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ABSTRACT

An ecological survey of an aquatic insect community was conducted in a total of nine sites in the area
of the northwestem slope of Mt. Odae, from 29 June 1997 to 4 July 1997.

The aquatic insect taxa represented 71 species, 24 families in 6 orders, including 65 species in 4 orders
from the quantitative sampling. Among these, 28 species belong to Ephemeroptera, 2 Odonata, 11
Plecoptera, 1 Megaloptera, 13 Diptera, and 16 trichopteran species. The species numbers collected from
each site were almost similar to 30 species. The relative abundance of Ephemeroptera, Diptera,
Trichoptera and Plecoptera was 59%, 19%, 12% and 10%, respectively.

The primary dominant species was Paraleptophlebia chocorata (9.4%) followed by Chironominae sp. 2
(7.8%), Drunella cryptomeria (7.5%), Chironominae sp. 1 (7.4%), and Drunella triacantha (6.6%).
According to results, ephemeropteran species were major dominant taxa. The average values of dominant
index(DI) and diversity index(H") were 0.32 and 3.98, and the water quality of all sites was oligo-
saprobic.

For the similarity analysis, all sites were analyzed using Ward’ s minimum variance cluster method. The
results showed that Site 3, 4, and 8 were clustered as a similar group while Site 6, 7, and 9 were grouped
as another one. Furthermore, these two groups were unsimilar to Site 1, and 5.
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ecosystem)Z T o), B A, AAF, HAGH, 4 F AFS 2719 FH FFAHAE F
% &} Al ] Al (stream ecosystem) 2} 2 tH(Allan, 1995; Horne & Goldman, 1994; Hynes, 1970;
Minshall, 1988).

LA A B2 388 we} 7l 52E o] FojA | Eolgt: vl o odte] ejF e FHHE
=P MeNAY Bt o}, =} e} Bo] FtFoz AN&HoT 52y, B FEE
wal fosAe] Wale, =8 ot 4934 TS AdA HollA A&5Ho R W7 o Fof
ol ¢ 3% dejAlelrt. old 54L& st stHANAE stthe] A& 2 7 (river
continuum concept)’ © 2 ¥ 3 2]l th(Vannote et al., 1980). 8¢ttt s A& 2] 7E 2 33 9
&S mE 2F, “}‘%‘%’é. %71% ZH 5 874890 A& WislE HAF 2, 2% §7
g5 AEA 9A 4 %ﬂﬁ B -1—F4--‘= 71 o] tiAllan, 1995; Home & Goldman, 1994:
Vannote et al., 1980). °]E—]?‘} E} A4 ae] sd e 1980d ] A F(EE] Euoj|lA kgl Agow
A& A& AFA AFTL ALY 25 ‘35}]‘1} e 48 2 BAZE o] o] h(Allan,
1995).

313 A el Al (stream ecosystem)E Eo] E2& 7 £2 5 ujg 37 aqle] d&45H o= Mgy, 1
Fo) A 83l MAEE AR FHE 22 A= 553 A A Z(Allan, 1995 Home & Goldman,
1994, Hynes, 1970; Vannote, 1980) 4 2 A3 v A8 FAQE )z FAAET 4E 744

2 oAl Ak}, 2v A 2 Btz 74 H 3, AR e = F(algae) 9 o) 8 4] E(macrophyte), 424
1}1: A NP EHFFE, o F 2 FAF, 222 A grH 2okt T3] 2 A ER
tHEF T 2u) 2] A8 AMAY dPFFHFFE dEEONC] FMHZFLE olE0] LU E
o] FoSAH THAEE A9 A4 sHA | tHWard, 1992).

ol st o] SHHA B AL AR, 2u] 2 2 R 8] 29 7} Fe A (rophic leveD 7k A 2 §718 B
A2 dZAs5 o] 2o Al&(food chain) o] 23, o]So] wald AdA o o] Y(food web)S 3 A 3
o}t whebA SR A Y dFA ey TEAE BolAlEe] Lol FHE & 7] w &l HolA}
&2 stAAE A 715S FE5H7] f% T8 B4 AHEY B9 o} AN AL P S H
7tehe A #E 7t § 7] = gHok(Allan, 1995; Hynes, 1970; Rosenberg & Resh, 1993).

ol HolAIE S FAS = AE T FAHAIZFL AHAE TAAA MR AL FRITAEZ
Y gt ol Al e Az 2K A T 23 A0 R 7F g R H &S &7 o ol &)
A A 2] ALY e =N F 85 cHHynes, 1970; Ward, 1992: William & Feltmate, 1992). o] 5& %
g SR A 2] GF FA QA3 M A Ao upel Hgtao] geFata, FHAEA O e T
A g3l Fol BoeBE FHAH g dF Bt oje, A RFOE o] §He F §8H8UET
o= F& A 87} ¥ thBoon, 1988; Dudgeon, 1994, 1995; Minshall, 1988; Reice & Wolemberg, 1993;
Rosenberg & Resh, 1993),

E FAZFS FTAHA L g 9 o] A (food resources) S o] 8317 wfj o] o] 2] o] §
el W& 42 7] 5 (functional feeding group) 2] £ 5/ 7} #| A] ¥ o] o] &5 ¥ 2] th(Cummins & Klug,
1979; Merritt & Cummins, 1984, 1996a). 3t & | £24] o] 7o) 2|5l sl 2] 5L ue} slH5= 2z
FE A7 3 24 2 AA HY, 1] 29 5 A4FHQ FF7e] Wl nElME 2
Z4) o] kA = 2(Allan, 1995; Home & Goldman, 1994; Palmer et al., 1993; Quinn & Hickey, 1990;
Vannote, 1980) o] o] o & &4 o] 5 5 o] gt

Sy oM e FFAAAL] FHZFZH Sl FFUY EFRZA AT £/, 2L 2
Ay dre vy dA A FE Ao H2of oj28 @alA A EH T ATHE 1984). 1960
dojold fElvate] stH & izt mAIste] FFo R o3t eHA AP A o EUL,
AE AAA7L ol AEEHAG 58] Q79 24 JAFLE HAl fvgtdes A9 Aol
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2919 4 Bx) ¢ dHe] AL vt = Fo] elyrh A S0 w2 3 AY Ef A)
o] FEFE 2 3tHel MAste YEZHNE A3 2L 714 to, 22 oo} sHAY e
Aol Jeigtd 7l e = 3A AREHYHeg, ¥l T, 1996 & &, 1992a, 1992b, 1992¢, 1993).

o FHTEE SV AE719 d7HE ol F & e yaw o] F7ke) §]A]3H 2 &2 1,500m
ol el e tFe A Fe Lo o|FojF g AAAR 19759 2€ 1Y Syt A
1A SPFAe2 (YA o] AL PF TN ZUE 254, 43 - 332 A&
I, WH L oF 298.5km™e @&, o] AR I Yo| AF - 2 LET UE F Ao st
2t AejAle] Bdo] Hojd Aot FFQ B2 G L 1,563mS FHOE F4Y, 5HE,
U8, FHAAE FAHLE e LA o R v E, 2SR AT, YA F AZE FEL
2 3le 23 AFE FEHAA & o SA G A F7A] B A Gof i3} RAIE FE L AF
e ARG AFTF AT TS FTHLE AR A Ho HFHo] $tHH, 1971

et B 2AHE o4t dde] At Qe Al AL Ao A F7HA] FHHQ gAY
UG 2ot AF F T8 5] SAMAIHE FHEH T FASIA D A Yol MAdles BF+S
sl FHEZF 2 HEES o8, 2) AR, dYEASF T 2HAAFE ol gdlo
MEF 28 FZE AT 2O FHFTAAG Y v G AEY HR S WYL B
EolE 7|22 AeA EAH e st A 7|2 E vA3 23} Fi.
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1. ZAPZ|ZH 2 K|

—

2 ZAAG L ST Y MEAIE AU E HAET o] AF - SFHT Slo] A AL
A7t 2 BAso] e ROz 537 FAo £l A HGolr}. AwAo] o] duje F2 FA=Z
o]l F4low ZAE &gt
o] ZALE 1997 6Y 29U - E 794U AA Ao, ZAAF L 498, FREAA
Wste] goje ddE v AA FANA 5/ NFASA )Y v 28, TH B LY}
o e e AU ALHLR FHRE= FANA 7] AH69AH)E AA sl TAE A
7t ZAA F o] A 9} St A AR L oS3 2 olFig. D
12379 A W F72e AYd 2579 4FAHelt HZL 6-10m, FZ 2 2-
3m, F4 & 0.1-0.2m, §42 54-100am/sec, & 13Co|t}. 842 pebbled} cobbleo]
F& o] F I3 7)o ¢F7he] gravelo] 4o Qlrt.

2AH A9 FAZ UWE g2 252 ASAH 479 2AFS AFolg sHZL 10-
12m, &2 5-6m, 54 & 0.1-0.3m, # % & 30-75m/sec, &2 13°Co| t}. 342 pebble
#} cabbleo] & o] &3 o 7] o)) 2F7te] gravele] 4o Ut}

3AH AL FHZ HE Wole g9 2202 AE 250 AFAHo|th FHE L 13-
15m, $% & 7-9m, ¥4 0.2-0.4m, 4 & 55-110an/sec, F+& & 13Co|}. 344
cobbleo] & o] 3 & 7] o] ¢kzke] pebble} gravelo] 41 gl

4A4 AL FAZ Y 349 448 F AFolt dHEL 57m, L 3-4m, F4HS

0.2-0.3m, 42 60-130em/sec, 22 13°Co|c}. 342 cobbleo] F+8 o] £ 31 of 7] o] ¢}
7+2] pebbleo] 41¢ g1t}
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Fig. 1. Sampling sites in the northwestern slope area of Mt. Odae.
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15-19m, 441 & 0.2-0.4m, §2£ 45-70cm/sec, F2-2 15°Co|t}. 3H4¢-2 cobbleo] F& ©]
23 o 7)ol 2F7+2| pebble} gravelo] 4o gt}

AYE FHZ U F989] ALH E53F AR FFAH U F L 810m,
2Z 0 3 4m FAL 0.1-0.2m, F 32 6090em/sec, L 14°Co|t} 5H4H2 cobbleo] F
2 o] R 2 o 7)ol 2F7}¢] boulderg} pebbleo] 43 e 9]t}

29 FAZ HH FLe o] AFHA B2 EF AFEAN, A E L 8-10m, £ 2 3-4m,
F4& 0.1-0.2m, f4-2 55-100cm/sec, 22 14To|t}. 31442 cobbleo] F& o] £ o
71l kzke] pebblee] 4 it

AYE FAHZ WY Fd Adae] ARAH S5EF5 AR AFAHC AL L
15-18m, %2 10-12m, F4 2 0.3-1.0m, F%-2 5590em/sec, T 14Co|t}. 84L&
cobble} pebbleo] & o] &1 & 7]o) k719 gravelo] 4o Ut} 2 A Ho g
FA AFE B FA FAREE l$ do ZAMA o] 2o Bt

AU FAZ WA F98 552 ANA EF 2S5 A/l A FL 18-22m, +F
£ 15-18m, F41 2 0.3-0.4m, 22 70-90cm/sec, - 15°Co| t}. 34+ cobbleo] FE
o] F31 o 7] o] 2F7+2] pebbleo] 41 < 9t}
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2. ZZAPEY

FAEFY AP AFE A Za A 22 Surber net(30 X 30cm) S o] £3ed 2} = AR Aol A 23]
HAFHAL AL, &S A4 TF 4L 595 7] 98t Hand ScoupE o] &3t zH 2] H o)) A
vl A Ao met £ A3 FANHLE HASAG. YD FHAZF L @A A Kahle's
solutione]] A3} 2, AF A2 2ualo] sortingdt F 80% ethanolel] ¥ =&}k

Zt FHFE T FH2FY A5 McCafferty(1981), Kawai(1985), Merritt & Cummins(1984, 1996),
#(1988, 1995) 5 & #3112 3o FAHINGALH, 25 F F Chironomidae?] A $ =
Wiederholm(1983)& °]| §-3te] |28, 53] A%, A4, Mouth part 3 &, Abdominal tuble2] 5,
2uel e 5o 5H L 2B st YZ ol FFEAAN FAHINAHE 5,1994). 28FF, &9
MAT 2 ZHAF T2 EXHN= AFAIE A8E ol &34

3. 2HTEEY

29 $He AFAYE ABDE 0§02 oldl] FHo| o5l 42 W ATE oS3

7t A=A
Zt ZALAH S €@ MAFAM AMS-FFH AN25-HF L AP0, $H=ASFE
McNaughton’ s dominant index(DD & ©] £38}¢] 4+& 3} & tHMcNaughton, 1970)
DI =(nl+n2)/N
E+-n1,n2:2ﬂ1,2ﬂ2—?—%’é%
+N:FAAFEE

R
Margalef(1958)¢] & B o] 0| ¢]&}e] § =¥ Shannon-Weaver function(H' )2 Lloyd & Gheraldi7}
HEF T2 E o] &8 3 tHPielou, 1966, 1975).
H = - Z{(ni/N) - log.(ni/N)}
[+-m‘:i%94 7N ] &
+N: F7HA

4. X|HZ FAHS

23] 24 (Cluster Analysis)& ©] 3tk AT R0l FAH LR Aste] Fhol Yehte B
22 golg & PHAYLZ FHste e yelgty B F oy, T FA £3t= A
E72 € o]H FH7 UHF AL e], 283 & ZHe &35l A Alelele Adl A v AdAL
dol EAFTgE A S AHo 2 I ¢ -, 1989).

o] ¥4o] Alg)ef A AT BE WFEC H 0, EFHAA 1°] § == ¥ F3Hstandardization)
ANZOeZH BE HFEo] o]H Eolgte] g3S X ¥ £ZL2 FRAEE 7IAEE 3deH,
et o A 71A @l 20|32 91+ Ward' s Minimum Variance Cluster Analysis®f] 2] 3} %1 t}.
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A% 9 1%

o

Mo

oA Bab Ad) A 2] 97 R HeIAM 19979 68 29U FE 7Y 4U7A 2] FALAM 2E T
FHEE F EREFL 65 243 T1F o2 Yo, FFAH e F 45 65T &
& 3} ¢ tH(Table 1).

Table 1. Species list of aquatic insects collected in the northern slope area of Mt. Odae, during 29th
June~4th July, 1997.

Species names Common name
Order Ephemeroptera B} F4bo| &
Family Baetidae 1o} 32 Abo] 7}
1. Baetiella tuberculata
2. Acentrella gnom
3. Acentrella sibirica
4. Baetis pseudothermicus
5. Baetis silvaticus
6. Baetis fuscatus
7. Labiobaetis atrebatinus orientalis
Family Heptageniidae g2 s Alo) 7}
8. Epeorus curvatulus 3 B3} 5} 3 Ato)
9. Epeorus pellucidus B3] 8} 5 4ko)
10. Iron aesculus Z= M 5] 517 Abo)
11. Iron maculatus 71 B3] 3} F Al o)
12. Rhithrogena na Atz 32 Ako] na
A% Gl Bl FH U 4e] KUa

14. Ecdyonurus dracon
15. Ecdyonurus kibunensis
16. Ecdyonurus baekovae *
17. Heptagenia kihada

Family Leptophlebiidae Zre) a5 4ol 3%

18. Paraleptophlebia chocorata Tz 3T 2ol
Family Ephemeridae st 4o] 3t

19. Ephemera separigata 7t=FH 3 54el
Family Ephemerellidae & etatF ol

20. Cincticostella tshernovae 9 8} 3 4o]

21. Drunella aculea B3t 4o

22. Drunella cryptomeria &5 3t F4ko]



23.
24
25.
26.
27.

29.
30.

31.
32,
39.
34.

35.

36.
37.

38.
39.

40.
41,

43.
44.
45.
46.
47.

F-28-F/ ABUBULAE BALRNE —% KRQ KERARE 149

Drunella lepnevae
Drunella triacantha
Ephemerella dentata

Ephemerella kozhoni
Serratella setigera
. Uracanthella rufa
Order Odonata
Family Gomphidae
Davidius lunatus®
Anisogomphus maacki*
Order Plecoptera
Family Nemouridae
Nemoura tau

Nemoura KUa
Amphinemura KUa
Protonemura KUa

Family Peltoperlidae
Yoraperla KUa

Family Perlodidae
Megarcys ochracea
Isoperla KUa

Family Perlidae
Paragnetina flavotincta
Kamimuria KUa

Family Chloroperlidae
Sweltsa nikkoensis
Sweltsa KUa

Order Megaloptera

Family Sialidae

. Sialis KUa*

Order Diptera
Family Tipulidae
Pedicia KUa
Hexatoma KUa
Hexatoma KUc
Antocha KUa
Dicranota KUa
Family Simuliidae

. Simulium sp. 1

Family Ceratopogonidae

#5812 4ol
A 337 4ol
DERE SN
853740l
2] 8} % Aol
FE a5 4ol

Fe %
R B CE]
A2y

who}] 28 @A

FENE

Q7=
EsuGxd
7} 2] KUa
F A 917 =g KUa
A 217 =8 KUa

Qs =2
Herts7t =) KUa

ag7=d
227z
7} = Kua

73 = o
FEefEol
Zh = 2} KUa

R R s
R AR |
=M 7} = 2 KUa

LEE
F0 A 3
FW2A2) Kla

5 8

e
4% 2boh3l Kua
273270 2tohAl Kua
274271 2ok Kuc
%257 Kua
¥ %2t KUa

o 52 3

ol =7
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49.

50.
51.
52
53
54.

55.

56.

57.
58.
59.

60.
61.
62.
63.
64.
65.

66.

67.

68

69.
70.

i @

Ceratopogoninae sp.

Family Chironomidae
Chironominae sp.1
Chironominae sp.2
Chironominae sp.3
Chironominae sp.4
Chironominae sp.5

Family Athericidae
Atherix KUa'

Order Trichoptera

Family Stenopsychidae
Stenopsyche griseipennis

Family Hydropsychidae
Hydropsyche KUd
Hydropsyche KUe
Macrostemurm radiatum

Family Rhyacophilidae
Rhyacophila retracta
Rhyacophila articulata
Rhyacophila clemens
Rhyacophila shikotsuensis
Rhyacophila nigrocephala
Rhyacophila KUa

Family Glossosomatidae
Glossosoma KUa

Family Limnephi lidae
Hydatophylax nigrovittatus

. Neophylax ussuriensis

Family Lepidostomatidae
Goerodes KUa
Goerodes KUb

Family Odontoceridae
Psilotreta kisoensis *

Zhoh 2
N&FoN =t
&5l KUa
gEHE
s 3
FEAH G
sdzf =}
Zdx Kud
Zg 7 KUe
2gc
L£FEEEY
FEEYEY
AN zEdx
PRYEd =)
e Ed=
Y2 Kua
Feage
Fed g KUa
-
Ry eEdre
7 EE =Y
Y2 d=a

H2g e Kua

¥ 23 g =2 Kub
vl g = 2l 3

vk g = 2

Collected species from qualitative sampling only

o] FolA dFAtolF 28F, B F 23, Z=AF 11F, WAAAF 1F, FAF 13F R €=

A5 16322 vyeboh ZAAAA ] FFAPANNE 2dHA AAD 7FEFENF 27, F
A2 7 2%, BRAALF 1F, 227 23] F7HEHASUF 2 AT AT AR 2R S #
o] =3 o M4 ste FEZ e tHFig. 2).
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Ephemeroptera

. Odae.

40%

Aej7t N2 FAE o
£ Yehjol ebzie] Aol

ahe} Aol e AW L Hojol
s 5 ol go] ety Mol by AU E poinrt ALK P FEA S A A Rate A

Abo) 771 27F(42%), S E 8 7 15F(23%), 33 F 12F (18%), 7

A ZAAFANS AR 40l Re] §UBE7E w0l shaeASl A

2 Zo2 Ho} o] A o] I VVAF

Table 2. Species frequency of major taxa at each site in the northwestern slope area of Mt. Odae.

e |1 2 3 4 5 6 7 | 8 9 | Toul
Ephemeroptera | 13 12 11 13 18 13 13 9 12 27
Plecoptera 8 6 5 8 4 5 3 1 1 11
Diptera 7 2 4 4 5 5 7 3 5 12
Tricoptera 5 5 3 9 7 4 4 15
Total 33 26 25 28 36 30 30 17 22 65
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Fig. 3. Species composition of major taxa at each site in the northwestern slope area of
Mt. Odae.

UG 2@MAFe HE

H 2AA ol 28 AT E LW SHF A7 7F59%, 2] 77 19%, SEHF7H12%, F =
F7H10%= Jep} shFdo] {7F A @A e vt o] Fe AR FHe A2 e S tHFig. 4.

zt ZAA HE @AM 2870 A6 R D)ol A 47470 A (1 A F)7HA] 2 wshe] Fo] Rt} 29
uoo] FAHE A e AHEL 200 A W2 2 FAE FE HATHTable 3,
Fig. 5). 8 A oA 22 MAFE B AL SHAF A 9 rlATIA 2 AR H o] AA o=
A5 AF FH22 FAFE v Ao A 7HEAE & w2t Ao HFE 2P L Folof
e T ool Bl EL2 AlRE . £8 7 DA YHAM £ dF Yo FIH 2 Hf{E
& Yy st A AP A AL Bole 84, A Fol Afeol wol FAFALS Wl
Mty don, Z ZAFAIY AFAZAM B Fo 2 AFES Bole A 9 4358 3
AL A o 2FA LS e 3ok

Table 3. Individual number of major taxa at each site in the northwestern slope area of Mt. Odae.

B ey 1 2 3 4 5 6 7 8 9 | Toul
Ephemeroptera | 356 96 76 90 103 138 120 15 152 | 790
Plecoptera 74 33 21 25 6 11 30 1 2 129
Diptera 23 5 5 51 2 | 41 65 4 67 | 260
Tricoptera 21 18 14 4 81 13 17 8 4 159
Total 474 152 116 170 212 203 232 28 225 1338
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Fig. 4. Individual occurrence composition of major taxa in the northwestern slope area of

Mt. Odae.
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Fig. 5. Individual occurrence composition of major taxa at each site in the northwestern

slope area of Mt. Odae.

T EHY EFE FEINN $HFTS AHRY, ASHFL 8 F 40§ Panleptophlebia

chocorata® W £ & $H L€ 9.4%2 Yel 2, A29-HFL 23+ F ] Chironominae sp.22 7.8%
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g A39HE L &2 40|F 9 Drunella cryptomeriaZ 7.5%%, A4$HF L 2+ 79
Chironominae sp.12. 2 7.4%%, 283 A58 F & 8F4to]l 72| Dmunella tiacantha® 6.6%E A}
Aste Aoz eyt AMH o2 10% £ v XA £3te ARERE e 32 38 &8 14l
2, 29759 $Ag0] B4 deid AL A/ AVARYE 2L | T o2
Aoz gadr.

7t ZAAH o $AEL A ZAA A SF A0 {7t FE o] FE AL E YESTHTable 4.
o] YA WP 2L AT AL FHFA] YutA QA FAo R E Uk FHTAA
AN ZYgTFL AISAEFCR JeElG AL F FHY oo A 890 A REF AL
2 dddr

S AT FE A ZARHAA 050182 Yetd F 749 #9493 GFd S AeHse
22 590n AAYL HF3 SAEASFE 0322 ey st Al FAgEel &
oFA) 8L L TH(Fig. 6).

=2
o
=]

o
=

Table 4. Variation of dominant species and dominat index at each site in the northwestern slope
area of Mt. Odae.

Area Site Dominent species DI Mean
1 1st Iron maculatus 10.46
2nd Iron aesculus
2 1st Paraleptophlebia chocorata 035
2nd Drunella triacantha
. 1st Paraleptophlebia chocorata
M e-ri 3 0.34
e 2nd Iron maculatus 0.35
4 1st Paraleptophlebia chocorata 0.38

2nd Chironominae sp.2
5 1st Goerodes KUb @33 s
2nd | Paraleptophlebia chocorata ' =

1st Drunella cryptomeria

§ I ond 1| Pansieptophicbis oo 030
1st Chironominae sp.1
. ¢ 2nd Baetis fuscatus, Iron aesculus, 0.18
Kwangwon-ri Chironominae sp.1 0.25
8 1st Epeorus pellucidus, Drunella 0.21

2nd cryptomeria, Hydropsyche KUd

9 1st Epeorus cuvatulus 375
2nd | Drunella cryptomeria '

3. CIUT K|

7} ZALA A o] A FE 3.657F AR dehdy A AR Y] B3 dFEAFE 3982
debgon, gz ddolME F7 2R 5713922, 398 ddolA € 4052 dERh £
P ODUEAFE 58 LFAEARL B A A H o] Oligo-saprobic(FFE A 5 3.0 o] 4hHg AL



F -2 -F/ ABUBIARE @ILRE —% KR KEEIHE 155
EUEG AFAA 3PS ALAFY A4S B o] g A} R REHT YL T F
2l ti(Table 5, Fig. 6).
Table 5. Variation of diversity index at each site in the northwestern slope area of Mt. Odae.
Area Site Diversity index Mean diversity index
1 3.65
Myanggae-i 3 393 (Oligo-saprobic)
4 3.90
5 4.25 3.98
6 4.05 (Oligo-saprobic)
Ktk 7 4.43 4.05
8 3.94 (Oligo-saprobic)
9 3.77
5 e —_— = s 105
°. 0.45
4 0.4
o T - ‘ 0.35
LN
3 — ——— e —— e 1
|—s—H
H' |--®--DI| { 0.25 DI
e
2 - - e T e —1 0.2
(3 -
0.15
1 e — - _ —{ 0.1
0.05
0 0
1 2 3 4 5 6 7 8 9
Sites

Fig. 6. Variation of community index at each site in the northwestemn slope area of Mt. Odae.
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ZALA A 9] a5 s Fete A ol B FAMI S Bol 7 A Q(g A2 e B BF
o dFete AHEL ol 53 A ¥ FARE LR Ve RS & F A tHTable 6, Fig. 7).

Table 6. Ward' s minimum variance cluster analysis for nine survey sites.

Number Frequency
of of New Semipartial
Clusters  —Clusters Joined- Cluster R-Squared R-Squared Tie

8 OB3 OB8 2 0.046810 0.953190
7 OB6 oB9 7 0.079793 0.873397
6 CL8 OB4 3 0.094524  0.778873
5 CL7 oB7 3 0.099839 0.679035
4 OB2 CL6 4 0.127173  0.551862
3 CL4 CL5 7 0.155807 0.396055
2 CL3 OB5 8 0.188381 0.207674
1 OB1 CL2 9 0.207674 0.000000

S 0.25+

e

m

i

- 0.2+

P

a

£

t 0.15 +

i

a

1

0.1+

R

S

qg 0.05+

u

a

r

e 0 4

. ;

Sites

Fig. 7. Dendrogram of nine survey sites by Ward's minimum variance cluster analysis



F -8 -F/ ABUBILE HLHE —® KRS KERINE 157

g 9 29

1997'd 649 29U 7 H 794U o] A oofAt FPFT Y] BMALAE Ao A 97 2 HL M A s
THEZF g 2ALE A A3E gL 2o

€ EZAIZ F 2R FMEZFY FERES 262 243 71F 202 Yt on], FFa) o) o
M e F 45 65F0] 25U o] FoA R0l F 28F, FAF 2%, A=Y 115, W
227 1%, #28F 133 2 947 16522 Jetgch zF 2A A oA 30F W99 §AMe =

BFTE EU, 28MAFE 720 F77t 5%, e {F7F 19%, =77 12%, 2= 27}
10%2 Vet stF Aol {F7 22 A2 S vah

AA EH2oA $HFLS 49w, A1LHEL 5184059 Paraleptophlebia chocorata® ¥}
8 SAEE 94%= Ve , A29HEL AT Re Chkononﬁnae Sp.22 7.8%E, A|3LH =
3} F4te| 79| Drunella cryptomeria® 7. ’5%E A49-HFE 2+ 72| Chironominae sp.12. 2
7.4%E, 18] AHS5FHZFL 3F 4059 Drunella mamnrhai 6.6%2 A sl Aoz UElyto
B, Zt AR HA M e dFL) {7 38 $PFoZ JEYY 8 BF SHEA 59 g
A 74z} 0.3291 3.982 YERE o H, A 3] 4 o] Oligo-saprobicd 2 0 & #ers| gl

Zt AL A FAHd & Ward' s minimum variance cluster analysisS o] 8 3}o] 2248 A7
HHEE AANHL= 3, 4,82 26,7, 92 o] 7t FAIZ L 2 YEIET, 1, 5K Ho] o]E2 B
H 433 dufAZo 2 BFHAH

r\o

gogd

Allan, J. D., 1995. Stream Ecology. Structure and function of running waters. Chapman & Hall, London.

Beisser, M. C., S. Testa, I, and N. G. Aumen, 1991. Macroinvertebrate trophic composition and
processing of four leaf species in a Mississippi stream. J. Freshwat. Ecol. 6:23-33.

Benke, A. C., F. R. Hauer, and D. L. Stites, 1992. Growth of snag-dwelling mayflies in a blackwater river:
the influence of temperature and food. Arch. Hydrobiol. 125(1): 63-81.

Boon, P. J., 1988. The impact of river regulation on invertebrate communities in the UK. Regulated
Rivers: Research and Management. 2: 389-409.

Cummins, K. W., 1964. Factors limiting the microdistribution of larvae of the caddisflies Pycnopsyche
lepida (Hagen) and Pycnosyche gutiffer (Walker) in a Michigan stream. Ecol. monogr. 34:271-
295.

Cummins, K. W., 1974. Structure and function of stream ecosystem. BioScience. 24:631-641.

Cummins, K. W., 1988. Rapid bioassessment using functional analysis of running water invertebrates,
pp-49-54. In T. D. Simon, L. L. Holst, and L. J. Shepard(eds.). Proceedings of the First National
Workshop on Biological Criteria. EPA-905/9-891003. US Environmental Agency, Cicago. 129pp.

Davies, S. P., 1996. 1995 NABS Secretory report. Bull. N. Am. Benthol. Soc., 13:324-326.

Dudgeon, D., 1994. Functional assessment of the effects of increased sediments loads resulting from
riparian-zone modification of a Hong Kong stream. Verh. Intemat. Verein. Limnol. 25: 1790-
1792.

Dudgeon, D., 1995. Environmental impacts of increased sediment loads caused by channelization: A case



158 BRESKRZRE HERRESE F 38 #

study of biomonitoring in a small river in Hong Kong. Asian J. Environmental Management. 3(1):
69-77.

Giberson, D. J. and D. M. Rosenberg, 1992. Effects of temperature, food quantity, and nymphal rearing
density on life-history traits of a northern population of Hexagenia (Ephemeroptera:
Ephemeridae). J. N. Am. Benthol. Soc. 11(2): 181-193.

Hart D. D., 1992. Community organization in streams: the importance of species interactions, physical
factors and chance. Oecologia. 91: 220-228.

Hawkins, C. P., 1990. Relationships between habitat dynamics, food availability and growth pattems of
Ephemerellid mayflies from western North America. p. 35-42 In: L. C. Campbell (Eds.). Mayflies
and Stoneflies. Kluwer Academic Publ. Netherlands.

Homne, A. J. and C. R. Goldman, 1994. Limnology. McGraw-Hill, Inc. 576pp.

Hynes, H. B. N., 1970. The ecology of running waters. Liverpool Univ. Press, Liverpool, U. K.

Kawai, T., 1985. An illustrated book of aquatic insects of Japan. i A B R

Lamberti, G. A. and V. H. Resh, 1985. Distribution of benthic algae and macroinvertebrates along a
thermal stream gradient. Hydrobiologia. 128: 13-21.

Lauff, G. H. and K. W. Cummins, 1964. A model stream for studies in lotic ecology. Ecology. 45:188-190.

McCafferty, W. P, 1981. Aquatic entomology. Jones and Bartlett, Boston. pp. 448.

Mclntire, 1983. A conceptual framework for process studies in lotic ecosystems, pp.43-67. In T. D.
Tontaine, I . and S. M. Bantell(eds.). Dynamics of lotic ecosystems. Ann Arbor Sci. Pub. 494p.

McNaughton, S. J. & L. L. Wolf, 1970. Dominance and the niche in ecological systems. Science. 167:131-
139.

Merritt, R. W. & K. W. Cummins, 1984. An introduction to the aquatic insects of North America. 2nd. Ed.
Kendall/Hunt Publ. Co., Dubuque, Iowa.

Merritt, R. W., K. W. Cummins and T. M. Burton, 1984. The role of aquatic insects in the processing and
cycling of nutrients, pp.134-163. In V. H. Resh & D. M. Rosenberg (eds.). The ecology of
aquatic insects. Praeger Publ., New York. 638pp.

Merritt, R. W. and K. W. Cummins, 1996a. An Introduction to the Aquatic Insects of North America. 3rd.
ed. Kendall/Hunt Publ. Co.

Meritt, R. W. and K. W. Cummins, 1996b. Trophic relation of macroinvertebrates. In F.R. Hauer, and G.
A. Lamberti (eds.). Methods in stream ecology. Academic Press, Orlando, FLA (in press)

Minshall, G. W., 1988. Stream ecosystem theory: a global perspective. ]. N. Benthol. Soc. 7(4):263-288.

Palmer, C., J. O. O’ Keeffe, A. Palmer, T. Dunne and S. Radloff, 1993. Macroinvertebrate functional
feeding groups in the middle and lower reaches of the Buffalo River, eatemn Cape, South Africa.

[ . Dietary variability. Freshwater Ecology. 29: 441-453. 1.3.

Persoone, G. and N. De Pawn, 1979. Systems of biological indicators for water quality assessment. In: O.
Ravera(Ed.). Biological aspects of freshwater pollution. Pergamon Press. pp. 39-75.

pielou, E. C., 1966. The measurement of diversity in different types of biologic collections. J. Theor. Biol.
13:131-144.

Pielou, E. C., 1975. Ecological Diversity. Wiley. New York. 165pp.

Quinn, J. M. R., B. Williamson, R. K. Smith and M. L. Vickers, 1992. Effects of riparian grazing and
channelization on streams in Southland, New Zealand. 2. Benthic invertebrates. New Zealand
Journal of Marine and Freshwater Research. 26:259-273.



F-2-F/ ABUBITAE ALRE —® KR KEERHK 159

Quinn, J. M. and C. W. Hickey, 1990. Characterisation and classification of bentic invertebrate
communities in 88 New Zealand rivers in relation to environmental factors. New Zealand Journal
of Marine and Freshwater Research. 24:387-409.

Reice, S. R., 1980. The role of substratum in benthic macroinvertebrate microdistribution and litter
decomposition in a woodland stream. Ecology. 61(3):580-590.

Reice, S. R. and M. Wohlemberg, 1993. Monitoring freshwater benthic macroinvertebrates and benthic
processes: measures for assessment of ecosystem health. p. 287-305 In: D. M. Rosenberg and V.
H. Resh (Eds.) Freshwater Biomonitoring and Benthic Macroinvertebrates. Cahpman & Hall,
New York.

Resh, V. H. & D. M. Rosenberg(Eds.), 1984. The ecology of aquatic insects. Praeger Publ., New York.

Rosenberg, D. M. and V. H. Resh, 1993. Freshwater biomonitoring and benthic macroinvertebrates.
Chapman and Hall, New York. 488pp.

SAS Guide for Personal Computers, Version 6 Edition.

Soluk, D. A., 1993. Multiple predator effects: predicing combined functionsal response of stream fish and
invertebrate predators. Ecoogy. 74(1): 219-225.

Vannote, R. L., G. W. Minshall, K. W. Cummins, ]. R. Sedell and C. E. Cushing, 1980. “The river
continumn concept” Can. J. Fish. Aquat. Sci. 37:130-137.

Ward, J. V., 1992. Aquatic insect ecology. John Wiley & Sons, New York.

Welton, J. S., C. A. Mill and J. R. Pygott.,, 1991. The effect of interaction between the stone loach
Noemacheilus barbatulus (L.) and Cottus gobio (L.) on prey and habitat selection. Hydrobiol.
220: 1-5.

Wetzel, R. G. and G. E. Likens, 1991. Limnological analysis. Saunders, Philadelphia.

Wiederholm, T., 1980. Chronomids as indicator of water quality in Swedish lakes. Acta Univ. Carolinae-
Biologica. 1978:275-283.

Wiederholm, T., 1983. Chironomidae of the Holarctic region Keys and diagnose. Part [ - Larvae. Ent.
Scand. Suppl. 19. 457pp.

Willams, D. D. and B. W. Feltmate, 1992. Aquatic Insects. C.A.B International. Wallingford, UK.

Wotton, R. S., 1988. Dissolved organic material and trophic dynamics. Biosciences 38:172-177.

Wortton, R. S., 1994. The biology of particulates in aquatic systems(2nd ed.). Lewis Publ., Boca Raton, FL.
325p.

719 - A4, 1989. SAS FH &4, ZH-f-o}7Hd] v]. 68pp.

WA - v - U - A E - v A, 199%. F5H FAF] AN dYFHFFE 2
ANF. FF5 53] A 29(4):251-261.

di A, 1992. FM 25 8o I AT EY - ST Lo AT E FHLR FFSFTI Ax
A& 4AF p.9-32.

A, 1996. =5 FM2F A7 @83 A 9687 &8 3] 4 A § Proceedings. p.63-71.

AYE - GE3 - o]FN - E7], 191, FEA LG tE FHZF AEF AT A+ -4
g THoR- M ETH A 9:42-54.

U - 3T - 258,192 557 A AMAY WFFHFFE 27 AFH £ S
&4 33] %], 25(3): 167-175.

U - FFF - o1 4H, 1992b. AXMY P FAFFE @ 57 FAH AEEH +2H
7}. = &4838] A]. 25(3): 177-183.



160 BESARZEE BERRHESE B 38 %

&9

94,
&9,

+U4,
+4H,

cHj A - o] AY - AEQ - o] A A, 1992¢c. ZAtH Y A W FHFFE F
A+ Al A ZALE FE A pp.137-168.

CEBEF - FAS, 1992d. AMA PR HFFE) 3 AEHH FAHYOD. FHEH
A &3 3] A). 10: 24-39.

CBESF - FAS, 19926 AMA ABRHFFE) g AESH FAFAD. FFEA
A 28} 3] &), 10: 40-55.

- ZEQ - o)A - FAF - A F, 1994 A4A Y AN B FASFFELY. ALA
A AV ) Al ZALA B A pp72-109.

SOl A - HPE 1989, BTG BRolA uaM AR d g FMEF FHTFE R AHG
A FH. K43 A, 22(4): 321-335.

cujdA] - o] HA . o] AFE 1993 L 23 FE5H {9 FAWS & FAHEZF 2F
o] A7 F. ¥ ETE A 11(2): 97-109.

-0l AR - FAF, 1995 WEjAF BALE I FAY FHZEF 2 dEtA. FFADRE
Y3 2ALE T E A 35 135-162.

1971, 237 2 2i4ke] £M2F. FIFADEEY S ZAIA TR ILA. 5 175-177.

1984. o] A N EHFFEND. A2 FFIZuAL szl d =4, p. 231-251.
1988. 2 F A 25 7F A30W. FEH(TFAHZEF). =5

1995. FMZE AN EA. FPAL M £

o

. A%A



F-2-F/ABUBIAE BLNE —% KR KESIBE 167

Appendix 1. Species and individual occurences of aquatic insects collected at each survey site in the
northwestern slope of Mt. Odae, during 29 June - 4 July, 1997.

Species name 1 2 3 4 5 6 7 8 9 Total
Baetiella tuberculata(Kazlauskas) 2 5 1 2 10
Acentrella gnom Kluge 1 3 4
Acentrella sibirica Kazlauskas 1 6 1 8
Baetis pseudothermicus Kluge 2 2
Baetis silvaticus Kluge 2 2
Baetis fuscatus ) 11 1 2 1 2 7 19 1 11 55
Labiobaetis atrebatinus orientalis 1 1
Epeorus curvatulus Matsumura 6 6 4 5 9 8 5 37 120
peorus pellucidus(Broadsky) 5 6 15 3 15 44
Iron aesculus (Imanishi) 74 9 15 11 4 5 19 1 138
Iron maculatus Braasch & Soldan 144 3 18 6 3 2 7 183
throgena na 1 18 6 25
Cinygmula KUa 1 1
Ecdyonurus dracon Kluge 1 1 1 6 9
Ecdyonurus kibunensis %marus}n 3 1 4 2 16 3 25 54
Heptagenia kihada Matsumura 1 1
Paraleptophlebia chocorata Imanishi 39 27 21 3 6 23 9 1 ‘4 165
E&femem separigata Bae 1 1
incticostella tshernovae(Bajkova) 1 1
Drunella aculea(Allen) 2 1 3
Drunella cryptomeri: Imanishj% 13 16 38 15 28 113
Drunella lepnevae(Tshemovae 8 5 11 4 6 34
Drunella triacantha(Tshemovae) 13 26 5 4 20 12 8 11 101
Ephemerella dentata Allen 1 1
hemerella kozhoni Yoon & Bae 1 1 4 11 7 24
.‘)‘gnzteﬂa setigera(Bajkova) 2 5 4 5 8 1 25
Uracanthella rufa(lmanishi) 1 12 1 7 21
Nemoura tau Zwick 7 6 1 14
Nemoura KUa 8 4 2 1 15
Amphinemura KUa 6 11 3 1 2 1 24
Protonemura KUa 1 1
Yoraperla KUa 1 1
Megarcys ochracea Klapalek 8 8 16
Isoperla KUa 1 1 1 11 14
Paragnetina flavotincta(McLachlan) 4 3 2 3 1 18
Kamimuria KUa 2 1 1 4
Sweltsa nikkoensis Okamoto 15 10 2 2 2 31
Sweltsa KUa 25 7 9 1 5 18 65
Pedicia KUa 1 1
Hexatoma KUa 1 1 1 4 7
Hexatoma KUc 2 1 1 1 5
Antocha KUa 1 1 2
Dicranota KUa 4 2 1 7
Simulium sp. 1 1 9 11
Ceratopogoninae sp. 4 2 0
Chironominae sp.1 52 2 19 11 17 22 1 25 104
Chironominae sp.2 7 3 1 29 8 21 19 2 21 111
Chironominae sp.3 1 8 10 19
ironominae sp.4 3 3
Chironominae sp.5 7 7
Stenopsyche %expenmls McLachlan 1 1
HHydrops‘yche d 7 1 3 3 1 15
psyche KUe 1 7 1 1 2 12
crostemum radiatun(McLachlan) 1 2 1 4
Rhyacophila retracta Martynov 1 1
Rhyacophila articulata Morton 11 2 8 1 1 23
Rhyacophila clemens Tsuda 1 1 2
e L 1 ;
cophila ni wata
Rhﬁcoghﬂa Ké;\:)cep 5 4 1 6 3 120
Glossosoma KUa 3 2 2 2 4 2 1 16
Hydatophylax nigrovittatus McLachlan 1 1
eophylax ussuriensis Martynov 5 5
Goerodes KUa 7 7
Goerodes KUb 1 7__ 3 2 49 1 4 1 1 69
Species Numbers 33 26 25 28 36 30 30 17 22 65
Individua Numbers 474 152 116 170 212 203 232 28 225 1338




