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The Effect of Water Conveyance of Boryeong Dam on Structural Changes of Benthic

Macroinvertebrates Community"

Chae-Hui An’, Jung-Soo Han’, Jun-Kil Choi’, Hwang-Goo Lee*’
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bl ek QfakS wolslaal shelth ARAZIE 20164 48RE 20179 997 & 83lo] AH ARSI OH,

AR S BREE ARRE F 4719 S AT A B FAFTES F 4w 74 195 703 125
13,447 74417} 2838ttt Q54 A 4% 0.55(=0.07)0)1 4 0.47(x0.08), THFE 2.06(£0.26)0l A 2.23(0.28),
5% 0.69(£0.05)0]1 4] 0.70(20.04), 5= 3.43(x0.72)°| A 4.03(x0.91)2.2 YEPYTE T o]F SH == 7hasial
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ABSTRACT

The purpose of this study is to investigate the influence of artificial disturbances occurring during water
conveyance frequency on benthic macro-invertebrate by comparing and analyzing data before and after the
construction of Boryeong dam in Boryeong-si, Chungcheongnam-do. We conducted the survey eight times in
four points from April 2016 to September 2017. A total of 13,447 individuals from 125 species, 70 families,
19 orders, 7 classes, and 4 phyla were collected. The result of the community analysis showed that the dominant
index was 0.55 (£0.07) to 0.47 (£0.08), diversity index was 2.06 (£0.26) to 2.23 (£0.28), evenness index was
0.69 (£0.05) to 0.70 (£0.04), and richness index was 3.43 (£0.72) to 4.03 (£0.91). After conveyance, the
dominance decreased while the diversity, evenness, and richness increased. The result of the functional group
analysis showed the portion of scrapers, filtering-collectors increased while that of shredders, gathering-
collectors decreased in the functional feeding group and that the proportion of climbers and clingers increased
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while that of burrowers and sprawlers decreased in the habitat orientation group. The result of analysis of

community stability showed that St. 1 and St. 2 decreased resistance and resilience after conveyance and new

species appeared in the III characteristics group while St. 3 and St. 4 did not show much difference. The result

of multidimensional scaling analysis showed that the variation of similarity was the highest at St. 1 after

conveyance, and the variation of similarity at St. 4 was the lowest.

KEY WORDS : COMMUNITY ANALYSIS, FUNCTIONAL GROUPS, COMMUNITY STABILITY, MULTIDIMENSIONAL
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M E

ek o8 Zupol 10%0l4 AEHE B
F B4o] ujet 42 Helol olelge A1 qlon], 49
sfele] Wakt A7I171] FhE WAy SEE 2A) F7h7)0
9LEK(Choi, 1995; Choi, 2017). ol i3t ¢-elufetel 7|75
ol W2 A4S 23] 915 B We Aste] 4
AL Belsta ot hRA 9L A FAT
sk zeE 4 glon, Aot ATeust Fo= s
of 7hEo] W= W Fat B3 F7F G FAlolet

1o

(Park, 2008; Choi, 2017). & A7 tjAA] 9] HyP>
199219 69FE 1996 1097H4] S E & A&EHEA] 29

ABGSot UGS 52 3 Slstel Ade e
otk F AL 19 1,7007HEC 2 A7HA| = Y2
F0 oTe SHelT AT A TpRo] T Foakol
st 71 dlwst 2okl ek we] Aegol 7t
I Qlok B O] Ag-2 2014 HHE 201797 3
skal Q= AAgolm, 20159] -5 AJ4&o] 44.82%0]
A 24.36%7HA] ZHassto] ol& Igt 84330 EAI7E A
71 %)t Geum river water system management commission,
2017). olof Ag=& 4 wAIE A5z f18l 20154 10
Y3E 2016 29714 AR 815 6.7km Rl 2
AR AGel WA ¥ W A4S sle Heweel v
Geg Adsslth ey £4E A4 olF YEHe 7]
 AYold FAHE AEFA S oAl 7Haol=
dgHoT g 4 o= F2A dhalo] viiEge

(Lee, 2016), 20179 3Y=E 22 A2el T @x)717]
mage] Ago] 718l Qi FAlolk 20161 24
Eo@ 7o) SRH ofF ANFHOR EaRE sbEst
o1} A4go] 44.83% &2 BTV} HEA £4E
SHstR o, BATA ofskel 15.35%= W 7k= 2017
W 34o] s AlRRste] dAZHA] 7Hs ol Qi EaE
7F7hsE 3 719 ARt ' =g fdFo] 8.23md/sec
2 ol 79 4 HHI7L BUEA £ ol
243m¥fsec WoPATE E40] GO Bt 59

b o

|l & S Folon, B Aeak 2017 6
BE 9.25%0] 4] 34.22%71A] JLE35] 276kl Q= S=A4|0]
Sl =4ro Ale Heeer A4 ol FEEE
Aol 25k AR ol = A-go] Eo] FFRe} ot
AFAE e =e2E 14 Foll Aok kAT sk 4=
A= 5o gkl tiste] &84 SA40l 4% 71 es
Hgokal Wgkete 544 AYaL Sloj(Ko er al., 2009)
AYAQ] = A Aol fE 2 9 HE, 55
H3l 5o weto] E7tud Ao oitE

AXE HEFAFEES vl ohefskal S5 e
o, AR FEE] 79 1509 oj4fo] A o] o
MEo]| HlE] = thofAdo] sthWard, 1992; Kim, 2014).
S e 2gof 7IRkE AL A XS A4 @A
FEZ o5l Aol A9A S & s Aow
A A Qlo] o A A7 &olstH(Won et al,
2005; Choi et al., 2012; Piggott et al., 2015; Graeber et
al., 2017; Kwak et al, 2018), tj55 A3t 3Lof A]4]5}0]
AEARFTOR BEE= A=da gol AAY g+
HETES Bl Foig WSS 7L Slo] 2
Hks Frheke AEAER 9 o] &5 QIthHynes,
1960; Wiederholm, 1983; Bae et al., 2003; Reice and
Wohlemberg, 1993). E3t 3149 E8]4 29l 3}H4 Q
¢l AESHA 28l 5 e Wstel vzt Ao deA 9l
S w|(Kim, 2013), 543 27 2] Halo] 52 o= thA
She elo] tokim, 2015), F4ut 7HE St 2 Aol
wek W AR, 2 ol§ 5 1914 mte] Sol&al
U8 YEY = AoR dHA St Power et al., 1988;
Resh et al., 1988; Kwak et al., 2004). =, 219& ] }4
A meh 2 Hste] wgskA gk A4 HiE
FAFEEY AT 22, T2, S 9 H
o} 9 s AgeEjA|e] WekE fash=tl -85HA ARSE T
(Kwak et al., 2018). 3t A4/ P F4F=5&2 et
ot 7 Bl PR 5o WSte] FaFe Wl mjaAf A
A7t A= Aem A Qlof o] ofgt A4 o
FRAFEEY k= o A 9] #skE ezt
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488 Ao Z FdEci(Scholosser and Ebel, 1989; Thoms 2. ZAIX|H

and Sheldon, 1997; Norris and Thoms, 1999; Miranda et

al., 2005; Kim, 2014). ZAA e 2T BeA| oAb 9|3 Had o
Eool BA ATRE Asey WE, Aske 4% 5 U dAoR AgsigtkFigure ). 2AXEL B4
2=y B B 51 29 fUse] B vk ofFe]  RAWNE ReuoR PR WA & 44HE A4
O1KLee et al., 2000; Park et al., 2001; Yoon et al., slo] RANS /‘E‘/\lﬁ}‘ﬂ\‘/](Table 1). St. 12 =4 HFRAHS
2011), T==of ofgt At o] Mol et d4ts ARSt B =5 o9 £ 9 G5 HalF 7MY =2 Ao,
Aot wEkA B dF3s Y =4 Ad £ 9] St. 2= AR AR E o] 9= XFolt) St. 3& =4 A
QT ARE olole] FULA, 7152 BA, THARY  SHHEAV A7 sl ZelAel weko] g HE

B4 52 vla-RAste] AN B4 A SHABA Wa
o g AN HITHFEES o= A91H

2ol ojst Jeke mhetslaiz AA|EHgIc.

Ay
1. ZAFA 7]
ZAA7 ) E4o] W Hsks ukelsly] $Jste] 2016

4RRE 20179 9] A 47} AlRbel] )
35 27} 434, % 830] AH 2ALS ANIBIT. A7

2B 2N $71S jstel 2AE pskgon,
£ B9 w7k el Aol B4E el 94 2
S0l F7hsHe A YISk

L= H(Before): 20164
20164
20164
20164
20179
2017¢
20179

20179

44 26 (12h
6 23d (22h
8 19¢ (32h
9% 30 (43}
59 039 (57h
6% 239 (632
84 30 (7#h
9% 25 (82}

=4 S(After):

A Zolu, St. 4= WRAHI} oF 6km F= A7} o] 4H]
o] Zg&¢l aQ19] W37t 7P A& Axo|r}

St. I: 2= Hoj 2JAbd vk |(N: 36°17 04.177,
E: 126°43'10.83")

St. 2: AL Hoj oAb ZAM|(N: 36°17 49.407,
E: 126°42"31.60")

St. 3: ZAYE Hojz oAby ukg|(N: 36°17 36.65”,
E: 26°41 42.29")

St. 4: A= B A] u]Abd ZFAZ|(N: 36°17 25.207,

E: 126°40" 21.157)

St.2

) ] Q

& e St3

Boryeong -si Bn;}\

Discharge
site

Punggyeri

Figure 1. Map showing the study sites in Boryeong

dam region.

Table 1. Physical factors of each site in first and fifth survey in Boryeong dam region

St.1 St.2 St.3 St.4
Before After Before After Before After Before After
Water velocity 0.7 2.1 1.4 24 1.2 23 12 12
(%)
Bottom structure ) 3 330 1330200 132022 332000 10233 4:3:2:1:0  3:4:2:1:0
B

*B: Boulder >256mm, C: Cobble 64~256mm, P: Pebble 16~64mm, G: Gravel 2~16mm, S: Silt/Sand <2mm
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3. ZALH

1) MAX W 2218 218 24

HAA ) B)E BYRAS w4 A3} 4 Fo 22t
EAE UABHEOR, 1A 9 SR A 2R RS
o]-gsfo] EA51% Tt Digital water velocity meter(DaeSung
Sciences, FP111)E o]-g3}o] §42 243519 o, A+
%29 A2 9 B8 Cummins(1962)¢] HHHS 2850
Boulder, Cobble, Pebble, Gravel, Silt/Sand®] STA| = T+
Bajol AohAel T4 U1&S SHser
2) 3D ¥ 28

AN AR AN $% U B 5
11 3}o] Surber sampler(30cm x 30cm, HE 0.2mm)S
sko] AR riffle 13], runi} poolof| A 2} 13]4]
RS AAskl AHE AAY P FHEF
Ao A 500m¢ BFo]dof Hol 99% Ethanol2 117
AAAR gHbstlch 29HE PHES Fr7IE2RE A4
4 i FAFEES Setlo] Blo|d(10~25mh)ol &7 &
80% Ethanol2 X &3} th A L2929 54 McCafferty
(1981), Yoon(1988, 1995), Merritt et al.(2008), Won et
al.(2005) 5= Fkarsto] FAstelon, AAlsE} Am e
F= Z+ZF Kwon(1990), Song(1995)& 2F115}¢ict Zwh
#(Chironomidae spp.)= A2HtE £3} & £32] FAo] A
g0} I} F(Family level) 22 FA5FATH

Mo w O ox
2 rlo ot oo o

3

ExIEJg
o
T

"
AHom ANY AAY JARAEE

) 28
= A 5
= Ao R St BRTY 5 vuste] EHES, &
7N, ©HE, © A% 22 (McNaughton, 1967), THFE
A)4>(Shannon and Weaver, 1949), 15 = X|$>(Pielou, 1975),
0 A5 (Margalef, 1958)5 5|7]54 il 02 Ao}
ek, shAAE Ao AAlela Sl AlEEel 414 @ A
APlge SRS W AR YA g
(Barnes and Minshall, 1983), AR HE =47 A 2SS
o ulA FaS BHal7] 915 AU FAEES A4
s (Functional Feeding Groups, FFGs)1} AA]7|5
(Habitat Orientation Groups, HOGs)o|| w2} L& ch
(Ro and Chun, 2004; Merritt et al., 2008). =4=2] 43k
de 240 WekE slefaly] g8 wws ko) AT
#]3}2|(Resistance) T} 3]& -8 (Resilience)S ©]-85to] 4
?Hd/3e 43I tHRo and Chun, 2004). A&7} 3] %
T ool gt e ¥ YfulshH, A
Al Sjuelg 217} 5,55 7EEOR o] 45w

Gt

¢
[e:

X rlo

2
o

(1. I, I V543 gl] =4atsigich 1 5472 A
Feju} 55 20] & F5o] LS, 1542 43e
° =] & F ISARS AT 3=l
HE % VEAZE ARl k1 gjmo] e $5o|
samsp) Hrk 2GS AT wete] T2 e
9] 850 glof WA fYAL W] AT e
Sh %50 o3} AYEui(ung e al, 2017), B2
2 Az

47 AR A EEST FALSS dFe =l
At 358 ZH7H9] (1053 F Folsto] 54
A A2l A4S H7FATHRo, 2002).

4) FAMZEA

S A FO) AAHE ANY PR 24
H3LS wlols}y] 915) SPSS(Version No. 18.0 for windows)
o]-&3lo] TR} 2] = H(Multidimensional scaling, MDS)
AE AABIATE TR =S of= giAt 7o Aol
o A H ARE ol§3t] FAE G At Avle
Ehfl= ez A Aol fFAMIE AR = YER
o weksl A k) Aol ek 4 sl

4T 1o

Lo

H

M=

1. 22[™ 2

ZAA 9] FE3] 43S BAS Ak ot Zot
(Table 1). H3LH52 St. 45 ALl =4 o] Fof F7}s}
A=, St 49] A = WRAIHIS] Azt 24 o4
o] f&oll TS PAA] g2 Ao wetEnh HRA|
Aol St. 12 T4= o] 0.7m/solA] 2.1m/isE 5-&2] Helr}
7P 2 Aew SAEU AR sHdT s 159
Hatol| vjal JjAog Z ¥sks YA ¢hokon, St
132} St. 20]4 =ef(Silt/Sand) 2] H]&o] §lo] tha Aol &
eI St 39] -9 5 (Boulder)™} 2-2-E(Cobble)
9] H| &L Trastal, AF(Gravel)T} X a(Silt/Sand) 2] H]
& U5 SR Ao ® U=t ol 4x2AF AlFH
28 spd7gn] SAte] we FRFoz Eu ARl sHE
7F #slgt Aotk B4 £ =9 dFo] ==
Aoz dpue St 104 $40) Sl Bsla sl
Age] H7IEAro] Hol WAHOE spaTRe] Wshs
o How 2AEY
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77F 195 703} 1255 13,447 /4|40,
175 483} 84% 5262707, =& & 3%
83%F 8,1827A2 &3 F4t AR oY AlSE

7 Ao 2 ZAMEQILE B A ERAE SEHES
FLZ2(Non-Insects)ol| 4] 181} 25(29.76%) 0.2 714 L=
A vebgton, st&Ako]E(Ephemeroptera)o] 81} 203
(23.81%) 22 th3S ARG, w4 T A| H]LEF
7H 153} 208(24.10%) 2.2 7P A Uehton, gy
ol 121} 19%(22.89%)S A}A|6FgITh jHE slfAto| =

w5 A 48 7%
67} 155 483}

E OlN

o] 917 =) (Swimmers)ol | =4 o F40} AR5
7} Fpasha fR e Bl dEdBe] 4ol A
G2} 27ke Ante wE, 2AEY B4 A0 &

2o u|wst A}, St 12 38F0A] 41F, St. 2= 35%0]

[ Before water conveyance
[ Overlapped
[ After water conveyacne

Number of Species

T T T T

St.1 St.2 St.3 St. 4

Figure 2. Change of number of species at the study sites
before and after water conveyance in Boryeong
dam region.

(a)

Number of Species

Before  After Before  After Before After Before  After
St.1 st 2 St.3 St. 4
I Non-Insect HEEEE Ephemeroptera [EZE] Odonata HEEM Plecoptera

1 Hemiptera BB Coleoptera EZZE Diptera EEER Trichoptera

[ Lepidoptera

A 46%, St. 3 500f|A] 485, St. 4= 53F0|A] 59EO.

o) Aol F47F Z7ke Ake BeitFigure
2. St 12 0] G259 4 Al 445 AT
o] =L ox iE_o] Z718 Ao g Azt St 2= HAF
A ggol HEAYO B 4% 0 5459 22
A B oo} B B0 Sl 2V 2%
o] 52 505 WIEE: SL 32 54 3 5 BAo] o4
R ikl ety P P
v, St 45 =AY 1Y oA APz maof o
3 9% Hrks AR o2 AT Eol ol &
S $9) Gohe F24I 540 WA et
o, ol E= Aovt FAS T2 B4 F sk 48
o7 Qs H2lshA| xS l’, o] Wt & UEh= 713
Z(Psephenoides KUa, Hydroptila KUa 5)E°] A2F514
7] fEo® Wt B A9 TS vlugt A

T

TEHoRE g?ﬂ@ =2 65»01 om, &2 Hojut &35t

£ 19%, = § 37H & 1808 B o)F f%
‘“x‘ g9 tﬂﬂOﬂ et 3 Z*tl Zpol7} Uehd Aoz
W Za Fofut AT T B 5ol SR
et gt E & ‘34 71-of EolA 1*1 = FE0] &
£33} 2 H(Son et al., 2012), G71ES AT s G

% (Trichoptera)o] Mg 4245 o2 FekeickFigure
3). 2 28 A ANl S e A
Sh wute) R(Simulium sp) 9] F7HE ThEE] A Go]A
ne|&o| Z7}5}9] o m(Han ef al., 2017), AthA o2 v
R4 Ad AT el

(b) 4000

2000
1500

1000 -

Number of Indviduals

Before  After Before After Before After Before  After
St.1 St 2 St.3 st. 4
HE Non-lhsect EEEEE Ephemeroptera [Zi7 Odonata HEEE Plecoptera

[ Hemiptera BB Coleoptera
[N Lepidoptera

EZ Diptera B8 Trichoptera

Figure 3. Composition of major benthic macroinvertebrates species and individuals at the study sites in Boryeong
dam region. (a): Each order species composition ratio (b): Each order species composition ratio
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3. Z2XEH

s A3 52 FO) ZAK A $HF B4 AT Table
2), St. 12 T4 A tf&7|(Semisulcospira libertina)7} -
HSgo, w Fol mufeRst Sue AR et
o} Huhe] 7o o% FEEEE ASEE oz dHA
Slo] 4ol I 84 271 wmieise] AL} AT
S7) e PEE, S 2 T4 AF LR Zus

(Chironomidae spp.)”} A3t =4, ©]+= St. 2¢f A5t
25 <lato] 5ol siusands: ol Fol Zut sz 45

Sz AAAZE AFEQY] dEo s Ak St 3 =4
A mutEd = (Cheumatopsyche brevilineata)7} -3}
3, ke l7k okgAIsIRlont Er olF Akt $4le)
i, mopEd = 7E oR Sl St. 39) A9 i+t 5f
A BAR 18] QA oR TukE R, dast, 2t

Table 2. Dominance and subdominance species of the each site in Boryeong dam region

Before After Before After
Do  Semisulcospira libertina Simulium sp. Do  Chironomidae sp. 2  Chironomidae sp. 1
St.1 Ch St.2
. . . eumatopsyche . . . . . .
Sub Chironomidae sp. 2 2Py Sub  Limnodrilus gotoi ~ Chironomidae sp. 2
brevilineata
Cheumatopsyche . . Cheumatopsyche Cheumatopsyche
Do 0Py Chironomidae sp. 1 Do 0Py 2Py
brevilineata brevilineata brevilineata
St.3 ch " St.4
. T, eumatopsyche . . .
Sub  Semisulcospira libertina 2opSy Sub Ecdyonurus levis Chironomidae sp. 1
brevilineata
(a) 0.70 (b) 26 —
@ Before Q s
] — Before 7 R=0.5324
0.65 —
[R=04323 O Re=0.5032 O After e
24 1 ——- After e
rd
rd
o] g °
b -
3 % s
£ T 22 Re=04746
8 =
s =
o o
£ Z 20
a e -
rs
P
-~
~ //
® Before ~ 18 4 o
—— Before ~
0351 o After o \\\
——= After ~d
0.30 : . . . 16 : . : :
1st/5th 2nd/6th 3rd/7th 4th/8th 1st/5th 2nd/6th 3rd/7th 4th/8th
(c) 0.80 — (d) 44 —
o RZID.BEBZ// o ;”’RZ:D 5756
e R*=0.7089 - -3
Ve 42 4 -
P -
* - (o]
0.75 e
R2=0.0954 /// 404
é E 38
& =
P
2 g 364~
5 5
& TR
P 32
060{ 7 ® Before @ Before .
e o —— Before —— Before
O After 309 o After
——- After ——= After [ ]
0.55 r ; ’ : 28 T T T T
1st/sth 2nd/6th 3rd/7th 4th/8th 1st/5th 2nd/6th 3rd/7th 4th/8th
Figure 4. Community indices according to the study season at the study sites in Boryeong dam region.

(a): Dominance index (b): Diversity index (c): Evenness index (d): Richness index
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T7F Skt AR waH) St 4= B g BE
ankEg et Ao, 4 WRAIHL A7) o]
Arlo] YA o7 w4=9] gFFo| Ho7| wEe] +HEY
HaP} gle Ao2 ddEn anksdedis §50] e
StAOA S71ES AzjH =R (Filtering-Collectors) &
o+ A 9] o m(Rabeni et al., 2005; Kim et al., 2016; Han
et al., 2017), Zuti= @ 9 S Q1 wto] WAool
7okl Zuh=g(Burrowers) = A Ql=d], of23t &
Jo g Qlste] Eg o Feol A glo] =3 YollA =2
U s FAsks A o2 gekEcRabeni ef al., 2005; Kim
et al., 2015).

THEA A3 S ER 4= et 0.55(20.07)0l|A4] 0.47
(0.08)2 E5= 0]F 7haslg o, thFE R4 B 2.06
(£0.26)0| 4] 2.23(+0.28), FEEA|4 Ha 0.69(+0.05)9]
A 0.70(+0.04), FRER|SE Bt 3.43(£0.72)9) 4 4.03
(*0.91) 0.2 T2 o]|F =75} O LK(Figure 4), 37|54
Adf =4 A3 {Fogt Aol e A= gkt ¢4
EA4= BTl oA A8k HlE-S YERH, A
Eaye 28 7|5S wddts HER deA glor
(Lee et al., 2009), Hefjel 2 7= YRR FAH T<esh
SHFTRE QIS nlAaAAA ] FHAE A HPFES
TEY TUFIES TaAT= Yoles Z-ggitiAllan,
1995; Shao et al., 2006). 2 AFolME E A3 FJ
zo] Qo] gt zfolE Uefi A= et 3] o
A SR EA P Al YA, 5 EAg, S5
EA g AR 7k Ads e o] ol 9
gt PR MR FEo] FA ol wat x4 w3t
2 A2 A IS R AoR wE

(@) 30

[ Before water conveyance
[ Overlapped
[ After water conveyance

Number of Species

-20

T
Filtering- Predators

Collectors

T
Gathering-
Collectors

T
Shredders Scrapers

HA7 15 FFG)T 441715 2(HOGs)o) 748 wlol
A1) a3t HAAe] B BAL Mol AoR o
2] It Cummins, 1973; Ward, 1992; Williams and Feltmate,
1992; Kil et al., 2010). & AFolAE 4= H-Fof] Sdet
AT ez BAst 4475 24 An
Scrapers+= 2050]| 4] 223, Filtering-Collectors+= 9% A
1020 & Z7}5}al, Shredders+= 5%0]|4 43, Gathering-
Collectors= 29=F0]|A 2602 7+A3}9 9, Predators
< 17502 FAISHtH(Figure 5). 1A )/d7]= 2 (Fine
Particulate Organic Matter, FPOM: 0.5um~0.1mm)= Z7}A]
7= 8902 Feddy vjxl e g o] lom(Charles
and William, 1992; Lee et al., 1994; Jung et al., 1997,
Han et al,, 2017), & AFolA = =42 Q3 f71=4 9
ooz A= 94 50 F7tste] sdEY
L= (Hydropsyche orientalis) 5] Filtering-Collectors”}
Z71t Ao 2 FotET) Gathering-Collectors®] £4~= 7
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Figure 5. Species number of FFGs(Functional feeding groups) and HOGs(Habitat orientation groups) before and after
water conveyance in Boryeong dam region. (a): FFGs species composition of before and after water
conveyance in Boryeong dam region. (b): HOGs species composition of before and after water conveyance

in Boryeong dam region.



388 HAf] - e -

A=A 57 32(4) 2018

Aoz EAES

AR 715 B4 AT} Climbers= 530)| 4] 6%, Clingers
L 32204 3702 2718}l Burrowers= 13£0]| 4] 11
%, Sprawlers= 19504 15502 714513 01, Swimmers
© 1155 FA8HAtHFigure 5). m|aA] 22 9] thF/do]
Ao g =28 §499] AL Climberst} Clingers 52
7)%ko] thoFelA| Bxsli(Ward, 1992; Williams and
Feltmate, 1992), 4] 57}l whz}t Clingersi= 57},
Burrowers?} Sprawlers= 71A3%l= Aoz a4#A Ut
(Yoon et al., 1992; Son et al., 2012; You et al., 2016).
2 Aol A e mao] WE {59 SR A AT
St UHld=dlF(Ceraclea sp.) & 5&°] =4= o] % AR}
A a1, SokEded, ded = KUa(Wormaldia KUa) 5
1050] A& Fdste] 2449 vt 7P w2 2o s

(@) i { I
10 - . |
} .
| -
|
8 } o}
|
| @
3 |
1. ®¢® e |
= |
3 |
~ |
“ |
|
|
|
21 1
|
|
m } v
0 T
0 2 4 6 8 10
Resistance
(© o l I
10 o
: .
| L]
|
8 1 : ®
|
| @
@ |
el e ®c0ce® |
£ =
] |
~ |
4 . :
|
. |
|
2 @® :
|
|
m : v
0 T T T T T
0 2 4 6 8 10

Resistance

Uepon], ol M $4w &S] 7)) 2of A7)
Axto] AP W Clingerso] A £27} 271519
7] wjel Ao ek

AR =g A 39 FHMEAE AT
theal Zreh(Figure 6). St 13} St. 2= =2 A A
3lEgo] =2 [ EAT] 29 Fol waxstal Sl%le
U E=4= o] % A= slEgo] ¥ MEATM F47F
7 Ao BAESLOm, o= A KUa(Psephenoides
KUa), Y&addl KU, 2= KUa(Rhyacophila KUa), &
127 59 M2 ol Y% 2oty e 4
Al A=t slEeo] e Hog QI9Ael gt

(b) I } I
10 . } .
I d .
I
I
8 1 } °
l o
8 |
i) - o @®-e
- } R
& |
g |
|
I
|
2 :
I
I
o [ } I\
1 T
2 4 6 8 10
Resistance
(d) o ; 1
10 4 ° }
L]
|
} [}
8 ! ®
1
I
I

Resilience

o

T

|

|

|

|

|

|

|

|

|

.

|

|

:

@

®

I

|

} ®

|

|

|

|

|

|

|

|

|

|

|

|

|

Resistance
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