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Stream order in Korea. Lee, Seung-Hyun (0000-0002-2794-6037), Hyun-Gi Jeong (0000-0002-5162-7175), Hyun-
Seon Shin' (0000-0002-3765-6797), Yuna Shin (0000-0002-2867-3464), Su-Woong Lee™ (0000-0001-6827-0769) and
Jae-Kwan Lee? (0000-0002-1399-8688) (Watershed Ecology Research Team, National Institute of Environmental
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Original article

Abstract We collected fishes at the 12,873 sites in stream order (1~7) from 2008 to 2016. In the results,
two populations (Zacco platypus and Zacco koreanus) represented distributional differences in the stream order
gradient, and correlation analysis showed that the two populations had a potential competitive relationship.
The ecological characteristics of the fish except for the Z. platypus and the Z. koreanus, according to the
gradient of stream order showed a pronounced gradient in the species such as intermediate species, sensitive
species, carnivores, herbivores and omnivores. The two populations showed a high correlation between
intermediate species, sensitive species of the tolerance guild and omnivores, insectivores of the trophic guild.
Fish assessment index (FAI) was negative relation with stream order. According to the stream order gradient,
the two populations showed different correlations with FAI.
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oloz A ofF NA|Ze #A EA (Beyer, 1987; Bolger
and Connoly, 1989)2 E3f| H7lH o] ¢ow E3] X HF
S 24 72tu]& (Genus Zacco) O1FE F3l A= $
t} (Anderson and Neumann, 1996; Hur et al., 2009; Hur
and Seo, 2011; Ko et al., 2012; Byeon, 2013; Lee and An,
2016).
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t}(Steedman, 1988; Karr and Chu, 1999; Stevens et al.,
2006). 2] 3¢, 2000 E Bl 2Eg 7|ite =z =
W 5] BAo] g 4 W eE o] H87}A% (Fish
Assessment Index)2 A3l $fth. Ao o] &HE= ofF
o WHEA Tet WAE AT (Tolerance guildys W7t
% (Sensitive species), F%+% (Intermediate species), 1%
(Tolerant species) 2.2 FEEH, 44 EA ZE (Trophic
guild)+= 2-2]3 (Canivores), Z2]% (Herbivores), 4%
(Insectivores), &4]Z (Omnivores) 2 2 FEE=1| (Ohio
EPA, 1987), o|21gt AE3HA B9 =YL o]F9
BE A D AAEH Y wte] o3t ARE Agstd £
o] 7HEstA ol wet o]F7 2 EAS wosh=
o] fol3tA o] &= o] gt} (Karr, 1981; Yoder and Smith,
1999). £3] "j2tu]& o|F9| %, w2tn| (Zacco platypus),
- AY (Zacco koreanus), ZAY (Zacco temminckii) 2 =+
Yolls % 3%F0] HuEon (Kim er al., 2005; Chae and
Yoon, 2010), 2 Ao W=, wj2tu| e} A Y A
T QFeE FA5tE ol Fo AR 2 9 44 B4
2o IE A £ Fe EATeEN S '
T FAE Bk 9% 8 AHARTLZA ATE
o} Stk (Choi er al., 2017). 3] WA= ZA=o wat F3t
% (Intermediate species)ll &st= T&tv]= =W =4 ot
Ao Foh7 oA FolA Bol A4k, A §4 4=
ozt AR, B2 R, {718 52 Holder 4
Yot FA%F Omnivore) 0.2 BT ok W 2z
AU+ U (Sensitive species) 2.2 3HH ] FAFOl
o M ogyo] AN SHE Holv, 2F E:
TAEEFE HolfoZ dl= F2]F (Insectivore) 2.2 B
IEI 9ot

RS ol4e AZIY Bl SFAASE o8]
Aejsta o2 o] 753t (Strahler, 1957), o172 &
S ARG e AEE ARE ALY TE B
23 272 gGriste] Aed o] o2 sHH ALA
< olgl|st= ol F-85HA AHE-E Tk (Matthews, 1986; Vieira
and Tejerina-Garro, 2014). =3t - 29 7 Fuj=
5%, 4l A, 7S 5 ThdR 20159 Wt o
2 B4AS gidHT 4 2™ (Gorman and Karr, 1978;
Platts, 1979), 3 W 2 A¥ %, o179 oI5, AAA <t
33} 5 P A 54 ¥EE didstes b $2% 7HA
£ 7}t (Winemiller et al., 2008).

2 dTE T A SAAN BdsE Tebuist B2
A AAZE oz SR Tet vlmeozA
TF U o) AHSA] T AT BE P4
Aol 71 2ARE AlFstA Sy EH AU

* [ Nakdong-River Basin
O Geam-River Basin

© Yeongsan-Rivear Basim
A Seom|in-River Basin

150 km

P 89A1H, A 97TAH T F 1084AHlA ol F
£ At e, 2008~2016E7k4] wid 23]4 (5~6Y,
9~10¥) W=t (Fig. D). o7 AH2 AF2AE

A EF(HE 7x7mm) L ) (FTE 4x4mm)E o &
stgom MM Rt BN 34 54 2L A5
F PRSA ol FRE FuhelA muw o)F A4
3 (Kim, 1997; Kim and Park, 2002; Kim et al., 2005)5 ©]
{3193, EFA A= Nelson (2006)2] AAS w5ttt
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SFA A} (stream order)d 7HAITE 2412 Strahler (1957)
o] WS wat 1:1200009] ZHAEE o] &3t 1X}3}
HollA 7xebH R LRetgoH, s AP
HA 1,08428& 2008~2016A7kA] wid 23]% wkE3}
of, % 128732 M 22 1351 39074, 2345Hd 2,337
A, 33381 4,142714, 4315+ 327143, 5381 1,752
A, 62F5kAd 92524, 72k6A 56A Aoz FolE Ut
EAERANLS 98 B AFAL nste 28 NAS
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(X)E Loge X+ 1)Z W5 on, wjztu] el J4AY 7
A 5 22l @& vz E4& 93l One-way ANOVA
£ AAISHAAL, sPEAlgo w93t Z}o]= Duncan]
NFARE ol 4310l AL T AAE e WL &
He alaAs 9 BATHE ol AeEAol uet A
B (Spearman’) & BHISAT. o159 AHBAL ol
SAEA A4 24 9 Bkl lristel 2t 24 o
< JJA 22 Barbour et al. (1999)°| 4 AAH Y= 4
(Tolerance guild)} Ohio E.P.A.(1987)0l| A A A3t 44
A ZE (Trophic guild)E o|83ttt YA = dEL 1l
% (Sensitive species), 57HE (Intermediate species), U4
(Tolerant species)o- 2 & 37l 7|2 FE3IHY, A
Al EA A== &24]% (Carnivores), 22]5 (Herbivores),
ZA1Z (Omnivores), &A1 (Insectivores) 2. 2 & 47 7|5
T2 TR B FA 242 PASW Statistic 18
(SPSS, 2009) T2 1S o] L3}ct.
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AA Aol A ARG wjetn| et FAAY ] B &
A JMAe= o3} Zoh(Table 1). F2hn| o] 79,2637+
43.49~48.67+71.9370A|2] MY & 4x}51H o] 7 @ol
S W, 2& sk oA 7 AA skt 32 A
el A% 030+16.82~31.30+47.83 7|A| Q] M= 24}
oA 71 o] 233 ukd, 7NN 7Y A A
sttt genet FAAY AAELS 1x}sHHEE 7

Table 1. Abundance (mean=*S.D.) of Genus Zacco (Z. platypus
and Z. koreanus) by stream order.

Stream p-value

order Z. platypus Z. koreanus (t-test)
1 26.38+50.55" 24.21+43.82° 0.80

2 26.37+£43.49° 31.30+47.83" <001

3 45.61£66.10™ 2448 +47.24" <001

4 48.67+71.93° 18.28 +£37.16° <0.01

5 34.88+£39.47™ 17.08 £33.41% <0.01

6 31.82+48.72¢ 351+12.08° <001

7 36.50 +66.99¢ 0.05+0.30f <001

abedef.
#2444 Duncun’s post hoc

e 7HA] BE szt A Eds o, FEAY
o] A% expstd It 72l A EE AMATE AA 2E
ot Ao RIS, getvl= sHXFRY F7ke] w
gt 2@ MAS7F 7407 =0.147, p<0.01) 3h= v, 3
ZAYE sHEAse] mah stk (P =-0.222, p<
0.01). r-test ¥4 At F AMAZY] &8 MAFE= 1243
A& ALt 228 R E TRSHAA] 3 AfolE B
g0 (p<0.01), One-way ANOVA £4 A3} 3} x40
ot = AR FAT Aol7t Y= Aoz EAEHE
gl (p<0.0D), AFFHA ] W2, 28 A= Tt 9
8% 124e} 22toll A 7H Rk, 435 Ao R 3348} 5
2, 6219t 72F 202 FREQITH FHAAY Y L 73k
A 7P GEA ERlE e, 228 P2 12k} 37}, 4
4o}t 521, 62F - o2 LR E QI whaba] shHbo]
T AAREY] 38 BxE Fetn| ] A8 435 AHeR 3
2}, 524, 621, TR A 28 AL B A BES= S
Hol= whd, IZAU Y A% 245 B2 124 33
N 2 Aoz EAEHATH(Table 1). ¥ 2tn| ot FZAY
o oA B4 Ad} 65 AT 1A E TR B
€ sHHASolA foT 29 e BoH, 635k
HH sttt Wold a8 £ AT 1F o oA
7} Z7V8t At (Table 2).
"] o} FAAY A YA = 5 il

A3l & AT A 2T A olFE AHEA
utet A E Aibs o33 2T (Table 3). 8RR
gt Y= 4E9 A FFol 228k S A
SHRpRo A sl e, d4 B4 459
Fol BE st -8 2 7] s S shEAt
59| Fujof wet EA NAPTF ASH o7 A (RAE,
A% 4 S7HUAEE, SADEeH, SE 2 24
T, AL ISR axs A F7 & A
th. Zt 7] & skl whel One-way ANOVA =4
2% WA= 4 2 A4 B 4EY BE 7|5dES
o3t zpol7t gl e, AFHY A WA= 4=
o A FEL A} 52H5 FA LR 3AEH 63t A]
2 Bxstgon vEe 1349 228 AP o R 1A%
52H, WAEL 7TAHE BALRE 325 H 7274 dA 2
Edts AR EAEUT A4 B4 459 F¢ $4

FE 6X9h TAE FYOR VY T4 24FL SHE

o oM o

ML @ 4N 1o Fo

N

Table 2. Correlation between Zacco platypus and Zacco koreanus by stream order.

Stream order 1 2 4 5 6 7
Correlation coefficient —0.559%%* —0.577%* —0.279%%* —0.115%* —0.048* —-0.034 —0.283*
p-value <0.01 <0.01 <0.01 <0.01 0.044 0.295 0.035
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Table 3. Abundance (mean=+S.D.) of two guild’s functional groups by stream order (IS, intermediate species; SS, sensitive species; TS,
tolerant species; C, carnivores; H, herbivores; I, insectivores; O, omnivores).

Stream Tolerance guild Trophic guild

order IS SS TS C H 1 0
1 2230+224.63"  19.04+39.70° 733+19.20° 128+3.61°  0.33+5.94° 38.37+£227.08"  8.70+18.89"
2 1691+27.86°  2434+4356® 72242055 257+461° 1.56+£10.45™  3501+4587° 9.32+22.70"
3 322944515  15.69438.04* 12.14+25.52° 4.43+8.10° 251+14.18*  3633+5530°  16.85+28.68°
4 37.56+52.89°  12.194+24.98°  17.95+48.07° 64611109  3.06+33.93%  3325+37.50° 24.92+5091°
5 34.88+38.84%  15514£2921™ 14.55+30.07™ 8.13+14.05% 3.04+1451° 3533%4093°  1845+26.07™
6 29.64 +33.65° 528+1639°  19.76+3643%  11.93+2631 096+532"™  2576+2641°  16.04+29.07°

7 20.63£26.12° 2.16+581¢ 30.82+£23.53°

12861727 0.54+2.98®

27.05+23.82"

13.16 £ 18.89°

cdef
abedel, Duncun’s post hoc

Table 4. Correlation between Genus Zacco (Z. platypus and Z. koreanus) and two guild’s functional groups by stream order (IS, intermediate

species; SS, sensitive species; TS, tolerant species; C, carnivores; H, herbivores; I, insectivores; O, omnivores).

Stream order 1 2 3 4 5 6 7
IS 0.308* 0.339% 0.394% 0.396% 0.369* 0.416* 0.527%
Tolerance guild ~ SS —0.047 —0238%  —0.099% 0.079% 0.163* 0.254* 0.464*
TS 0.378* 0.451% 0.291% 0.189% 0.121% 0.028 -0.072
Z. platypus C -0.130%*  —0012 0.068* 0.177% 0.089* 0.054 —0.087
Troshic suild H 0.037 -0.003 0016 0.064* 0.087* 0.142%  —0.04
ophic g I 0.212% 0.033 0.248% 0.328% 0.345% 0.378% 0.419%
o) 0.484* 0.433% 0.364* 0.237% 0.198% 0.250% 0.046
IS ~0.036 0.053* 0.114% 0.202% 0.218% 0.177%  —0.161
Tolerance guild ~ SS 0.068 0.379% 0.484* 0.592% 0.527* 0452%  —0.089
TS —0278%  —0473*%  —0543%  —0566%  —0588%  —0302%  —0.147
Z. koreanus C 0.128%* 0.165% 0.017 -0.028 —-0.212% —-0.087* -0.096
Tronhic euild H —0.115% 0.190% 0.294% 0.288* 0.158* 0.169%  —0.053
phic e I —0.032 0.219% 0.258% 0.325% 0.258% 0.138%  —0.126
o) —0385%  —0319%*  —0303%  —0.184% 0.062% 0.147%  —0.208
*p<0.01
FAHOE 22 RE 62}, FAFL 4x1e} 5AE AFe2 3 T ATAo] A et ow, 4xRE 7A7HR] S5
A E 7Rbo| 2 BEEdE o2 eyt ¥ E‘i 4 Aaagol A Yebgth shdRte] bl wet '5’51
S S AT 22 E TAMA] SHEASE BE A} & oo ATTA R Al o] FUslE uhd, FHAE e 7
017} =5lA FolwR] ¥t 23S B FZAYE shEAeE 135 32714
T AT A 3T o7 st ARTA FrAF, 471} SR A FAE, 67 b A 241 FT 2 A
B4 A3 A= 259 A¢ bEhue sHEasER | AL 2o, shdalpo] wel 1 E 63 7EA] 24
2} 22k A WA FT o] B YElgeH, 33 F FAE, RS0 o AB/TAR ;o] T
E 73R 57453 AT o] A YEbgt. sk A2 (Table 4).
StA X4 o] FH LA 4> (Fish assessment index)~=

F7tl et F0ET WLES PO AuEAR JH
of FAHAOE, WAL So ARBAZ HHAol 5
ZFheieh. ALAUE SHAASER 13,27, 3%, 7ol A
HEE, ket 6Rl A TR ABAel B b
on, e Tl T FUBAL 142 AR
sjeblol FASH £ JeS Bath 44 54 2E
o A$ wehul SAAEER 1R A FAF

lor
o

Fll‘

4245+12. 89~72.38¢17.36-4 HAZ Ao, 12
oA 7H} &2 WHH 7atol A 7HE 2A YESTh One-
way ANOVA #4] A3} shdaeo] wat o FH 7]
FYgt folg Hlom, shHtRe F7tol| wet Hast

sichFig. 2). Tenleh FLAYE o

29749} 175}

AR GASATEA ol AAe] Salsglon], 5
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A50) Z7tol vt Wekuls 144 TR kel A
BAZ ARo] Z7tstA o, BAAYL BE SRS
oA ool ARTAE Bgout 135 47K 27t 3

S52HEE] Al o] ZHA ST (Table 5).
o #

T RS 25k G0 Ak os 5
RN R ABAUL BROIA 3 - 77 F@}
= Aoz IHA o™ (Kim, 1997; Kim and Park, 2002;
Kim et al., 2005), 2 AFA3}+ E3 @At wha} oj 2t
= 4315 AHOZ 3AEE SN &2 A7 &
AP, FAAYE 245 P2 1A4EH 3342 =
2 JNAIe7E ERlEo] UnbAQl F2ot FUT P B
Stk stE, Satule] A9 2 AR 24E AL

£ spRolA A2AY AASRT B4 dehdes
A TR 7 22 iPO]-J 7 2 A e A1 A
Nl °“‘-TL7} 28 ZAo= AlmEHh B 6x49f 7R} A
FagAus oHDP AN Mo B2 2
Ao70] HE FHUE 5 AQA EL AHHe
w9 shHoziy foE FHoz Bud

1:}
2

ox H ﬂl{)l‘

e e r°"

100

FAI score

Stream order

Fig. 2. Fish Assessment Index (FAI) by stream order.

th(Lee et al., 2014). T WA+ 7}
e T 1
2 2] 9] (ecological niche)o| w2 A
et al.,2009), o2&t A2 7+ 74 gﬂ'zﬂ% ol s A
ARl FF vE 5 U= 7HeAdol oy AFtolA A7
v} QITh(Kim et al., 2006). 2 AFZA}o]| w=2H AAF=E

StHdeE F AT 39 AHRAR Bl STt
o1 A2 A A bt el b

5 % AN AABAC BE R Ho|S FHs] 9
S 37149 477 BoE o2 BeE,

SHL A4 R ANBAY WS 5 B - olst 8
Qo 2 WX WS 4= A= A URED Y
4%, 44 B4 AES) A% 35T FAFOE 29
Fo w0 AAS HBE ) BREHOR oFY AT
A £4 2}o]7} BIE|o] $o}(Karr, 1981; US EPA, 1991;
Barbour et al., 1999), 2 AL Ao A= sEARS9 Z7}
of wet TS At v, WS FAE5S St
= Aol s gloA BRud 4= dXsts &
A& BoFEA 9l o™ (Moon et al., 2010, 2012; Lee et al.,
2014 1219 4 A8 Y2 ol G

o 4% SABACR AR 2ol ol sHHe A

9 A8k o] ks et uhd, B wA H o] Lo|dt & -
AR gl Agel 3R T8 A,
Ase] Z710] vzt wEedd W A Lee] 27
7} A= Ao g weE

= pAze] BT W) ke, wetut 3R 43

ARolA FELAETE 2 P sHR7HA W H el
A &85t Q= vhd FAAUE F2 F A FH-AS

oA ZxstH, stz WedasS AAY SR=7 7
43to] oA ATFd BExHE Ho|i itk (Hong,

1991; Choi et al., 2017). B3R A= dghn NAZ+S
71& WAZEA FEo R ATESH S (Ministry of
A7 AT} 2 shHR4 2

R AelEls] 49 B0 e

Environment, 2011), &

7ol Wt BT

SURAE R5low, YT A vt
28 Pak vEd AR, 72 SR o Bl
o) gAol AolE Btk ST BAK Bag ¥

Table 5. Correlation between Fish Assessment Index (FAI) and two species (Zacco platypus and Z. koreanus) by stream order.

Stream order 1 2 3 4 5 6 7
P Correlation coefficients —0.495% —0.348% —0.084* 0.080% 0.133% 0.225% 0.392%
-pratp p-value <001 <001 <001 <001 <001 <001 <001
7. koreanus Correlation coefficients 0.576%* 0.688* 0.715% 0.726%* 0.672* 0.489%* 0.060
: p-value <001 <001 <001 <001 <001 <001 0.662
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ghujet WAE 7t A oA g8 48dE 2o (Kim
and An, 2015; Lee and An, 2016; Choi et al., 2017; Lee et
al.,2017), WAE A7} e R4 A7 ey
Acm AzHT AL HE F ANZE YHE 2
Sof wet ApA el Aolg BT sHHAL FHlo]
2 4B Wsls FUstET, 44 B4 AEE 138
B 330) B9 WAF 4R T AP FHFOR T
2elo] met fAE ABBAS BT B3 HAE 4
© 8712 2qdol} HAB e Wl wak £ L A
7} W3}3l+=1) (Karr and Dudlry, 1981; US EPA, 1991),
2 AdFoA= gt FEAY AAZE AT A
sz o 7o A EA 0 wet 7 shHaeE SAFY 7
Ae7b FAFSEG Aoz 24 Yebso. st &
A 9 ko) met A - HH A g vhsAde s 4
7:‘4 Hsto) whE vEtm|et FAAY AAZEY E2E &
27 B7bl 8% A #7t € Zos Ao
PR F7tol| wheh Zadhe ol FR M) Wt
= ARoA Rz WHdes AU FARL &2
22019 2l9Fel w9 7IEAE Y 9o,
VAEL SALAAE daste v, WSS &
011*1% S7HE Btk o 7RIl wet = A
39 zolg Eeloe EFstaL, sHRE W
= 2% #H0 AAste 7edd =2
= Bon, 3AAY EIF 12T E TR BE
0] FEg FA AASte Tedd =2 AT
dE& Hol fASHAl RIS IT wheba] wjetu|er 2z
Y A 28 Al shRl wet ZolE B
Ak, = 7H7<ﬂv—_L% Ze g oj e 4AdEAd 9 A
Aol HjiE fAlsl7] wiol 43 A A
Ao 7hsdE 7HA AL e, = JiAITE Y] BAwA o w
HEBAS FHA7) GAAE F71HQ a7t Ba
Ao WorEth B3 34 R AHEA BE
ARzl ol7t shaas Fujo] Hat zolg molz
glovh B ATATAE 2 SRl BE Fad
7pole] Al HEA gith. ol FUF UG
SA A, 2AF A B F7EY Zfo], 24 Ao
A3 EAAY TAR| o] W2 A5 zpo|7t MEEA #
Slo]] Q3% g¢loz ZQE AoZ mur|y 3FS oL
oNME Z4 AdgE 9 A e Xlx£°1—3~l
¥ 54 A7t Bag Aoz Azdh

=

L oox it rlo
H
i)
=)

_[N

Sy B

q 2

B AL 2008 RE 2016W7HA] 12HEE 734717 &

M.

LFLE - 0[S - OfRH&

o, S0 m}— setelsk 42
HolA Aol g welon, JuaA B4 A3 T ANE
e B e Ao
gE B4 o7 AYSHL AT
B URE WEE, SAE 20F, A E TR 7
W7 LS i, S A5 29 TRE Tk ek
A ket ol R el AeE o] H2, wjetn)e] A9 30
FolwA TAF, BLAUL A3 NAFIWA F4F
o2 FEo] Hed, F AT AR 229 S5
NAE, 4N B4 A2 BAZT BABN SAR A
A9 WakE EPAN, 7 AR A ELA TE
ZF 71 AR O AR Aol HAH. o787t
A sHAe) F7te] wet gaste BEE BIe
o, AHEA 24 23 F NS sk ’%
Zpolg HAARL, 12koll A 4R7HA] FARRE A
S HYlon, SARE TA7HA] Aol g H i

i
B
al
of

Al Al
B AZL 20179 FUSATY Y] AFAA o] FHA
2l AFAGI (FAHE: NIER-RP2017-168)2) oﬂALo
2 YUY PRSP A A3 AL BAE
3 & ojF AFAEEA HAE =-HUTH
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