3harsbd A E|skE] 7] 25(5) ¢ 691~709. 2011
Kor. J. Env. Eco. 25(5) : 691~709. 2011

a7 A OoO={H= O] A T - H it E Aq]
3% 47 MAX| QEEE U SMEE HAIISZ EEEY
Bz . 27|15 XES’ - s - UGRP - LA

Habitat Classification and Distribution Characteristic of Aquatic Insect Functional Feeding
Groups in the Geum River, Korea'

Young-Jun Park’, Ki-Dong Kimz,Young-Ho Cho’, Yong-Gu Han’, Yeong-Jin Kim’, Sang-Ho Nam®’
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ABSTRACT

This study was performed to classify habitat types depending on environmental factors and to find out
distribution characteristics of functional feeding groups of aquatic insects which were collected at that habitat
types. Field survey was conducted twice in a year for every spring and fall from 2007 to 2008 for 38 sites in
the Geum River. During the field survey 15 environmental factors were measured at each 38 sites and analyzed
by similarity analysis method to classify habitat types. The result of similarity analysis showed that the 38 sites
could be grouped into 7 classes like as C1 and C3 class belong to Head water(HD), C2 and C4 and CS5 class
belong to Middle stream(MS), C6 and C7 class belong to Large River(LR) based on euclidean distances 4. And
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also, we could extract the main environmental factors affecting the classification of habitat types such as Stream
Width and Elevation of physical environmental factors, Water Temperature, Conductivity and DO of chemical
environmental factors, percentages of Sand, Silt and Gravel of substrate factors. Total 142 species of aquatic
insects in 46 families, 9 orders were collected during the field surveys and the occurrence number of species

and individuals showed high correlation with the Velocity factor and the percentage of Sand factor of each

habitat types. In addition, correlation analysis between functional feeding groups and environmental factors
represented that (1) Filtering-collectors(FC) affected by Velocity, Stream Width and Silt, (2) Gathering-
collector(GC) affected by Velocity, (3) Predator(P) affected by Elevation, Velocity, Boulder, Conductivity and
Sand, (4) Plant-piecer(PP) affected by Water Width and Silt, (5) Scraper(SC) affected by Elevation and
Conductivity, (6) Shredder(SH) affected by Elevation, Boulder, DO, pH, Conductivity and Water Temperature
respectively. As a result of this study, Elevation, Stream Width, Velocity, Conductivity, Water Temperature and
percentage of Sand factors which were deduced by stepwise multiple regression analysis had correlations(r=

0.600, p<0.01) with biota community inhabitation. Therefore these six environmental factors were regarded as
major environmental factors that might affect highly the distribution of functional feeding groups in stream

ecosystem of the Geum River.

KEY WORDS: ENVIRONMENTAL FACTOR, SIMILARITY ANALYSIS, CORRELATION ANALYSIS,
STEPWISE MULTIPLE REGRESSION ANALYSIS
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1980; Horne and Goldman, 1994' Allan, 1995), 71 ¢tof
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A7 5w AlEst A49s 3t HE Qlth(Wallace and
Merritt, 1980; Hawkins and Sedell, 1981; Behmer and
Hawkins, 1986; Bunn, 1986; Beisser et al., 1991; Growns
and Davis, 1994). =] 9] 78 Merritt-Cummins(1996) 2]
AAE Btz ohofet A3 A D ZARAER k4t 4=
MESF AT 73 57 2 AHAE 245 AAH
o2 At eH(Ro, 2002), AEEY] A7 &
ol W sk AT A W A A 710 St
2 HEERS st A7) ohesAl KgE AL Qf
thBae et al., 2003; Ro and Chun, 2004; Won et al., 2005;
Shin et al., 2006; Park et al., 2006; 2010).
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3HAZ 71 Zrolti(The Ministry of Construction and
Transportation, 2002). &7 Aol thste] 7|0 Ry
e 2ARTE 27 2 98 RS SR A7
A &2 2AFAF7E I QUAITHNam et al., 1994;
2001; 2003; 2004; Park, 2004; Park ef al., 2006; Jang,
2007; The Ministry of Environment, 2007; 2008), o3&
AES 2 AEH AR7HE SHCRE o]FoX|aL §lo
o, sP A4 NS A8t B ajlel wE AELY
HEEA et A= AY fle AAolth
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Foke Al 1AFQ 1 74 AT SHEE SARE ZAE
H 47t QIe4ak666m)y} L-5-AH543m)o A Hrdsto] 7}

£ 4
oft
N,
2
=
s

o oE
do

Mt. Gyeryong (4 points)

N
Mt. Deogyu (5 points) - . ‘
Gap stream (7 points) -;'\L*

Yudsung stream (6 points)
Daejeon stream (4 points)

coee®o00

Geum river (12 points)
B Geum river system o s B 0

Figure 1. Location of survey sites(38 points) in the
Geum River

Aol dFshe o3 670 A, 2213 Hidgd A welat
(537.1m)ol| A Zrdsto] {53 wate HAd 474 ]
a3 S 2RE SHeE 127 AH 5 F 38709
ohergt 2ARAES RSk 2AE AASEHTH(Figure 1,
Appendix 1).

B ATE 93t A= 2007 5E 2008E7HA] S
ANA 5 387 Aol Histe] (20079 5 6~16,
2008 5 7~18¥)¥} 712200749 10€ 13~22¢, 2008
109 11-202)] A# | 2814 % 43] Sa=|glet.

2. ZAYH

ofQ] ZA} A] HolA AY 4= 9l 313 (wadeable stream)
Ade WEAE 0.5me AFE& FFHES Surber
net(30x30cm)& ARE-sFe] o2 (riffle)oll Al A= A8t
aL, afol e ARt T2 AolAe wate Rl Sy
roFo] =l Dredge sampler(30x30cm)S ©]-8-3to] & 33]
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AAsHE: A E wEe tfddishn FEERotdo] B off &Jsto] F7HEY & - AE TEFAEOIU vAE FlE
Bkt SIS AY Ao Aol g3 vld 4 w7 sl ofsi 1 %‘EO] aEo] BE55HA HH A
A= e adls ST =R 8(AlkE, sk, %, 4, a3 o] A& FF2 wA= DO(mg/e ), U8+ A
) 470 BFek4 8.Rl(pH, DO, A7|HEE, +2) 12 3o o] F= ol8EH= *71X4EE(S) Rl

I 67 P R(EE, & A, A, 2, AE) 5 &
1572 FESFYE o (Ward, 1992; Allan, 1995; Park,
2004; Ro et al., 2006), Z3tA o)1l A A Al A1}E =&5}
7] fleto] BEAd MERLT SAlo] 482 S4S 35t
ik
e Aalel & ¢3S 1 —1% =
Aol £ 5 the g el @
WolE Ausin, FARE AR
of £.2l(Allan, 1995)0] = TEo] 731%% 2T
(1:25,000) ¥ GPS(Garmin Vista HCx)& &-835}0] &5}
ST, Qo8 PRI} 248 okt ol A7E 27
o 8hgo) £ou, olof ufe} AAER A by @
2301 | S93K(Negishi et al, 2002)& 1|x|= 3}ET} ~Z2
Sdi=s —’?40}01 Az AAre] o] A (m)ek Al7]HE
= Agm)E Fu}A 2]Z&A 7] (Bushnell Tour V2)
Batoke ARSIt £(algae)et > A4t
] ZQ35F Agtd A (Home and Goldman,
et do/do] 27 il 25
R 2l(Edington, 1968)41} F-Alof|, Ho|z}-A
Allan, 1995)3}= §4£2 78 AR HEZ
12 Asto] 22H1m)e} §-<4|(Flowatch)
T Bt iks ARgSkGITh =3k shd A
S 7)2]= ZQ3F 2 21¢)(Lamberti
and Resh, 1979; Minshall, 1984) 3}A4t4tZ+= Cummins
(1962)¢] SHIERAA 5 67) SRS ZHO2 24}
AW 1x1mo] W5 HX|sto] HA A 2pA|6}=
4 Bl&(%)= sl UERl It Teja dRbd o s
Ao dn HREo] glom, tffE QIZte ol o5l ¢
S Hk O]Qzﬂ;q o] g9l & <aukzo] o}xqoﬂ/\{ A B
A4l e vA= A= EEAN ek 9 3
H 52 el ofs WA l Y& pH, t7] § At
AAA Gaffol oJsto] FaE AL, ZFL: ’\*ﬂ"‘ =9 FA

ﬂl

_Q

HApRs
_gr

A Hmo] s ARl Y= A (0) 5
4714 891-&(Choi et al., 1995; Chun, 2004; Park, 2004;
Ro et al., 2006) ZAMA|7|HZE A oA ThalsE £2=47)
(PCD 650)5 °]-83to] A5kl 1 Fatgle AHEsh3ie
(Appendix 2).
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3. EAuy

SE RN} BAA| S o]§sto] AFA SeLE U
(Agglomerative Hierarchical Clustering, AHC)S Z&
E 783 Z(euclidean distances)E ©]-&3t HAAAHZE
H] 7} " H(Unweighted Pair Group Method with
Arithmetic mean, UPGMA)2] A= EA S Folo] A4
4432 BRI, T A4 AILRA A 0
Z Fart B a%E dohy] lshiA TdAA tEElAHE
A H(Stepwise Multiple Regression Analysis, SMRA)Z A}
gam, 2R 1853 Bgacne foly AYe Yot
o] FiE7} AR EE SHA] gon® HRpA FAYH
% Kruskal-Wallis testE ©o]-83}o] HAs%ct 1812
A7) 5w 5= E9(Cummins, 1973; 1974; Cummins
and Klug, 1979; Merritt and Cummins, 1996; Ro, 2002;
Won et al., 2005)& AH&stelen, 275 AA47]s 2t
517 8.910]) g ATHEA(Park and Yoon, 2002)& 145}
of HEZAY 72 2 75| GFS AL FARAS
Sgshali(Tale 1) 71 2% 8 5421 & 0] 5o) A3
J AR = 1/25,000 A FH =S vlE o2 ArcGIS ver9.3

2
S E35to] BA5HY A, £A154L SPSS ver. 12KE o] &
Blieg

Zat o o
1. MMX| REEF

Table 1. Relation between range of correlation coefficient(R) and range of coefficient of determination(R2)

Ranges of R Ranges of R2 Expression of correlation
0.00 - 0.20 0.00 - 0.04 few correlation
0.20 - 0.40 0.04 - 0.16 low correlation
0.40 - 0.60 0.16 - 0.36 show correlation
0.60 - 0.80 0.36 - 0.64 high correlation
0.80 - 1.00 0.64 - 1.00 very high correlation

*Source: Park and Yoon(2002)
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Table 2. Distances between the class centroid

Class 1 2 3 4 5 6 7
1 0
2 5.110 0
3 3.377 4.010 0
4 7.070 3.160 5.697 0
5 7.986 4.201 6.792 2.759 0
6 9.245 6.157 7.925 4.889 4.156 0
7 11.986 9.206 10.754 7.594 7.477 4.656 0

2 Ao e XA FEEFE Sl 54 A 384
Aol olel 425 A4 o
W ge)d W st B4R sE 5 WY 2AT
157119] 2815 ARg-she] &4 3t A Appendix 2), A=
A2l gk of 52 AFsto] FABEA | B Az} 2
o] 379] 15 (Headwater; Medium-stream; Large river).2
2 FE5 ]l o m(Vannote et al 1980), Ag] A=t 45
AFaslo] FRTIHHD)E 79 ClT (318, FR77
(MS) C2¢} C4 121 CS:L-g, SHEL7KLR) C6TF €71
FO2 A7 §go] ER = th(Figure 2, Table 2). 774
A4 488 BR95e Ao|g vms) 1] st
Lo AAL AAT 7:‘J—](by Kruskal-Wallis test), 77l
259 157 ARl BE FoE Zo|7t Sle AR
UERATH(Appendix 4).

AAA] il a7 AES nlAlE 2918 ek
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FA %] %) ©m(Y=3.810+0.004x1-0.002x2, r2=0.558, p<0.01),
T Fol A ulAMAH ] CRpAS ARSI sEe] ofat
oggFo] 2 Ao Z YEFTHNegishi et al., 2002; Park, 2004;
Ro et al, 2006). 3}3H4 BHHaclo] AL 2exl)i}
Conductivity(x2) 12|32 DO(x3)°] 93] F&S vt A
o7 BAEQOm(Y=2.905+0.117x1+0.006x2+0.274x3,
°=0.754, p<0.01), 7L Fo| A% YE2] &} a}:<] 24
Aol FFE vlAL 20 o] 2 o2 et
(Choi et al., 1995; Chun, 2004). E3t W A& =
AXY A FsEmol QlolA AAA =AY Fagt 7|
=S 3= ’6}%1‘ZH§_(Lamberti and Resh, 1979; Minshall,
1984)9] 749~ Mefi(x1)eF AE(X2) 2]l ZApz(x3)ol| 2
3 Gk Ht= Aow EAEQ O m(Y=1.700+0.46x1+
0.067x2+0.039x3, ’=0.720, p<0.01), L ZJA & =)o
ol = Ao 2AEYT. £2H A% fEuRl

B P vlAE Fod ecle Qubkel shale)
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Figure 2. Clustering of sites based on environmental factors
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%37} A ER s o] Yol ol S7Iske 54

S vldsla Qi E3E Salo] ZojA|H, S A o] 7kA
2 QIsto] dxgro] @WotA o] F7IsHA Hal B}
FE o2 FH& gutA <l sEA](Vannote e al., 1980,
Park 2004y F HEYS adlow &

5O

2, 8447

olr

T BZEY

w7 A A AR S8 pARSS F 95 461
142 105,755.6 WA 2 ZAFE|Q o, HA7|eF 2 74
A A dEFS AHEH 9= F2(Gathering-
collector, GC)7} 473 33.10% 2 74 =4 etk 1
2 FolH= ZF|(Predator, P) 36 25.35%, =¥
Ta(scraper SC) 21 14.79%, HojH= —'?_E](Shredder
SH) 20% 14.08%, 28jH+= T (Fllterlng collector, FC)
14% 9.86% 18|31l EolH = E](Plant-plercer PP) 4%
2.82% o= 2AME ]I 7H><ﬂ—’F dEF 49 FHH=
27} 72,078 770A| 68.16% 2 thEES AFA|5haL Q= 74
o Yo, 1 teos Aydi 2] 290123747
27.43%, SrolW Ta] 24573707 2.32%, opHi g
1,327.370A] 1.26%, MojH = Fg] 818.77§A] 0.77%, 1]
I FojH= 7 613714 0.06%9] oz EARE QI
(Figure 3, Appendix 5).

MAA] e&W MHA 7S] 2 AT R4
E4& v|wgh A3K(by Kruskal-Wallis test), & —_,L*g 01]/\1
ol FEE AQdtls BF FAA Oi G-0]8} xJo]

ES&E]-(Appendlx 5). Ag9= 219 79 T2 A
e nE F500] ok AR SR A

—l> i sf

a)

GC
33.10%

P
25.35%

Il Filtering-collector, FC
Gathering-collector, GC

I Predator, P
Plant-piercer, PP Wl Shredder, SH

2 =4 &3 fﬂ‘i“iﬂ,iiﬁ% o A% o
Fbo| 15 B3ESHA Q) _O_Uﬂ(RO et al., 2006), S}
Z7VeH= Aoz ZAME QI th(Figure
4) "41 T%’%E*% ol A9 AutRu SESFA
o|9} 7“’ i‘ﬂoﬂ LH’%‘Ol 8%t F=o] ZFE o] Q7] Wi
of StRE A4E HAREo] Sk AFES Holil e
Ao 7 HAEm(Bae ef al., 2003; Park ef al., 2006; Shin
et al., 2006), 3}F7tO 2 ZrE Ql7to| 9ot wetkd}t &
71 % (Organic matter)®] 571 5 <U91AQl 82lo] Ty
o] Q7] WlEo & AtgEHctHHu et al., 2005; Qu et al,
2007). Fop= F2l8 A S0t Al dEE BFR
&tAto] qe A& 3ol vlsf Ao RE f =2
ZAHES B o]A2 o= Fejrt A7) ol
ARkQl oF 48%9] & &5 AAstaL QlaL, Aol
T2 SAT AA s g5 AriEo] S 24
Ab 715wl &8f 7] flme 2wk th(Ro, 2002). FO)
He e ;SO} e Foof W= shRe] A -
{ l Haf o =& S8 et shdo] A% e
A Efol = ;7]— o]Atol| Al A8-Lo] Zr)5t= AHTF
= EOlL ol 29 A9 S5 A 34*3* E
& SR R FEska glglen, shrole
A °w°"E]-(Park et al., 2006). laJ__ HojH = UFAA
35 AFrdel B S8 MAlg dEFe] EA6H,
NN AR
HolA| E&=d|(Vannote ef al., 1980; Hawkins and Sedell,
1981; Park et al., 2006; 2010; Ro et al., 2006, Shin et
al., 2006), o|¥ ZAlNE E42} A4 FEH B A)
FRLOIA THE AAA S 3 o £ 2 vg

U

=
=
=
)

=

o

b)

GC
68.16%

E Scraper, SC

Figure 3. Comparison of relative ratio species(a) and individuals(b) of functional feeding groups in the Geum River
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Figure 4. Comparison about relative abundance of species
functional feeding groups by classes in the
Geum River

[e]
=
7he Hofel Rejoh otult Rejo] Hlgo] ok, %
RS FolHt Ko ulgo] F/5H AL B 4 9
Qlck. 1el3 SRk ol Helsh AtHoE B

A BTk BR A FRINE FYuE
Ay = F9Q collector7} S7Fk= A= &2l & 4=
o AnHoR B A7l 3% SAHE 5

of AglA 2AE FE g B8

Ago| A2 FAst Ao Z AlgHtH(Vannote et al.,
1980; Ward, 1992; Williams and Feltmate, 1992; Allan,
1995; Bae et al., 2003; Park et al., 2010).
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HAIsEe] & 74 0 AR AEge] ke nls
0% BHRAS T A A

pearson correlation analysis)2 4!
S spols & AuKTable 1), H414] 438
AEF Sl dFe A FHLRleEE #%
(r=0.734, P<0.01)3} 2 &(r=-0.640, P<0.01)7} =& A4
2 HolE: 9907 UElSH(Edington, 1968; Allan,
1995), 71 QJol|z= 3}, =%, 4, AE, A7|A=E O
1 Fo] e Hole Aor A Al dE
2 82x(1=0.389, P<0.05)31} ZFA}ZH(r=0.343, P<0.05)¢]
o RS wel 2 ARRe nAA gk Aow 24
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2
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Table 3. Correlation coefficients between environmental
factors and number of species and individuals

. Statistics
Environmental CCNS® CCNT®

factors

r P-value r P-value

Elevation (m) 0.386* 0.017 -0.132 0.428
Stream width (m) -0.590**  0.000 -0.257 0.120
Water width (m) -0.581**  0.000 -0.288 0.080
Water depth (m) -0.554**  0.000 -0.237 0.151
Velocity (%) 0.734**  0.000 0.389*  0.016
Boulder (%) 0.297 0.070 -0.228 0.169
Cobble (%) 0.514**  0.001 0.059 0.723
Pebble (%) 0.494**  0.002 0.241 0.146
Gravel (%) 0.096 0.568 0.343*  0.035
Sand (%) -0.640**  0.000 -0.201 0.226
Silt (%) -0.554**  0.000 -0.268 0.103
pH (pH) -0.317 0.052 0.168 0.313
DO (mg/t) -0.358* 0.027 -0.079 0.637
Conductivity (S) -0.587**  0.000 0.051 0.761
Temperature (C) -0.308 0.060 0.291 0.077

*P<0.05; **P<0.01 in the Pearson correlation analysis
a: Correlation coefficients for the number of species,
b: Correlation coefficients for the number of individuals

Qlth(Table 3).

Ia AT eoEE AR EY dyds R 49
9. 2(r=0.520, P<0.01)7} $=Z(r=-0.535, P<0.01) I AlE
(r=-0.560, P<0.01)7} A4S Uetulth FojH= Fej=
F4(=0.633, P<0.01)7} =2 S yetyon, Ffo
Hi 2l T%(=0.616, P<0.01)9} 8-2:(r=0.633,
P<0.01)¥ ZE(r=0.634, P<0.01) 181 A7|HA=Z
(r=-0.609, P<0.01)¢} = &j(r=-0.618, P<0.01)7} =2 Ak
A& Hol= Ao r ARSI HFojH= Feo e &
Z(r=0.630, P<0.01)1} A E(1=0.606, P<0.01)7} =2 Ak
A& detilon, Fold= a9 A #5(=0.723,
P<0.01)7} A7 A =% (1=-0.626, P<0.01)7} o A4S
Hol= Zog A=t Moz Fe9 3¢ ik
(r=0.768, P<0.01)2} Z-=(r=0.780, P<0.01)z} DO(r=0.672,
P<0.01) 1831 pH(=-0.693, P<0.01)¢} A7|HA==
(=-0.662, P<0.01)7} =2 A4S Helon, =29 3¢
(r=-0.800, P<0.01) % =2 &2 AHAdES Hell= Ao
2 ZA}E|QITHTable 4).

A o5 GAA thE3]fEA e o8l =& e
A F AT A4 A4 (r=0.600, P<0.01)0] Sl=
Ik, oFE, 75, AVAEE, 2 28 B 5 6719
F a0 274 A HA7Iew B G vA=
293 gQlo=z BAE G th(Park, 2004; Ro ef al., 2006).
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Table 4. Correlation coefficients between environmental factors and species of functional feeding groups

Statistics
Environmental factors CCFC* CCGC® CCP* CCPP* CCSC* CCSH'
T T T r T T

Elevation (m) 0.073 0.222 0.616** -0.287 0.477%* 0.768%**
Stream width (m) -0.471%* -0.573%* -0.410* 0.549%* -0.505%* -0.464%**
Water width (m) -0.535%* -0.578%* -0.370* 0.630%* -0.488%* -0.344*
Water depth (m) -0.409* -0.510%* -0.439%* 0.561%* -0.460%* -0.523%*
Velocity (m/sec) 0.520%* 0.633%* 0.633%* -0.150 0.723%* 0.493%*
Boulder (%) -0.220 0.147 0.634%** -0.157 0.234 0.780%**
Cobble (%) 0.342%* 0.407* 0.566** -0.260 0.545%* 0.574%*
Pebble (%) 0.493% 0.523% 0.323* -0.401* 0.391%* 0.064
Gravel (%) 0.386* 0.113 -0.171 -0.303 0.051 -0.172
Sand (%) -0.460%* -0.554%* -0.618%* 0.461%* -0.576%* -0.552%*
Silt (%) -0.560%* -0.533%* -0.380* 0.606%** -0.462%* -0.287
pH 0.022 -0.222 -0.561%* 0.307 -0.405* -0.693%*
DO (mg/L) 0.068 0.293 0.536%* -0.378* 0.471%* 0.672%*
Conductivity (S) -0.319 -0.461%* -0.609%* 0.196 -0.626%* -0.662%*
Water temperature (C) 0.063 -0.201 -0.535%* 0.313 -0.335%* -0.800**

*P<0.05; **P<0.01 in the Correlation Analysis;

a: Correlation coefficients for the filtering-collector, b: Correlation coefficients for the gathering-collector, c: Correlation
coefficients for the predator, d: Correlation coefficients for the plant-piecer, e: Correlation coefficients for the scraper, f:

Correlation coefficients for the shredder
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