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Abstract

In the present study, the community distribution, functional feeding groups, and habitat groups of the benthic
macroinvertebrates from Gayasan National Park were investigated at eight different sites from 2015 to 2016. The
correlation between habitat altitude and each group type was analyzed statistically. Biodiversity indices, including
dominance, diversity, richness, and evenness indices, were calculated. The results showed a total of 4,216 individual
benthic macroinvertebrates were collected, including 4 phyla, 6 classes, 16 orders, 40 families, and 100 species.
Gammarus sobaegensis was dominant with 0.141% dominance, and the subdominant species was Epeorus nipponicus
with 0.088% dominance. The EPT group(Ephemeroptera, Plecoptera and Tricoptera) accounted for 71.00% of the total
species and 67.69% of the total individuals. The number of scraper species was highest, and the number of gathering
collector individuals was highest among functional feeding groups. The individual number of scrapers(r=-0.358, p < 0.05)
and gathering collectors(r=-0.343, p < 0.05) decreased with increasing altitude. The numbers of species and individuals of
clingers and sprawlers were highest among the habitat groups. The individual number of clingers(r=-0.547, p < 0.01) and
burrowers(r=-0.331, p < 0.05) significantly decreased with increasing altitude. The diversity and richness indices were
higher in St. 3 than in the other sites. The dominance index was highest in St. 2, and the evenness index was highest in St.
7. We evaluated the biological water quality with several known methods, and concluded that ESB(Ecological score of
benthic macrovertebrates community) and GPI(Group polution index) were more suitable than KSI(Korean saprobic index)
and BMI (Benthic macrovertebrate index) to assess the biological water quality of Gayasan mountain stream water.
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Fig. 1. Surveyed sites of benthic macroinvertebrate in major streams of Gayasan National Park. Sites of Hongrygol(St.1,
St.4, St.5, St.6); site of Chibatgol(St.2); site of Toshingol(St.3); sites of Yonggigol(St.7, St.8).
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7801 3E(3%), A7) 2E(2%), o7 Hlmzto]
Z12F 18(1%) 4 9] =0 & UEbth H(order)d $4
&2 sHRAolE0] 34F(34%) & 7P Eqker
dieef5o] 245(24%), == 138(13%), T25
9E(9%), TESEI AtE] o] Z2F 45(4%) 4, F-
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t} (Fig. 2A).
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2 7P wekon, vjataF7t 1,112704](26.38%) 1
o} H|2LSFollA= Axadol 607704|(14.4%), £
7+ 3097041(7.33%), 2F7 166714(3.94%), A2
7+ 29741(0.69%), H1=7F0] 17071(0.02%) 2] <=0
et 3 Al shEAolEo] 1,938714)
(45.97%)= 717 Wo| gRlElom, 1 3o =e
thzHEo]  5947)4|(14.09%), ZAEEfE 484714
(11.48%), Y=all = 432707(10.25%), Z=EZ5 307
THAN(7.28%), A7 166 7]A](3.94%), T}2]= 129
7HAI(3.06%), FAE] = 11070A](2.61%), B A 2=
267071(0.62%), A1 ZH= 13 7041(0.31%), WA E % 9
7HAI(0.21%), F-2jA™ 2= 37§4](0.07%), 7]k 2
ZHA(0.05%), EAFolm} iy, WAL ol
217+ 1 7)4](0.02%) W ©. 2 LFeRT) (Fig. 2B).
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213} 39 53570, St.7oA] 1527} 552 193} 32
2 1587114, St.80)| 4] 25 37} 9= 233} 40% 70271 A
7h ZAFE QI 7P W Fo] 9t 32 st.3x)
St53EA] 7t 4654 Edstglon, 7Py A2 47t
SholE] ZAMA AL St.1 ©& 19%0] 238t} 7Y
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Fig. 2. Species composition (A) and individuals composition (B) by the order in Gayasan National Park(2015-2016).
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QEAL St.1oj|A] 7P w2 =25 YR SITE 3 W
5% A= 20150 St.1o|A 718 =9k vk
St.20f|4] 7 Hokd A o' ek ow 2016dofl=
St.70l| 4 7H =L St.20 4] 7 Wt Ao & Uet
sk

AR of| W2 AEE A s AT e
H AT 242 0.314~1.0002] Y2 LERFOH
St.10]4 3HAe] 1.000% LRt AL e F4=9}

AAG7E Aol $RF okxIFel AT A
MAGE tehiolr] ujRolch AdHms 249}
Aol SAR E B 415 e Q. e

A4 0.450~2.6052] W2 UePFon R & o
2 St.30]A =2 gk Ho=QlaL, St} St.2 A 7o)
W2 A5 Uitk AldA o2 = sHAV =4
Hoh= SARAPA B 22 215 Uil &
B 255 1.509~4.9142] Hog Uepton A}
AERE A Y oofE Aef nRbrFR]| = St.3 o
Al B & S Holqlar St1a St204 W
& et St AR = sHAU Ao vlal &=
Aol B =& A5 Ytk 4% Age=
0.231~1.0002] HY2 Yeptor StloA 5%
A47F 10002 =4 Uehd 22 EdFo] = &
2 NAIE YERRSY] wiiEelth RARAE R
A4 0= St.1o|A] =27k = AL St.20)| 4 Wkt
ARH R i FE A sHAlOl HIsh Aol H =
2 A5 UERY SItK(Table 1).

Adol| wE A= FHEHE AHEYH 3%
A4 2015 A 2AMA 04228 71 =942
2016 A0l 0.205% 7} WOk, offe A=
2016 A ZA A 3.172 7P E9kom, 20154
A0 2.7042 71 @kt 1Eal FRE A=
2016\ A ZA A 7.1672 7 =11 2015 314
o] 6.307=2 7 WUt HeE A== 2015 4|
ZAPlA 0.8212 7 =9kom, 20159 EA
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Table 1. Biotic indices of macro-invertebrates in major streams of Gayasan National Park in 2015 and 2016
DI H RI J

2015 2016 2015 2016 2015 2016 2015 2016

Spring 0.619 0.800 1.616 1.323 1.971 1.534 0.830 0.680

Summer 1.000 0.500 0.693 1.834 1.443 2.606 1.000 0.943

sl Autumn 0.600 0.538 1.582 1.778 1.846 2.339 0.883 0914

subtotal 0.068 0.603 2.116 1.915 3.024 2.797 0.851 0.747

Spring 0.938 0.849 0.450 1.005 1.369 1.259 0.231 0.561

Summer 0.710 0.803 1.367 1.268 2.330 2.189 0.622 0.511

Stz Autumn 0.579 0.632 1.833 1.739 2473 2.635 0.764 0.678

subtotal 0.487 0.703 1.361 1.675 3.513 3.931 0.462 0.542

Spring 0.314 0.401 2.605 2.587 4.587 4914 0.831 0.794

st3 Summer 0.531 0.458 2.051 2.334 3.597 3.622 0.757 0.793

Autumn 0.452 0.656 2213 1.763 2.934 3.309 0.839 0.636

subtotal 0.319 0.419 2.856 2.618 6.281 5.510 0.797 0.742

Spring 0.745 0.538 1.359 1.958 1.399 2.956 0.654 0.706

Summer 0.586 0.620 1.758 1.832 2.354 2.867 0.733 0.661

Su4 Autumn 0.505 0.651 2.169 1.784 2.805 2.998 0.822 0.643

subtotal 0.490 0.506 2.380 2.286 3.292 4.511 0.795 0.679

Spring 0.668 0.607 1.608 1.820 2.867 3.003 0.580 0.642

Sts Summer 0.570 0.395 1.855 2.238 2.289 3.560 0.774 0.760

Autumn 0.333 0.558 2.446 1.921 3.292 2.635 0.863 0.749

subtotal 0.555 0.308 2.699 2.587 5.517 4.733 0.765 0.761

Spring 0.647 0.505 1.837 2.125 3.181 3.185 0.648 0.766

Summer 0.620 0.548 1.614 1.965 2.045 2.647 0.734 0.766

S Autumn 0.726 0.627 1.717 1.637 3.150 1.853 0.651 0.745

subtotal 0.597 0.504 2.090 2.300 4.660 4.644 0.634 0.698

Spring 0.424 0.400 2.370 2.367 4.004 3.822 0.875 0.897

Summer 0.882 0.385 0.660 2.194 1.059 3.069 0.476 0915

su7 Autumn 0.645 0.571 1.615 1.814 1.747 2.628 0.830 0.826

subtotal 0.137 0.364 2.400 2.670 4.551 5.295 0.788 0.840

Spring 0.674 0.404 1.719 2.483 3.610 3.890 0.584 0.815

Summer 0.709 0.489 1.497 2.023 1.996 2.658 0.681 0.767

S Autumn 0.360 0.389 2.480 2372 3.868 3.507 0.828 0.855

subtotal 0.654 0.354 2313 2.652 5.357 4.891 0.667 0.780
33, MEe 4ua) 2 TF%old Vel Wele tebgrk w4
) MY ESNEERO] MeEA WS A 2015609 7 e 20 et
A YRR HEEE Y HNESB)E ZAK| H ZAR G2 A0 St32 820|% o [F=E L
00 ek 30141 909 eIz Uishygon, pgse  EPEIL M SEE SRl SLA o) 302 4

HElo] N~ V42 heidet 2016139] 71 &
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A& UERH ZARR] 2 A9 St.3 22 900]% 2
™ 5= UL, 73 & 32 shAofl st A3
oflA 142 AP =lo] M2 UEREITH Table 2).

Table 22] A2 vlgto 2 AAA YHEHZEE
A=l AR gk} EEAAE v as)
™ 2015 o]l St.304] 61(x18.52) & 71’ &9k
dhy St.10] 12(38.54) 2 714 wofc) 2016 =2] =
AR HF 3 B2 St30] 70(+19.52)2
71 E=9kom, St.1o] 15(22.65)2 7 Wekth A A
A PR K= Yo AAdE 39 55
HALE vwshd, 201550 24| 47.13(223.01),
317 28.18(£15.35), 7] 40.13(£16.12) 2 ZA|2} =
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Table 2. The biological evaluation of water quality by the distribution of benthic macroinvertebrates in major streams of

Gayasan National Park
2015 2016 2015 2016 2015 2016 2015 2016

ESB WQ ESB WQ GPI WQ GPI WQ KSI WQ KSI WQ BMI WQ BMI WQ
Spring 20 i 13 M 063 I 1.16 IO 007 HH 017 HH 93.69 HT 8383 HT
St.1  Summer 3 V-V 14 I 050 I 081 I 0.00 HH 058 HH 9375 HT 8698 HT
Autumn 13 m 18 m 107 O 113 1T 046 HH 061 HH 90.08 HT 88.09 HT
Spring 21 m 24 M 063 I 052 1 000 HH 0.03 HH 9529 HT 9591 HT
St2  Summer 31 I 30 O 063 I 0.50 I 0.04 HH 001 HH 9472 HT 9515 HT
Autumn 37 I 38 O 062 I 0.63 I 0.05 HH 0.07 HH 9647 HT 9589 HT
Spring 82 I 90 I 057 I 062 1 0.09 HH 0.09 HH 9633 HT 9438 HT
St.3  Summer 54 T 69 I 061 I 063 I 0.04 HH 0.07 HH 9540 HT 94.10 HT
Autumn 47 I 51 O 056 I 058 I 0.04 HH 0.02 HH 96.86 HT 9519 HT
Spring 26 i 48 I 060 I 105 IO 010 HH 020 HH 9558 HT 8885 HT
St4 Summer 23 m 49 @I 100 O 088 I 028 HH 0.19 HH 87.19 HT 88.06 HT
Autumn 38 I 49 O 09 I 101 T 040 HH 052 HH 9135 HT 8873 HT
Spring 52 I 53 O 069 I 0.73 I 0.08 HH 0.10 HH 9511 HT 9235 HT
St.5 Summer 37 I 5 O 078 I 0.87 I 020 HH 029 HH 89.75 HT 9189 HT
Autumn 53 T 39 O 071 I 104 IO 036 HH 044 HH 92.16 HT 9142 HT
Spring 58 T 53 0 095 I 094 1 028 HH 034 HH 92.05 HT 90.19 HT
St.6 Summer 29 i 42 O 130 O 133 O 061 HH 059 HH 8355 HT 8570 HT
Autumn 43 i 23 O 117 O 174 O 004 HH 063 HH 8823 HT 8047 HT
Spring 49 I 45 O 062 I 059 1 0.03 HH 0.08 HH 9792 HT 9477 HT
St.7 Summer 14 m 383 O 061 I 053 I 041 HH 0.07 HH 89.89 HT 9811 HT
Autumn 25 m 30 O 055 I 0.60 I 0.18 HH 0.16 HH 95.00 HT 9444 HT
Spring 69 I 73 I 059 1 0.63 I 001 HH 0.08 HH 9560 HT 93.64 HT
St.8  Summer 34 T 46 O 053 I 059 1 0.01 HH 0.03 HH 9590 HT 9236 HT
Autumn 65 I 54 O 055 I 057 1 006 HH 0.06 HH 9373 HT 9471 HT

ESB: Ecological Score of Benthic macroinvertebrate community, GPI: Group Pollution Index , KSI: Korean Saprobic Index,
BMI: Benthic Macroinvertebrates Index, WQ: Water Quality, HT: highest, HH: high
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Fig. 3. Species composition (A) and individuals composition (B) of the functional feedings, and species composition (C)
and individuals composition (D) of the habitat trait groups by the order in Gayasan National Park (2015-2016).
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Fig. 4. Species composition (A) and individual composition (B) by the functional feeding groups, and species composition
(C) and individual composition (D) by the habitat trait groups of Gayasan National Park in 2015 and 2016.
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Fig. 5. Linear regression analyses between altitude and individuals of each functional feeding groups in Gayasan National

Park (2015-2016).
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Fig. 6. Linear regression analyses between altitude and individuals of each habitat trait groups in Gayasan National Park
(2015-2016).

ojng I EAS Bt ANBETERE HojFe 2288 F7H AT A 2lE = At A4
Aifolo. RARAEE AP HF5E BES 3 WY RAETES] SHAS 7 2AREER A
v w3 H 2016\ 0]i= 2015 o] v]af Za} 7| A5 W 7P B Fol AE 2 St39 S5 7
7} S7VIGAINE shRAtols, s, dedin 5 ZF46F0] SIENAL M A Fol ARE e



7fopike) AXAG i@ Aa-s= 47w R AHSAEE

St.12 19FRto] SISt &8 7HAl4== St.5001A]
854 7fA|= 714 Weokal, St.1oA 11172 7 A
itk E47h 71 e St3uk Ee} AT} &
= 7P Wold St.5= ZARR|A & 7P oF S5k A A
o B 47} Qla, Sk AT g He
St1S FRE AR 50| 2RodYo R g}
of Aol mAF7IUAS] TRt fPo= A4

wgto] ZstA| 7FsfiA) 7] ufZol e} ke .
AA71 5w T woldeielolA 7 w3t
L, A= AT oA 7} ATk Fold

LR S RARRE FolU, Rty

= sl Sl Bl SR §715 % He), ok
Mo olefst 4L hure] mao] He 7}
opit Y FAL sHe] BAL uIsie Aole &
o Gl ok 2A ] e el 24
Ao AAHOR FHoldrest o ge A

71 Sk ol oo el e el
/\ﬂi(’%ﬂ o] wizksly] wio) 4="o] Ay oz
O et A, BAIE, 87150 ¥ HEE] 22

s W2 Aolch A5t mEel Ak
of diks 2u ST ATt A
-0.343 8l 7= 99.5% = frofeh 5o AHHAE
LRl o] st Ak el A4)7]5o] of
g AR Aol =A== AT A 429
W=7t wEgs @A] Akl gel A7K(Shin
et al., 2006)2h= LA[olt AA|ehet, eyt A|@j4t
YUY ATl ATk A7 et B2 Al
ko] AS vl maH ARk oF F(Bang et al.,
2016)0. 2 Ho}, Ra et al.(1991)°)|4 A|A|H i} &
o] ojE A7)0 ZFFALS o] thol ofgF
olgl7| Rl A4 ;q_,] olg] =2 d slske] @

olo] Bokzl o 7 851 Ayl sfjAls||of & Aolth
T AAGATe] BE AR AR Bl
2)o} 7| =5e]9] & o} ARG ohE 2 Bk o]
FEF RS I 4 e, ol ARPAFL] £l wh
2 ol Hgatol A7) AFsly] wholeka Azt
HAlBA T} O] AFpHEAl o] ATME B

B

ro
i
n:l>

W 2= A -0.547 U 8-9% 99.9% =
SO AHPAS Urehiu), o]t 1E7} obus
=

o5} o] Fopx|7] wjze] of 2%t At

<

ol 2 5157} 397

r-1m

Zo= Helt) |1 Fuk=Ra7t ATAS -
0.331 9 49= 99.5% = SOATTAS el
|, o] LT} obaE Heef B4 E Fol Hlal

2 Z01 57| gitol| Zul=te] o] A7 EojE=
Ao = AR ot 18U A7) A4 75l H
] AAGAdte] Aeoll Het A= Ao R 1
H)gh Algoln g Aol thgh Fa] &2l afj4lS 9l
H—t— HAAT7} ko2 T Ak QA o]FolAof T

Zoltk. ohA] Wal| ALt A7) s, T1E|al akeet

WS%E{POH Frejmigt Hesdo] Aol HaljAl
£ Uo7 o g2 A7} o] Fo] X Fof| FRFH o R
3] Holof & FA| 2 A7z,

ZAAPAE A AatolA] BER]G7E A0

7P =9k dHAlof| 7H Wkt o172 A4 o
FEAFTE 8% 1 A YERE dury
Axfolct 0}74101] A& kol 7 W o]f+= st
Aol 2 423} ZF4ege] Ws), i QI7ke] 1A
w7t 7] giio|n Ry tdulgo] 7MYt =
2 FAEZ] 3t v il AN {50l oF
2 MARE HRotA] 2 A7 2A, AA A==
AR 7 A7) 7Y Aol

A= A 7ol A A4 A S Zig-— A
EjSESB)= 2] AR AA 1 ~TH
2 e oL st 101]/‘1b £3] 2015 %= Aol =
T4l ghel] sHAjoll= Va=7kA] 2 thofst —’r—é_‘i
Vb=t ol=3t Z:i#% o] ZAR oA A A/

BT A FE B0 AT HGE A
3} 3L BRIo] Glow] of AN AFE 54

Ei—‘%EH E} o] f71EHo] AR FUE o] Hoj
A Zoz AoE & ApelA dteAyEAS
(KSh+= X%xﬂ ZAAA ‘high’ 9] AEE YRS,
AMABERSBMD)E AR ZARR| A <ZAP 9]
AFE7E Ut o 7 7R A P2 *&{Pﬁ]
o} gro] SAAFE|7E F53t 3ol disfale dEE
J) A7 ghol AAE ] whiell =7 Al ¥
Ho] glrks o] ook EB7RYHe) HE Y
o BalA Aejate] AAARE o 3t A
oA A=t 7R eEol gk vl s o vt
™ 7L Aol M HA] KSI9} BMmo] TE 3
ZAAEH MAAT A o2 Wl

=

¢

9lo
Ao
o]

o
Ho
=



e g - ol

Sl
H>

398

wo} H3a}x) ajehs oA AASHCkBang et
al, 2016). Z o] % 712] 52 H7Pge BAshol
343 w40l 2o o Mglehnz RgUe] A
Aol A83 4= = HESHH £AF Vo= o

o] AN P RAFEE A HESB)L 29
QASAGP 7} o] i Eo] o} 483t A0 R Tk
ek 1 AN O Y AES)
£ 47T RS %0 8 50 o2 Aslo] 7R
3 AN E B8 B9t 2L S Q7] who] ol
St A ESHA SR 7R AHA = 9] Z Ao IHA|

le)
w.gto] 1 pajrhi A7,

¢

o
Y
ru

Tlopta g FasA) 87) ZARIH st
2015AFE 2016 E7FA] A A4 T 711@ to] L
AR, A7) 523 AAdwe)l B o, e
3 e 4RE RASch E P
Atatol 2t AR ) SHE, Frioks, FFH

FEES gobugieh. 2 Aah Azl &
3t A A4 q]&‘ﬂz%_riﬁ 45 67" 162 403}
100Z 4216704191, AR LHEL HEIAS
(Garrmarussobaegenss)i QAT = 0.141%9&2&],
ol HEo JEA|3|FAEo|(Epeorus nipponicus) @
QH=E= 0.088%%tE EPTS AA| &dE9)
71.00%E 2HAskaL HA] S@NAG2] 67.69% 5 #
freteiek A7 s T Fold=ral7t M
WAL, Al FH e 7P wdth e
AT se SRS AR FYH T
FolH=Tge =7t opylol wet A7}
%74]5}7‘—412 FrojulshA kit A4S
T A= E=Eleh 7l=TEolA wWel &3
o}%ﬁ AL gdﬂ AAGETE A EY, =
ERee} Fujen w 7} 3ol o] whek
7k frelulah 2asks A 2918 4 A AR
Aol A Frtope el £5 H_rr St3 Al 7
L=0ky S HE L St A TP Bgton, HE
L= St.7 Aol A 7 = A ekt 1l ARl
2 7A]) vh{ o g AESHA 2P ULE s om 1

A3} Fjopite] Aol B A AR et st

rﬁij—ﬂ ﬂll

[

n\i
ofth

rH

O = [e]
c oA - A

2 5249 7}ol3= KSIL BMIK.thi= ESB9} GPIA|<
7h e Agsirhs dEo] =it

REFERENCES

Bang, G.J., Kim, H. G., Yoon, C. S., Cheong, S. W., 2016.
Distribution chracteristics of functional feeding
groups of benthic macroinvertebrates and biological
evaluation of water quality in Jirisan National Park, J.
Environ. Sci., 25(5), 655-671.

Cummins, K. W., 1973, Trophic relations of aquatic
insects, Ann. Rev. Entomol., 18, 183-206.

Cummins, K. W., 1974, Structure and function of stream
ecosystem, Bioscience, 24(11), 631-641.

Cummins, K. W., Klug, M. J., 1979, Feeding ecology of
stream invertebrates, Ann. Rev. Syst., 10, 147-172.
DIN 38410, 1990, Part 2, Biological-ecological analysis
of water(group M), determination of the saprobic
index(M2), German standard methods for the

examination of water, Wastew. SL., 1-10.

Jung, K. S., 2011, Odonata Larvae of Korea, 1st ed.,
Ilkongyuk-Sa, Seoul, Korea, 14-399.

Kawai, T., Tanida, K., 2005, Aquatic insects of Japan:
Manual with keys and illustrations, 1st ed., Tokai
University Press, Kanagawa, Japan, 27-1275.

Kim, H. G., 2012, An analysis of the community structure
of benthic macroinvertebrate community and an
evaluation of water environment in the main stream of
Gayasan National Park, M. Sc. Dessertation,
Changwon National University, Changwon, Korea.

Kong, D. S,
Hongseong and Yesan County, Ministry of

1997, Benthic macroinvertebrates in

Environment, Natural Environment in Yesan, Seosan
and Hongseong, 155-204.

Kwon, O. G., 1990, Illustrated encyclopedia of fauna &
flora of Korea, Min. Edu. Korea, 2-446.

Lee, C. E, 1971, Illustrated encyclopedia of fauna & flora
of Korea, Min. Edu. Korea, 386-448.

Margalef, R., 1957, La teoria de la informacion en
ecologia, Mem. Real Acad. Cienc. Artes Barcelona,
373-449.

McNaughton, S. J., 1967, Relationship among functional
properties of California gassland, Nature, 216,
1268-144.

Park, H. C., 2010, A Community structure of benthic



Tropake] AAA B FHEEE A4S

macroinvertebrates in Gayasan National Park, M. Sc.

Dessertation, Changwon National University,
Changwon, Korea.

Pielou, E. C., 1975, Species-diversity and pattern diversity
in the study of ecological succession, J. Theor. Biol.,
10, 370-383.

Ra, C. H,, Cho, Y. K., Kim, J. S., 1991, The seasonal and
altitudinal distribution of the stonefly nymphs
(Plecoptera) in Paemsagol valley of Mt. Chiri, Korea,
Korean J. Limnol., 24(2), 69-76.

Resh, V. H., Rosenberg, D. M., 1984, The ecology of
aquatic insects, 1st Ed., Pracger Publishers, New York,
508-557.

Resh, V. H., Rosenberg, D. M., 1993 Introduction to
freshwater biomonitoring and rentic macroinvertebrates,
Ist ed., Chapman Hall, Inc., New York, 1-488.

Ro, T. H., Chun, D. J., 2004, Functional feeding group
categorization of Korean immature aquatic insects and
community stability analysis, Korean J. Limnol.,
37(2), 137-148.

Shannon, C. E. 1948, A Mathematical theory of
communication, Bell Sys. Tech. J., 27(3), 379-423.
Shin, H. S., Park, S. C., Kim, J. K., Kim, S. J., Park, J. H.,
Choi, J. S., Choi, J. K., 2006, Community analysis
based on functional feeding groups of aquatic insects

in Wonju Stream, Kor. J. Env. Eco., 20(2), 259-266.

Song, K. R., 1995, Systematics of the Hirudinea(Annelida)
in Korea, Korea University, 1-57.

The Korean Entomological Society of Korea, 1994, Check

pi=)

<

ARG

s} YESIE 97 399

Az

list of insects from Korea, Konkuk University Press,
5-744.

The Korean Society of Systematic Zoology, 1997, List of
animals in Korea (excluding insects), Academy Press,
Ltd., 2-489.

Ward, J. V., 1991, Aquatic Insect Ecology, Part. 1,
Biology and habitat, 1st Ed., John Wiley & Sons, New
York, 1-456.

Won, D. H,, Jun, Y. C., Kwon, S. J., Hwang, S. J., Ahn, K.
G., Lee, J. K., 2006, Development of Korean saprobic
index using benthic macroinvertebrates and its
application to biological stream environment
assessment, J. Korean Soc. Water Qual., 22(5),
768-781.

Yoon, 1. B., 1988, Illustrated encyclopedia of fauna &
flora of Korea(Aquatic Insects), Min. Edu. Korea, Vol.
30, 7-840.

Yoon, I. B., 1995, Aquatic insects of Korea, Junghaengsa,
Korea, 5-262.

Yoon, I. B., Kong, D. S., Ryu, J, K., 1992, Studies on the
biological evaluation of water quality by benthic
macroinvertebrates (3) Macroscopic simple water
quality evaluation, Korean Soc. Environ. Biol., 10(2),
77-84.

Yoon, I. B., Song, M. Y., 1989, A Revision of the
taxonomy of Korean black-flies (Simuliidae : Diptera)
1, The larval and pupal stages of subgenus Simulium,
Entomol. Res. Bul,, 15, 35-64.



