W olfol et 4
oy HlnE A3 AHGE Lol-FA AEBA (length-



F et e

ol

weight relationships, LWRs)<= SigmaPlot 10.0 (Systat Soft-
ware, San Jose, CAYS 3} A4FE|Ach A48 Zol-27)
AL obdhet 2t

W=aL’
Ln(W)=Ina+bIn(L)

W: total weight (g), L: total length (cm), a, b: B} 7 H4

Froese (2006)°| 41 A|A| gt viof| mha} 9] Aof 93] o
2 A ZS] ZAA A (the coefficient of determination, 1°)
7F 0.95 o] =371 7HA] o] 4 (outlier) S A AT
o, o} AH2F BFAS b3k ol STk ol-FA B

AAE S ol ik 8 2ol g FA
£ A& flal aetE s e, S o= oFY Al
3, b= oFY AT = 5“’51 gtz d E-8-Hr} webA
FT= WolAY a, b3ts vl T2 NAF FSHSH
E 7tgA o072 A3 4= 9tk (Froese, 2006).

P?iOﬂH 2o ¢ o3t

iy

o 5 b

Q9= et Apolat
FDO)T $& BEE

f%*% b}EPJ‘btﬂ é |&4
B9 DO7F 84, 94, 6
2 Wb, $22 89, 68, 98 w22 w7 Uehd
o 3, 2 RAMA &EARTE B IEE O] U
o, *4533*354 BT 22 BETH a2 9
3 FFS W2 AR HHETH(Gelda and Effler, 2002).
999l AY AH7|AE% (Conductivity)= AFolA a5
2 WeZd+E F7ete shd Y] dRbEl EAS UER
t}(Kang and An, 2006; Kwon and An, 2006).

ZA} A Aol i3t 3FH Al 2 susky 3
5 Table 30 YERRAT 3H A4 9 _/,\_ A3k W}

0 ox ol
mlo

Aol 2w, AFAH St 1L 2ol E LB et
H47} 515 AASol Hle) A om WA ek 4
AR YFEE EAGE o2t SuH YT &

o] YA|EtA A 7]5S K AOE BHE o F2 HFE
71&35t3 o, o|2 QI3 EE|F T2 o FoA A2]A|
ZH 3} (habitat fragmentation)} 22 TS FHT o
2 =} (Perdnico et al., 2020). St. 39| A= FJA7}
134, - ¢ 3t AT 5ok, 5 thFdol 42t 5
"oz, g AR5l W) AR ol ke, st 4

Table 3. Results of the Stream/River Ecosystem Survey and Health Assessment by the Ministry of Environment conducted at each survey stations.

Inundation

Riverside

Natural

Leeve

area
(Land in)

land
(Land out)

Sediment condition

river Diversity ~ Riparian

Natural

Transverse

material

of
velocity

channel

sand
bars

Year

structure

Right Left Right

Left

Concrete Dominated Total

Sand Silt

Right Large rock Gravel

Right Left

Left

Right

Left

10

10
10

20

Gravel

100

25 25

30
30

15
25

15
25

10
10

1

0
10
10
10
10

St.1 2021
St.2 2021
St.3 2021
St.4 2021
St.5 2021
St.6 2021
St.7 2021
St. 8 2021

10

20

Gravel

10
20
20
20
10
20

90
80
80
80
80
80
100

25

25

10

10

20

Gravel

20

Gravel

10
10
10

10
10
20

10
10
10

10
10

10
10
10
10

10
30
10
30

20

Gravel

25
25
25

25

30
30
30
30

20

Gravel

10

25
25
25

10
15
25

25
15
10

20

Gravel

10

10

20

Gravel

10 20

25
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Table 4. A list of fish species and number of individuals collected from the surveyed stations in Danjang Stream, Korea.

Sampling sites Total
Scientific name Korean name Remarks
St. 1 St.2 St.3 St.5 St.6 St.7 St.8 N RA

Cyprinidae oJojx}

Carassius auratus Hoj 1 1 0.13

Acheilognathus koreensis fAy s = 28 3 2 33 422 P

Acheilognathus majusculus 2294 F 1 1 0.13 P

Pungtungia herzi =17 98 1 4 1 8 116 14.83

Coreoleuciscus aeruginos zH4 g 3 12 11 7 6 8 14 61 7.80 X

Squalidus gracilis majimae &N 1 5 0.64 P

Pseudogobio esocinus L RE 1 1 0.13

Microphysogobio yaluensis =iz}t 2 1 3 6 0.77 P

Zacco koreanus FZAY 53 237 1 90 7 2 8 398 50.89 P

Zacco platypus 3] 2}u] 2 85 1 1 13 8 110 14.07
Cobitidae v e =t

Misgurnus anguillicaudatus o] g 1 1 0.13

Iksookimia longicorpus A7) 1 1 0.13 P

Niwaella multifasciata 40|y 1 5 2 8 1.02 x
Siluridae | 7] 2}

Silurus microdorsalis a]8-7] 4 4 0.51 P
Amblycipitide 7183

Liobagrus mediadiposalis A7HAH 2 2 4 0.51 P
Osmeridae djchH] o3}

Plecoglossus altivelis 2.9 2 2 0.25
Salmonidae Hojxt

Onchorhynchus keta Ao 1 1 0.13
Centropomidae AR 1}

Coreoperca herzi Z | 8 1 1 4 14 1.79 P
Centrarchidae ARy}

Lepomis macrochirus 227 5 5 0.64 A

Micropterus salmoides Hj & 2 0.25 A
Odontobutidae AT

Odontobutis platycephala A 2 2 2 6 0.77 P

Odontobutis interrupta AdZFAH 1 1 0.13 P
Gobiidae 5ol 3}

Rhinogobius brunneus o 1 1 0.13
Number of individuals 68 485 17 105 13 30 64 782 100.00
Number of species 8 15 7 5 2 6 16 23

RA, Relative Abundance (%); * Korean Endemic species; A Exotic species

15t 2| ol A Al ™ NIER (2018)9] 20189 =9 AAAE AaAA BEThd/do] oA, sh e

T ZAMET] wEH &ﬁ*P—r -0t St AT Aol A FddA &t olF o AT I
3hetao] Z+Zk 10801 e, a&5udFAdol 1588z Y £ & AL R JAHETJang et al., 2007; Kim et al., 2020).
B 2 2A AtEo Ao R #A Vebyt(Table
3). St. 494 H7FRG7F 7HASE AL o Ao AldE = 2. CixtMO| Oj23E X

2ol 7tu 2 13 B4 S ooty A3 5o wd
o] vrIF 7] YR o2 HotET) 99f 7o W A B ZAA F 102, 235%, 78270A17F AR = Ak A
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Table 5. Biological index of the fish community at the 8 study stations in Danjang Stream.

St. 1 St.2 St.3 St. 4 St. 5 St. 6 St. 7 St. 8
Diversity (H) 0.985 1.507 1.458 0 0.602 0.729 1.504 2.547
Richness (RT) 1.659 2264 2.118 0 0.860 0.390 1.470 3.607
Evenness (E) 0.474 0.556 0.749 0 0374 1.051 0.839 0.919
Dominance (D) 0.610 0313 0.404 0 0.739 0.462 0.269 0.099
30 o AEE O, FHE, #5E, $HEE A9Ed

n -t (Table 5), ThF=2= St. 894 2,552 7H EA Uelge

o, St. 2, 3, 7Ol A %= 1.4 o]49] gk el Bhde) ¥

20- ARG 77k SR 99l St 594 0.602.2 71

15

10

Ratio of demersal species (%)

1999 2012 2021
Year

Fig. 2. Proportion of demersal species at study station 2 (1999,
2012, 2021) and study station 8 (1999, 2021).

H BE o7 & A2 {EL AIREF (Acheilognathus
koreensis), %A 3 (A. majusculus) 5, & 63, 13F
o] =L, AA oFFY 56.5%= UEHT o=
St HHF I{F HI%E2l 28.8% (Kim et al., 2005a)
Hop gHoR & £AR, fREe] ZAXEAA
FETERT FYATI Bol ZASe] (Table 3), o
= 271 & BAE 7] YiEes AdET (Lee er
al., 2009). AA &8 °oF T $HFTS FEAY (Zacco
koreanus)® RA 50.89%% UElGoH, oo Hg£Lo =31
7] (Pseudopungtungia herzi, RA 14.83%)%} 32| (Zacco
platypus, RA 14.07%)2] =2 2 Ve tH(Table 4). S8 %
of BREES AHERZ HAuEH, St 1, 2,5, 6914 F2A
Y, St. 337} 89| X = 48] (Coreoleuciscus aeruginos), St.
TolME meulE SEEe Aol BEE AS Sl
% Aotk BRAel A, 2AAY Aoluid 23 &
o w7} 2Ao7] ol Fig 1) 2o} @ 2L YTEE
2 QIR B84 d, AAX T}, s AlRAILEY F
7t S22 A3 ofFY o]Fel Aol A L£HFY A
£A40] ddE Aoz FohEth(Hong ef al., 2004; Lee et
al., 2010; Perdnico et al., 2020). 9] FAFS] BEX| ¢ B4

A Yebgth EREE St 894 3.612 7HY =4 UE
wom, St 29k 39 ¢ 3 hFo] EAdte FHE 4
Hoh dH oz =4 Ueydt #5== St 6914 1.05
2 71 =74 UERI St 1, 2, 59014 0.6 o]3t2 B mF
A UEteh st 69 B9 AAE AA oAFe B F
dho]] Ex] ¢rot =7t AF LR A YEhd AR
wEH, St 1, 2, 5904 = FEAYL F-sE FE
Hol #3527t vy 2F2 71& Ho|= Ao R woE
A== St 13} 594 F5 =L} AdRtE A Z-2F 0.61, 0.74
2 7H 9k T St 73} 8ol|A] 0.3 o]FtE AjH o2 WA
YR, SRR (St 73 8)2 ARty o g g Fo] L[}
A k3l ThFgt FEo] EE= LR JHH. wet
A ZsHR A (St 8)T sHF AA (St. 7)I AFF A (St
)= HmA A FHE o]F YA FALA
A1 77 St 58 604 = JFAAY7 S-5HL ¢lo
tFge] B2 FAARE Ad A8 woH

St. 29} 8& Ao R HEFo| i oJFAY HIE
mtebsty] $J3) AMATL FFHLE Yol 2T F
AHE B4 E3 (Chae e al., 1999; Kang, 2011)Z} H] 1
gk AT, AAAY o7 et FEHAA e (Fig.
2). AFE T W AAA AFY AL =L St 2014 Azk
o] el wat 26.4%, 10.9%, 1.44%= AAHoR ZhA
st on, St. 8oA = 18.0%9 Y AHNEE7} 6.25%2 Z
23T ol Aol dovl= B fY. 45 |
3}, g2 wiskel -2 124 %1 3 L (Kim er al.,
2005b)0] -] g A AASk= AAA o7 H&
KA Aol A7 BAFAQ FFE v Ao wgdrt. 5
A AL 7HO] AIZHH 7HF o] oF 1092 Hlw A W

AlZto] B2 Bof nHALR Qe IS P3| =
stz dloll= A7 SAg) £33 201090 JE &
}4 W 2 A (National Fishway Information System,

o L rlo
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Table 6. Similarity and distance indices among the fish communi-
ty in the 8 study areas of Danjang Stream (Populations collected
using set-nets and fish traps at St. 2 and 8 were excluded from the
analysis process).

St.1 St2 St3 St4 St5 St6 St7 St8
St. 1
St.2 4828
St.3 52.81 21.95
St.4 5337 2335 11.27
St.5 3739 84.03 89.79 90.14
St.6 4642 2140 812 922 8337
St.7 5283 2236 13.86 16.58 89.48 1536
St.8 5195 2191 6.63 1253 8890 9.70 837

2022)3 o] % zPH A SHHELFA(2011~20141)9k
13Fo] 7+ AB]AFY (2014~2018; Milryang City, 2022) 5
O 2 Qlgte] AAH SR uHEE 7Heol EAF=
Ao wAgEH, ojE AAM 9 FuAdL wwF A
FARH 319 T4 A&K4E DEAA AF 2 74
o] J&L 71st Aoz AlgHc) 2018, 20219 AFFHY
¢l NIER (2018, 2021) ZAto] W=, St. 40| A 2] #A] of
2882 2+ 6%, 4.6% 2, EAL o]|F ZHAstg ot Al
Zog Z AolF HolA| Yot WFHH AF 9 Zol=2 <l
g W3R ®H7|od= A7 itk wEbs 259 wEFdA
I 22 5k AZAE Adfshe F2EC He HIHE St
7] YalM= A A-TE Z3dste FFEHA BYEHF ]
aH

3. X|EHoil mHE ofF JHAIZ H|2

Z+ A 7F] SAM= A4E Euclidean distanceS

3to] Table 6 UEFWH ek fAR=7E 7H 39
St. 33t 8 AFO| 2, GAE X7} 6.6302 A Wo
3HF A1 St 6~83F FARF A St.3, 2 B2 Qs 4
5 7S] EAsk= St 4 el frAE AS7F 17 0]tz
WA et vlnd g2 fAES YEGIT ol St 3
oA FAR A3l F&rhdgol EolEx sho] 43t
go] stFQd A™ETL AR 2 F29 o4& o] THE
7] WEo2 FHEh(Kim er al, 2014). A4E 23 2t
o] #AE Y& dendrograme AMESHY] I EHS
g A, ZAAHL F 4719 cluster2 Y= e
o 5 AeH (Fig. 3), A WA= St 1, 7 WA= St. 5,
Al AAE St 3,8, 6,4,7, Ul WAL St 2& UH A St
& FAZE O] RO R L St. 49k 6& BTt Ao §lo] B
o] YolAL f&o] A= A T2 &4 Wstz
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Fig. 3. A dendrogram for the hierarchical cluster analysis based on
the fish assemblages collected at the study stations in the Danjang
Stream. We calculated the dendrogram using the UPGMA algo-
rithm utilizing Euclidean distance. Populations collected using set-
nets and fish traps at St. 2 and 8 were excluded from the analysis
process.

o8] 3= A9l st. 7, 81+ 3HLFY cluster® FEH
2 A2 "t (Chae ef al., 1998).

Wimberger (1992)0] 2H o]F& 27] Holg ¢
ZAA Q1 Apolof o AT W R A 7+ AP %
o7} yeld 4 th & 7o) Ao w2, AA &8

e

= k13

gl

_>,i

o1F F SAFW FSAFEY Lol-TA HBEA I
A% a®l ) A FAAUZE 0.0047, ekl 7H 0.0064,

=31717} 0.0057, &4 7} 0.01089] 7S vElWow, p3k
AZAY7L 3.28, wlgtu] 7} 3.16, 2317]7F 3.22, &4
2912 UElgth (Fig. 4). Froese and Pauly (2022)7} A|
At 40 3t a, b3k 3R] (Bayesian approach)2} A A
RS vl sto| HH (Table 7), A9 FZ2AY, w2t
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Wad 2 et A Slskgt. 27402 3
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AE FZAYY Zdo|-BA ZLTA 4o 2, I
A% b3EE St 1914 336, St 5OIA 3.102.8 FAXA 7]
Z ASAARY SRR H A AU o] AAFokAlo] AF
YHoz Bas A0E epitFig 5) B2AUY A
9 234 olRolut YRR HolUg T2 AHTLHZ
FEo £AZEOR 3= FA)E (insectivore) . 2 (Yang
,2012), 3 o 7o FFFE 7L shd A DA
Aow wetE it mEtA FAAF =R EH
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e X
—
L
.

et al.
299
£49=



45
(A) Z. koreanus
40 4
35 -
)
& 30
oo
Q
3 25
5
20 1
1.5 r2=0.99
InW =1n0.0047 + 3.279InL
1.0 r r . :
20 22 24 26 28 30
Ln(Total Length, cm)
5
(C) P. herzi
4
3
)
o 2
£
20
)
2 1
5
0
o r2=0.99
9 InW =1In0.0057 + 3.218InL
12 14 16 18 20 22 24 26 28 30

Ln(Total Length, cm)

239
4.0
(B) Z. platypus
3.5 1
3.0 1
w
_‘c:o °
° 25 [ )
2
5 L)
2.0 1
59
! 12=0.98
InW =In0.0064 + 3.16InL
1.0 T T T
22 24 26 28
Ln(Total Length, cm)
3.0
284 (D) C. aeruginos
26 4
24
W 274
=
W 0
2
E 1.8 1
1.6 1
14 4
1.2 r2=0.98
- InW =1n0.0108 + 2.911InL

2.0 22 24 26
Ln(Total Length, cm)

—— 95% Confidence Band

—— 95% Prediction Band

Fig. 4. Simple (linear) regression analysis on the data by calculating length-weight relationships. When 1* is over 0.95, the parameter b is (A)
3.28 for Zacco Koreanus, (B) 3.16 for Zacco platypus, (C) 3.22 for Pungtungia herzi, and (D) 2.91 for Coreoleuciscus aeruginosa.
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Table 7. Comparisons of dominant four species’ Length-Weight relationship parameters a and b between Bayesian approach and Field sam-

pling. Bayesian approach values were referred from FishBase.

Ln(Total Length, cm)

Bayesian approach Field sampling
Species
a b a b
Zacco Koreanus 0.00661 (0.00436~0.01002) 3.13(3.01~3.25) 0.0047 3.279
Zacco Platypus 0.00832 (0.00715~0.00967) 3.10(3.06~3.14) 0.0064 3.16
Pseudopungtungia tenuicorpa 0.00603 (0.00291~0.01246) 3.11(2.94~3.28) 0.0057 3.218
Coreoleuciscus aeruginos 0.00977 (0.00558~0.01710) 3.21(3.06~3.36) 0.0108 2911
40 34
(A) St. 1 53] (B)St. 2
351 Z. koreanus a0 | Z. koreanus
28
30
) W 26
£ £
® 25 o 24 4
Q Q
2 2 22
c [
= 20 5
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1.5 1
r2=0.98 6] r2=0.99
InW =In0.0038 + 3.356InL InW =1n0.0073 + 3.101InL
1.0 : v : 1.4 : - -
20 22 24 26 20 22 24 26
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—— 95% Confidence Band
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Fig. 5. Comparing simple (linear) regression analysis on the data by calculating length-weight relationships of Zacco koreanus between St.
1 (upstream study station) and St. 5 (downstream study station). When % is over 0.95, the parameter b is (A) 3.36 in St. 1 and (B) 3.10 in St. 5.

disturbance)s Z|4:3}5}7] 9J5to], FAFAA A= A
FH 2RE2d 22 L9=ES st HAEsS 29
e AARAZE 85T f50] wE Zohe 28
Auke] BEARA &I7F Yotbx]7] w&of (Oh and Song,
2003) &HA¢l 75 9 HAE AAE {5t 5Hd 7%
At 9 g5, A 449%. EAA 27 BHE
7HH oz A3 et AR 9 Alde AAsfoF &
f840] 31& Aoz FrhEth(Woo and Hwang, 1999).
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Appendix 1. On-site photos and standard of study stations in Danjang Stream.



