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Abstract In this study, we analyzed the effects of the presence or absence of weirs on fish assemblages in
wadeable streams (Stream order 1¥~4™). More specifically, we investigated these effects by evaluating the
differences in stream size. The results showed differences in the fish assemblages in third or higher order streams
(PERMANOVA, P <0.005). The presence or absence of weirs mainly affected variables such as the number of
species the individuals, and species richness index, whereas no difference was observed in the populations of
exotic, endemic, and endangered species. A SIMPER analysis showed that the common species Zacco platypus,
Zacco koreanus, and Pungtungia herzi are dominant in their corresponding streams (contribution >5%), and
that these are the main contributors to differences among the fish assemblages. All these species showed high
relative abundances at the sites with weirs. Altered environments by the presence of weirs provided these species
with concentrated habitats. In summary, this study analyzed the effects of weirs on fish assemblages on a broad,
nationwide, scale, and these results can effectively aid future studies on the specific effects of weirs.
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o] Hajet #Hst] 2 A7} o]F01H o0 (Peter, 1998;
Penczak and Kruk, 2000), ©]]oll= th=9] Ao B 7} 3}
A9 2YAQA AAA a9 offFA A= Al o
3|4 AF= T (Helms er al., 2011). o] 23 ATLEL iR
3 87} ol o[5S AR ol T F2ATIE 5
A2 YT Uetl= Aoz Bustg on(Porto et al.,
1999; Lucas et al., 2009; Thoni et al., 2014), ©]+= E7} o]F
el pX = YREAQl o2 AA =L gk vhH B
79 o5& Y= Ao w AFSHA|NL, ol= ] UF (inva-
sive species)?] AR ®X|317] = $tt}(Brown et al., 2005;
Marion et al., 2012). T3+ B7} A= ET]F A0 EX
B2 (specific taxa) S 7] 7]= S (Thoni et al., 2014), &
HAQ e U wasol ek, Wt olREA) A
FFE F7HEE Apo|7} lom, YT 57t oA = A
HEZ zpo]7) Q= A oZ2 B EIth(Holcomb et al., 2016).

Shrofl A Hol #aEle= 2010 o] FRE TAL 71A]7]
A& ol Sl fAAer Hol dg 9 YXE A
o ARSI, MRA o= 34,0007] ool A= ¢
= Ao 3Rk (Cha et al., 2015). ¥HH, o] B7} &}
9] ol el MAL o] TR AT oba7A) BA
Ak U4 Q77h Bl 28 gies By A4A wd
(physical habitat simulation model)& E-83}of, H7} o7
X417 W3jol) v]A] Fo] ATEI AL (Im et al., 2011),
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olf7] el ZALA A|<]3ttt(Yoon et al., 2011). 3t
A= 1:120,0009) =S 0|83 Strahler (1957)2)
WS vt 248 2) A ool fIA]g 21 -7 5hd
W =214 mekadlo] WAt Qe 28-S AlQlslt. g
=9 EARHO] A WY shH} v|wste] g4 o7
A Ao w9 Ajg-A ot} wetA W& shdate] 25 A 1
Hjw7} oYt shFANe} 22 Al n@ale g
A9 olfyel & FFS F7] "o & A 2t
P A 5 ik o] 8 EUZ F 608709 A - AEst
o ZAZF AA = ek (Fig. 1).
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et F 200 m 7k A AAEeH, “AE 5
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mm)< ©]-§5t] ZAE $ITH(MOE/NIER, 2008). 3%
Fe A%l T4 2 Agste FRFeHEeH, 482 Kim
and Park (2002)Z, 254 A41= Nelson ef al. (2016)& w5kt}.

R AR Al RO - Fof mEbA ®Ib Q1= A1 (weir
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HE MA+E ol-&sto] 45k

A (1~42H8 WASSE WPS AFE 7t 67 AF
T 24 FE9 Aol BHlES HAQ! Mann-Whitney U
testE o]-&3}o] B3} TH(SPSS Inc., Chicago, IL, USA).
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PERMANOVA (permutational multivariate analysis of vari-
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Fig. 1. Map with the study sites. WAS and WPS represent weir absent sites and weir present sites, respectively.

ance) £42 AX|51 2 M (Anderson et al., 2008), SIMPER
(similarity percentage) 24-& B34 o} FTH 2lolof 7]
St FTS RISk BAS
A4 A=A FE WAGE square-root-transforming il
Z} pairwise assemblage®]] t}3t Bray-Curtis similarity index
£ 49513t PERMANOVA #41} SIMPER 242 &
% Primer 6 (Primer-E Ltd. Plymouth, UK)& ©|-&3}%it}.

93t Similarity matrix+=

1}

Z 6087 Fof| thet AL A3h, A o7 Bt (£ EE
Hap) 2455 9.7+4.2, AASFLE 245.5+177.82 SIS
Th(Table 1). AA| AN $HF oFHFL2 242} w2t
u| (Zacco platypus; AHNERE, 32.1%)}F ZHAY (Zacco
koreanus; 20.7%)% YEFGTE st E o727 B4 A
% 29 37 9 ¥ =8 MAe= A7 Sl
o A oR ZARHE AL tepgon, ol et o

Z3} o} 9 HEE 2ol HHH ek,

WASSH WPSE E2& of & &8 T, 5 &9 Al
T THE FEL2 shakpol wet Fap ke fEE o

EFth(Fig. 2). Mann-Whitney U testE -85t < &2
F2Eo| tig] v|wst A} (219} 23} FHHAE WASSH
WPS 7t Zpo]7F UehER] ke w (P>0.05), 32+9} 42 8f
A BS TARLE FY7 Jo](P<0.05)F A T
9 Aot BE o] & 30 FE2 33k} 47} s BE
WAS®} vlwste] WPSOlA & =4 Uehsth mebA, 32k
o]de] st oA K7t o T4 & A S7tel 584
ol P A= AL FAT 5= it ol9] F A
F, IRE WA, BE3F A Z STkl S7kste
B BHYou, S7HEE 2R itk =3 A WAS
o} WPS 7t B4 B3 (P>0.05) A= §-2Jgt 2fo]E UL
WA oo B O] & Fof mEhA gk WA Y= A= Y
Epst)

PERMANOVA®] €3] S48 19| §- o] w2 of
FoA FAPEE 24T A3 12K(F, 1.14; P, 0.375)¢} 2
A}(F, 1.57; P, 0.118) 3P 9] o}7t3]E Ao)7} gl A2
2 FolEjglon, 3x}(F, 2.52; P, 0.011)2} 42}(F, 2.68; P,
0.012) 3149 o|FTHE TAZHLE {3t AolE YE
Wt SIMPER £41& &8 32} sp&at 421 5131 9] WASS}
WPS 7t o]F-723 9] average dissimilarity= 22} 71.44%2}
65.64%= VrEr o, ztojof 7]ojsks 85 w2hv|(Z
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Table 1. Number of study sites and characteristics of fish communities based on stream order. WAS and WPS indicate the absence and pres-

ence of weirs, respectively. RA indicates relative abundance.

Number of site

Fish community

Stream
order No. species No. individuals Dominant species Subdominant species
Total - WAS — WPS i n+SD) (Mean+SD) (RA) (RA)
™ 33 24 9 52%3.1 177.0+130.7 Zacco koreanus Rhynchocypris oxycephalus
(27.7%) (27.1%)
o 144 98 46 74132 211.2+132.4 Zacco koreanus Zacco platypus
(25.9%) (22.1%)
34 248 175 73 9.9+39 258.3+190.4 Zacco platypus Zacco koreanus
(35.0%) (20.5%)
4" 183 128 55 12.2+39 264.7+191.2 Zacco platypus Zacco koreanus
(36.0%) (17.1%)
Zacco platypus Zacco koreanus
+ +
Total 608 425 183 9.7+4.2 245.5+177.8 (32.1%) (20.7%)
16 400 3.0
b Total species ok Total individuals - Species richness
25
@ 12 § 300 %
8 10 g % 2.0
4 2 2
5 8 5 200 é 15
g 5 3 g
E £ 210
zZ 3 100 (%
2 ——— a,280;b,1.90; ’=0.99 ——— a,49.40; b, 114.39; *=0.97 0: 2,0.39; b, 0.50; *=0.99
a,2.15; b, 3.29; *=0.99 a, 24.50; b, 163.38; °=0.85 ——— a,049;b,0.26; ’=0.99
0 . ; . . 0 T . : : 0.0 . . . :
1 2 3 4 1 2 3 4 1 2 3 4
10 160 10
Exotic species - Endemic species Endangered species
2 81 ——— a187b-234r=070 D 400 @ 81 ——— 40790855072
(:“ a, 0.91; b, 0.74; r*=0.60 g g a, 0.70; b, - 0.42; r>=0.43
o o ke
2 6 = 100 R
g 2 g
E = 80 ot
o o o]
g * % e g “
: : :
— z 40 z ,
20 ——=—a,9.00; b, 65.38; ’=0.43
a, 11.65; b, 51.82; ’=0.39
0 . : . - 0 . : T : 0!
1 2 3 4 1 2 3 4

Stream order

Stream order

Stream order

Fig. 2. Comparison of fish assemblage variables by presence or absence of weir and stream order. Black and white circles represent WAS and
WPS, respectively. Mann-Whitney U tests were used to analyze differences depending on the weir presence, statistical differences are marked
using asterisks (*, P<0.05; **, P<0.01; ***, P<0.001). Linear regression analyses were performed per variable and stream order (y =ax +b).

platypus), ZAY (Z. koreanus), E3117| (Pungtungia herzi)
2 I (Table 2). o] & T2 324} 47} 5P BF B
7F e ARG 27t Qle A-A Bt AT RET =
A hehit, mo] 27} ol F59) A4le] QloiA] FH
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Table 2. Dissimilarity of fish assemblages between WAS and WPS in third and fourth order streams as determined using SIMPER. “Con-
trib%” shows the contribution of each species to the observed difference. Only species with Contrib% > 5% are given.

3" order stream

Average dissimilarity =71.44

4™ order stream

Average dissimilarity = 65.64

Average abundance (%)

Average abundance (%)

Species Contrib% Species Contrib%
WAS WPS WAS WPS
Zacco platypus 7.36 8.52 11.78 Zacco koreanus 3.83 4.77 9.90
Zacco koreanus 4.33 5.38 11.36 Zacco platypus 8.09 10.23 9.50
Pungtungia herzi 1.82 2.69 5.04 Pungtungia herzi 2.39 3.06 5.22

g etk QAR S FRo ATLS A
o] e} Bekyol 7%, olol e} 3 FREA} 57}
3tk (Horwitz, 1978; Penczak and Mann, 1990; Schlosser,
1990). $H=ol A= Yoon et al. (2011)0] 3P Q] & =7}
HE £ 9 AAe 2718 Huskgon], ot B el
Astol stk BG oE, 1% HEEY AYLE
SHRASTE ARA 2715 HaFS Bk i 2]

2 27120| 2] ggken, ol |BH 02 7 Aol

23 JHF, 10F, REFY F57) WA o] 2
AL Pk

o F9] BEXE= AN Eo|Ao| FFS wtr] mfj&Eo
(Matthews and Robison, 1988), 2] AA=R ¢l5le] W3}
& Aok E3H

H AAA o] o] 7ol Harof JFE u)A
Holcomb et al. (2016)2 ©]&gt B7} o]FF
ol AAlo|Fo Apolof wEtA THE = USS iza—}‘ﬂ
t}. ofo] what AAR Bt ol FtAl v g3
A thekst Axt AR o] 9tk Porto et al. (1999).4 S

of oJshd Hep e do] HAE= Qlste] WstE $Ho] F
ot AR FFE vAE ALR Higo] glon,
Thoni et al. (2014)-& B9 Z2A7} EA BEF9] Z7lo =
20| =7] wjiZol olFZHel dolA FHAN IS e
WE Hustglch 2 A Aol oJshd 2| Mol s
o Aalste &8 T 28 WA, T FREE 7]
= 384 ¥ vehllch E3 o3 FFE FYE =
Tt M= XA zpol2 st th2A yed 4 gloy
(Holcomb et al., 2016), 3+=2] 739 $AH o|FHo] &
AYsl7] W&ol (Yoon et al., 2011), G &2l o]z} =4
EBRA] ok e s weET

2 AN B7} ol {t ol vl A= G 329} 4%} 5
Ao ERI=IGATE. o)= aHH 9] ol what AAH theF
o] Zpo|7} glew, o|= Qls| A4] 7hs ofFo] Ato]E Kol
7] 2o wotEnh AARE 13k} 22f 5] A9 A4

A 7} ev], AAAS) SR st H4H §39
thoFAL Z40f S 1| X (Gorman and Karr, 1978),
AAA 2= QTS 270 9FE mXIth(Eitzmann
and Paukert, 2010). o]0l wa} 1x}e} 22} SlH oA A 2] 7}
58 oF 7 B 52 (1A 3H)~74 %} ) FoR
AR ekttt Be 4RE 4HT B4 BAE Uehy
o, 31532 A% tailraceE 215} plunge poolo] A= ch
(Thoni et al., 2014). B AFo|A] plunge poolZ ZAE= &
< St B F Y 2E FA SHRE ol5stHA] o
= (riffley& B/3%tch A A o] 23t thgFet A4
= 1 A FoA WHEH o s FAEE= B, 27 Qe
749 Hol QIHE F7H(<200 m)ofl ThFt A 2|87 o] uld
"ot B35 2| ARoA FFE olFdhe Holdo| plunge
pool] FFEo] F&3t Ho| FFo] o]Fo]X ™ (Singer
and Gangloff, 2011), ©]+= bottom-up effect2 <13} =AY
EA WellA 239 2HAR o 79 /HA=E F7HIXIT
(McCormick, 2012). Aat& o2 o|z|gt B Q9] &
Zto] ool Al QoA AA1A & Holo] FHIF T8 A4
A (intensive habitat) 2 A= on, weha] B Qe X
HolA e AR g2 T3 A7 A-E o+ Udd
Ao 2 wEh

Poulet (2007)2] Ao 93 = =9 (introduced
species)®] F7toll FFS vk Hustgct vhH 2 A
TFollAe B e AT gl A-A dF A7t 2
o] Holz| okgitt. oA AFHOoR EEd= Yy
oy (Carassius cuvieri), B2~ (Micropterus salmozdes), =5
Z (Lepomis macrochirus)T} 72 JHF£L slARTG= &
A3 A F2 AAetH(Kim and Park, 2002; Lee et al.,
2013). WatA] wadeable streamof| A €] £2] AA] v]go]
UH—?— ‘Il(Yoon etal., 2011) o|2 2l & <l Hal=
odokd Aoz Ao 9
SR ohiet mia MRS 1 G A G
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Ao A g ZpolE HolA] Tt

2 Aol A SIMPER £4¢] Aol o3t & §- Fof
wet offze] £ag HolE Uehit Fo| ek (z
platypus), FZAU (Z. koreanus), E1L7| (P. herzi)= Ve
o, 7} Qs A o5 R =T B 2A UE
Sk o= BI7F WtEE F8 AAA7E Q22 Fo diet A
AAE o) gH7| BTk, Y $PHOR HASHE BHE
(common species)o] 23] FEEHT &S ou|dtct. EIH
olelgt 38 AAAE B3] A7]H2) 4ol et 4o
He M §2e Bl Qaln 497} o487 ke
of WS, AL} BAE HRo sl fgo] FHs|
gt o ARuch AdE o g FRE Fa A
2]Z 9] plunge pool °|77F A& = = 1k AlE3H
of 3 st oF Al KAl =Fo] Hrk(Langeani
et al., 2005). ¥ F-& F7to]| Al W=7F Fobd B9
o] WAl @ BHbo] 417 UeRd 4 920 (Fagerlund ef
al., 1981), @ A2 43} 2L kA e @l
ol A WAL WA S lrks HHE AR 9tk
(Islam and Tanaka, 2004).

B AvE A3 wglel B2 shue] AdE 27} of
Fel olme G UeheAE Baskn 0|2 5
3 97 = o9 sHHoA Bl {- Fof wEhkA ofF
Y Aol7k YEAS Ao, olefet By Am
£ 1 B 9T ARl AL vl olg3llol &
AZF Aok 2 = FHY AR F7bAE 2| &9
Q) Abeho] wet 2R HAE Gl Kol elst
L, o3 Z2HE EYE B AA AHY| SA=HE A6t
£ 5 B 9% ARA A7k olRelx 1 glekDoyle
et al., 2005; Miranda et al., 2005; Poulet, 2007; Singer and
Gangloff, 2011; Holcomb et al., 2016). §HH =22 1o
o HHE 7R A7 2= A] gFobA o] A7 A
yEste, theha) 93 Agel B AR 477 Fh
AAEofof gtk 27} AFoh s B FRER s TSt
= =94, 2 HIkE gestA Alste] olf2d ¥
sjobe] ATHL Bk, oFZUBE ohlet T A
% (biomass)& SAto], B} o] F Ao vX= FFS 2
o AgstA 248 daddo] k. ol23t AFE B ==
B APA A2 BT T 1A B we) 32 vk
2 =go] 9 4 9 Ao BerE:
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2 HO {- 7o T oFHY Ao|E EA5HTh kA
o 2o WE Hol EHEI] NaAA AR P
sto] w9 & 57} o Rl YL TIALAE st
Fom, 3240} 42} s A o TR 9| Apol7t FRIE Uk
(P<0.005, PERMANOVA). 29| - 20| o2} & 23 2
T, T 29 AT, T TR 22 8150l &olE vE
wow, QHF, 15T, RoF A A AolE UE
WA 93ttt SIMPER 45 F34 o724 Zpolof] 2
7|98t S EA% A i Ak shHo +HA R
Yelu= g2ha] (Zacco platypus), FZEAY (Zacco korea-
nus), =117) (Pungtungia herzi)®} 22 HHZEOZ 301
%It} (contribution > 5%). ol 2 EF ®E7} Q= A
A Bt AR A UEsten, B2 Qs ¥HalE g
7ol o5 Foll isiA F& HAAE AlFst= Aoz ddt
Hrh & A= A= i HelA 27t ol{iE el vAE B
FE BAst] AYAS AAE e, oldt At FF
Ho| #elE gt Ao anE o s 83 4= 9l Aot

MRS 7R3 (A3 S22 ol ah), &5
EUANY BFYVFRANE AYATY), A F
Aot AR HAATY, BEGSE APt

Aot BpALEY), WSS (FASA oz AN HYd
), ol (FPBATAY AT, AFA (FF
st ABEST SAY), FHE (GRS YRR

3} 34

MAPIOIE AW A4: 048], gas, 24 9 A 34
8], 9, AR, WeE, YA AZEH: U3, ol
CEEIREE

Rl ol FEY X7} gle.

HTH| B =82 4R Aoz FP st
2| Y& o} 4233194 THNIER-2019-04-02-050).
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