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ABSTRACT

Benthic macroinvertebrate communities and environments at the upper and lower sites of
levees in the middle reaches of Paenae stream, a tributary of the Naktong River, were
investigated in four seasons from August 1989 to May 1990. Current velocities were significantly
fast at the lower sites than the upper sites of levees. Substratum compositions were also different
between these two sites.

Abundances of major species of benthic macroinvertebrates occurring in four seasons were pri-
marily determined by temperature. In each location of levees, however, current velocities and
substratum particle sizes were important in determining species compositions and abundances. At
lower sites of levees the collected numbers of species and densities were generally higher than up-
per sites of levees. Biological indices were also high at the lower sites of levees,

Diversity, evenness and dominance indices were positively correlated with the quantity of the
middle-sized large pebbles(3~5cm in diameter) in stream bed.
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B, 1966; Wilhm, 1972; Hellawell, 1986). At o2 Be $HAE FlA HFRmAmNd A =
FOE D OTIRRHEERGpO) EEHME KAEFMENMWS BES AXde MY Fad 988 o
(Hunt, 1930; Odum, 1971; Merritt and Cummins, 1984).
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Fig. 1 Map of the sampling area in the middle

reaches of the Paenae stream, a tribu-
7&‘)3 tary of the Naktong river in Kyong Nam
province,

The black dots around levees indicate

Som sampling locations,
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B ety 23 2AME BESAA stz 47 5~7m Eolzl A e Fdsio
3~5m Aoz At &, £5 3 AW AN kB, kg Fo] AP F4E
el BEA 15m o X& 93t

EAEYE KA HEIY-S Surber2] AR & A FA UGS AHESA R, AHH Bl el &F
& B (McNaughton, 1967), %48 (Wilhm, 1972), #%& (Pielou, 1966), Trent Biotic Index
(Woodiwiss, 1978), Biotic Score{Chandler, 1970), Biological Monitoring Working Party
(Hellawell, 1986) A1 & % & ZA}8tA ),
AE zAMSH Waisle] ARI2 §ik, Ki&, K&, pH, DO, BOD, &E, ik, WRER el =
1 & =339t pHE 7|3 &% (HI 8314 membrane pH meter) 2.2, DO+ TH
=3 (HI 8043 Dissolved oxygen meter) &2 Ao A xAlstth. BODE #kig 5417 o]
Wol] AEdE ewtstel 202 3F27)0 5U7 BT Foll ZHIHAL(APHA e al, 1985),
BEE $3% ¥ =% (Shaban MFG Inc. DRT 100B)S.& XAl mES Hxd
Gessner®] izt & AHEstAa, 4 X golA REE AEREBRYS 24 w2t & E(large
cobble;>10cm), A& E(samll cobble; 10~5cm), & *&(large pebble: 5~3\cm), =3t 2
Z(small pebble; 3~1cm), 22 27 2 2 (gravel~sand;<lcm) %9 5 TF 2 FF3t
A A 838 @A Hl(visual estimation) 22 2k 1cm olsts A& o] 83l A
718 UE & oAl A 838 23t 0.25mm 0]3le] i Rills A9 flies
2 2Fe 2 (gravel: 1~0.5cm) 3 2ol (sand: 0.5cm ©|3}H) 2 FE3H T},

N

R U EE

MEEME
AZRE, ZRARAE B5 AstolA g o3ty migEREC 3 Zma#koiiE(three way

— ANOVA test)& &t A Table 17 24t} &, pH, DO, 8% %-& AlAE o] vt e
i, ZARRFelY % Tl Aole AL gle ALR JEhdth A G wet 2ol &
el 8952 BOD, K, & =(large cobble), 22 =(small cobble), &2 =2 (gravel)
ol B3] BODY A% Adx ¥ XHEMEAANME 2ol & vebd &, o= o5 9]
X BESHS Folo = PAE o) A 4, 5 WY FrEFo] A3 o2 (BOD7} 742} 2.3
ppm, 1.4 ppm) F 713 Ho] 3 fgle] old 7} Arm ¥ tH(Table 1).
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Elfo] E5o] mEHE m e Fao] F 5 ASE AASHATE HaF S LE ol A
£ 16.3cm /sec, TR = 42.3 cm /secol e=Hl (Fig. 2), 2AM] 7] @ 21 g o) u}& Ho)
7} AAM =¥ 2& 5¢cm /sec 0]3}, #E £L& 100cm /sec oA XE BAdrh BE 30 ¥ g
AR {42 AH Holrl M FH s 90d 3o 71wk g€ 7 =AUk 18
Y sl A= RARI A wet 2o]E BYn A Al AdA L2 A 7H wkoh(Fig.
2).
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Bl e, Lol s 1om o]3te] 22 zpzo] JUjH oz sH ©gta, E#fibisel A
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Table 1. F-values and their associated levels of significance for three-way ANOVA test on
physico-chemical variables observed in the middle reaches of the Paenae stream from
August 1989 to May 1990.

Sources of variation

Se! Lo? Le? Se Se Lo Se x Lo

Variables (n=4) (n==3) (n=2) x Lo x Le x Le x Le
Water temp. 456,795 1.797 0.025 2.808 0.078 0.000 0.000
pH 35.448** 1.443 0.032 2.006 0.032 0.032 0.032
DO 14.119™ 1.401 0.000 2.055 0.093 0.000 0.093
BOD 11.822* 7.068" 0.005 3.545* 0.182 0.828 0.218
Turbidity 17.172*= 2.210 0.017 1.185 0.016 0.008 0.018
Current velo. 9.116"* 5.185" 46,290 0.435 0.871 0.679 0.363
Large cobble 0.348 3.040* 10.186™ 0.366 0.359 2.292 0.182
Small cobble 0.943 3.061* 0.112 0.787 0.191 0.752 0.461
Large pebble 4.073* 0.583 0.089 0.869 0.505 0.435 1.288
Small pebble 1.266 1.382 0.146 0.710 1.153 1.113 0.689
Gravel & sand 1.796 4,098* 5.502* 0.714 0.340 2.979 0.718

*Significant level :0.05, *Significant level:0.01, =*Sjgnificant level:0.001,
'Season, ?Location, 3Levee

(“™/sec) Ll L2 L3
30t
20
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Fig. 2 Current velocities at the upper and lower sites of levees in the middle reaches of the Paenae
stream in different seasons. (A: Aug. '89, N: Nov, ’89, J; Jan, 90, M: Mar. '90. M"; May
90, A’; Aug. '90)
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Fig. 3 Occurrence(%) of substratum particles in the differgnt sizes at the upper and lower sites of
levees in the middle reaches of Paenae stream. (c:>10cm, ¢’:5~10cm, p:3~5cm, p’;1~3
cm, g£:0.5~1cm, s:<0.5¢cm)

= 10cm ojg9] & Eo] BUrHFig. 3). 53] 0.5cm ©]3te] =] -9 ko] W& THEbM
welle A9 fAded vls) W v go A EHmAME YeElY B5 EToIA 2fol& A
o} wa o] v go] Mutdog W RNe Aol Pl RE, WK E ¥wLA 7|7 & W
gl B Eoz AlREY. AREBEAHS 24 AVHE R 100%= &4tste] v 4
7} Fig. 49 Z2tvh g2 L39] 53 2k 3} 2 A 2& Al 2latas 370 A3 o] §36|7F #
Aded Bl e e ALFE 24 e, THEMmgAdE B2 2 ALrE 5
Al vhebb s, 2o A9 s Al A b FeE AFo] & vEbi T L.39] FEkiigel M
& Atzo] & ExRn v EA vERd AL L3 THit e F U7 B(pool zone) 7t & A ¥ o
N7l W& Aoz Atgdt (Fig. 3, 4)

FEMLILE
7h) MM

H5 et 35 Ao miER thie ozt AUTH RAPIZE Ftel ARAHA A |
¥ 86k + 16f&0°], THMRNAM = 104F 5 20f°] L3 Ev THtm] P =0 A
At Table 2). 57041 /m? o] ¥R Ao A NP BEL S B Asynarchus kua
(T56} & A &3tie ¥ vel 2 FAel B, REFEA LA, 5703 /m? o] s}5-2] e A7t
283 HS2 Orthocladius sp.4(D107)E A9fstae stF4dolHI dxR Bl 1E8F
Pseudocloeon sp.2(E20), Plectrocurmia sp.2(T 50) 2 Goerodes sp.1(T 64) 2} Helodes kua(C 67)
F2 R AN HF 1070A /m? o] s AHHJAE o]E2 ®WE il HE&3 EE
oldrt. T AFR-AHe Mt HiE 1070H /m? o)A 28 FEI Polypediium sp.2( D 90) <t
Brillia sp.1(D 99) %<& @WRERMe A77F 2L Fo] A&k wmEoIUH(Merritt and
Cummins, 1984), 718} #E2 5 & 5704 /m? o]3te] @& ®E= A=A, 7 %
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Fig. 4 Relative occurrence(%) of substratum particles in each size at the upper and lower sites of
levees in the middle reaches of Paenae stream when the observed volume was converted to
100% in each size.(c:>10cm, ¢’:5~10cm, p;3~5cm, p':1~3cm, g:0.5~1cm, 5:<0.5cm)

(1980b)-2 Surber A&& BN FL(50 x50cm) e} ZAHAES AT A3 ZAMAEE 33
—43) Awo] wrrold £ EEAL Fetatvlel FE 3k, 123 ol deld tio] 4 I #2
WEo] gt B

B zAl A= @ 2APG 9~153), AN H oS RERMES 523, THMEIRS 483) A7 42
golmg o]E BEE AR 7 st A e ik T A ol 2 -8-3h Y 71540l
wrhal Abg ¥ oh(Table 2).

Lot FEMmol A BEHoR 28T 68HE S A5E A wEAA zpol & B =, t
By S-S Fiko] ME Tl A o Bol 2AstAch 2y Mol we} kol =9
Mol A U o mERZ 2P AeE ARed HEHSE Ephemera strigata, Caenis
kua 2 Neoephemera kua©] ATh. ©1 5 k3t itk o wele} go] e MRl HET
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Table 2. Species compositions at the upper and lower sites of levees in the middle reaches of the
Paenae stream, ¥

Sites Total number Total number Species
of species of individuals exclusively occurred
PA2, Th4, The*, C72, C73, C75, D90, D91,
Upper 86 5,938 D93, D94*, D96, D99* 0117, 0O118% A0123%
Aol?24,
El14*, E17*, E20*, E21*, E26* T50*, T55, Tél,
Lower 104 6,893 T62, T63, Te4*™, Te6, C67*, D79, D98, D103,

D105, D107*, D111, D112,

*Species collected more than 5 individuals per m?,
**Species collected more than 10 individuals per m?.
# Abbrebiations listed in the table are: E; Ephemeroptera, P Plecoptera, T: Trichoptera, C. Coleoptera,
D: Diptera, M; Megaloptera, O: Odonata, Ao; Qligochaeta. Numbers following the symbols indicate the
sequence number for species in the Table 2 in the preceding article(Oh and Chon, 1991).

# | % (sprawlers) ¥ #Ei% %4 (burrowers) ©] %) tH(Merritt and Cummins, 1984).
) EL5E S BEE

Zt zAA G5 Add wE) i Fols ARt BE FRAANM = AA) REREANA
AA AN G& B Lepidosioma sp.1°0] A 1 1# L] vHA, 34 Z]"d‘)ﬂ"i o § 4 Follvt o
fiol A 1ELFEOIUL 7FEH Agoe 4 sFAo|He Heplagenia hihada®t 2] H
Diamesa sp.1°] A 1% S5Eo] 5 AHTable 3). AEol & Al 1 LS A3FFo A Lepidostoma
sp.lo2 gdov, A2 L5 A AEXD DA M= Heptagenia kihada?) ¥HA, 315X
o AA A= Kiotina sp.10]1dc} 7]-2dle A5AS Mo A 1L Lepidostoma sp.1,
A2 LES ZF=d) 82 Neoperla guadrata?ldl whall, st HA A= Heptagenia kihada
7b A1 ELEES R JEVGIL, Lepidostoma sp. 1ol A2 Lol AAHeoz sl Ho
Diamesa sp.1°] A 1ELHELZ VEIG ASolE AR XA Al 1, 2MELES Lepidostoma sp. |,
Diamesa sp.101 =4, 3} X Aol M= Diamesa sp.1°] A 118 E#E, Rheocricatopus sp.1°0] A| 2
BEEL R Vel Bolv AsliR oA 25 Lepidostoma sp.10] A 1 # L8, Heplagenia
kihada7} A 21 i FE o] T (Table 3).

B E A AATHRAIE B o A e &5 45FolA 0.392 349 0.6821F W%
o, 7Ie} Al = FA oY Aol A7) ozt EUvh A2 Lepidosioma sp.1°] % b
MY e dudoz $38o] Fol Hi 0.55°101, tE EEo] #LEY B He 0.33
o= wslth e A Fhol W £5 FalA] Wolrt & 28 AKAcH Table 3). L1
A1 | M= Heptagenia kihada7} A 19-HF Q0 Bol %—‘? Ao LHE7 ko, L2 A HA
= Lepidostoma sp.10] 2-8Fo|gd 71 &7 A& AFAFAA A4 EUc) L3 AHE A&
= Bol A Eokt) olep o] AlEY, XHY £z o] oyl YEIY A& BE HEE A
&2 TS Hol B njAM A nAls 7PAAR #7E A Soll oM FELEEE 9
AFH HBFE #olg B AL R Algs Y, Xt A A7t HsEoejof & o R A7t
Hr}

—_
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Table 3. Dominant species and indices(DI) at the upper and lower sites of levees in the middle
reaches of the Paenae stream.*

August 1989,

Sites 1st dominant species 2nd dominant species D1
Llu Lepidostoma sp.1 Ecdvonurus kua 0.44
L1l Kiotina sp. 1 Heptagenia kihada 0.46
L2u Lepidostoma sp.1 Ecdvonurus kua 0.69
L21 Lepidostoma sp.1 Heptagenia kihada 0.58
L3u Lepidostoma sp.1 Kiotina sp.1 0.36
L.31 Lepidostoma sp.1 Heptagenia kihada 0.74
Overall u Lepidostoma sp.1 Heptagenia kihada 0.39
Overall | Lepidostoma sp.1 Kiotina sp.1 0.68
Total Lepidistoma sp.1 Heptagenia kihada 0.68
November 1989,
Liu Ecdyonurus kua Caenis kua 0.32
L1l Heptagenia kihada Lepidostoma sp.1 0.48
L2u Lepidostoma sp.1 Ecdyonurus yoshidae 0.61
L.21 Lepidostoma sp.1 Heptagenia kihada 0.24
L3u Lepidostoma sp.1 Neoperla quadrata 0.48
L.31 Heptagenia kihada Capnia kua 0.28
Overall u Lepidostoma sp.1 Neoperla quadrata 0.40
Overall | Heptagenia kihada Lepidostoma sp.1 0.40
Total Lepidostoma sp.1 Heptagenia kihada 0.46
January 1990.
Liu Paraleptophlenia chocorata Ecdyonurus kua 0.25
L1l Capnia kua Rheocricatopus sp.1 0.27
L2u Lepidostoma sp.1 Rheocricatopus sp.1 0.71
L21 Lepridostoma sp.1 Rheocrocatopus sp.1 0.55
L.3u Diamesa sp.1 Lepidostoma sp.1 0.48
L.31 Diamesa sp.1 Heptagenia kihada 0.31
Overall u Lepidostoma sp.1 Diamesa sp.1 0.35
Overall | Diamesa sp. 1 Rheocricatopus sp.1 0.26
Total Diamesa sp.1 Lepidostoma sp.1 0.33
May 1990.
Llu Heptagenia kihada Lepidostoma sp.1 0.51
L1l Heptagenia kihada Drunella cryptomeria 0.39
L2u Lepidostoma sp.1 Neoephemera kua 0.74
L.21 Lepidostoma sp.1 Orthocladius sp.1 0.77
L3u Lepidostoma sp.1 Heptagenia kihada 0.44
L.31 Lepidostoma sp.1 Heptagenia kihada 0.46
Overall u Lepidostoma sp.1 Heptagenia kihada 0.54
Overall 1 Lepidostoma sp.1 Heptagenia kihada 0.57
Total Lepidostoma sp.1 Heptagenia kihada 0.55

*u: upper sites,

1: lower sites.
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@ol ¥ FFEHolHY A9 EE SHAFAM 7Hgo] BEV =Rt FAE ek
i R Ho M= Age] BREHIT HAdsT oj o] Al7Id HY %o {71E FHo| wol
collectors 9} shreddersol]l 43} Mgl $o| 2HNU7] W&olaln ALEE ) ifidol wE 3ol
53 A HS A Z Tkl A =4 vebxtn, At Ao ARE &9 A7 7}
A wol Yeht &= 85 Aol H 2 f-AFs] o) 3+ predators( 4] 2}H) 3] 4= e B o] s-F 4o H S 9
o2 Wol| gE&E AL HHAHoR AL G B o Fol stolA, A gl gl
A w4 s, dRode ALl &R Hol vz & e YL ¥R
o} st e Bop gol AFEz 7el AR = A A A=A Al B o
& AUk ggol] 29 mECIUed Fikel AFLE 9 EElA Zdxrt Ut 53]
2oy 75t ol Polypedilum sp.2, Diamesa sp.1, Orthocladius sp.1, Rheocricatopus sp.1 o] JF 3
o2 2ds9cH(Fig. 5)..

BE LTl 7]5 2 (functional group) ¢} ¥ ¥ 42 Fig. 63 2tl A& S & sherdders
E AYsta RN TAFES AR o2 FAh s 2ol M mErE ket
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1000t
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Fig. 5 Densities of major invertebrate groups collected at the upper and lower sites of levees in the
middle reaches of the Paenae stream in different seasons, (A; Aug, '89, N: Nov, '89, J: Jan,
90, M ; May '90)
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Fig. 6 Densities of functional groups collected at the upper and lower sites of levees in the middle
reaches of the Paenae stream in different seasons. (C: collector, Sc; scraper, Sh; shredder,
P predator)

scrapers$} predators 7 &3 2o} ARoIA of ol EHsYch Shredderse 3k 4 2|
Hhgo] A F ol x| Fgtewl, ol E 7hed ALl WFHor 2L **-‘?—oﬂ Me A A
Aol 2P o AL Adstus wEsE Rtk Merritt and Cummins(1984) el )34 i
ol wal FoAlx HlwA collectors® scraperse| EEZF w1, wWE 3tols ddHoR
shredders$} predators7t =& HBEZ 22X 0 g o), 2 ZAlol A& E#fttugol vls) 4
Ay oz figo] mE TEpiigol T collectors®} scrapers7t &2 BER Vel ole &
% At #AazQ @7 stololA o] okl shng ddd ol 3 lle] ofdrt A
Zrs, o8] 7k 8Bl BHE F JE vhsAe] AER AE AP Bedta Agdn
(Fig. 6).

2}) £HiEm

B dstro] ggo] 3k YEAFELS Table 40 v w Ao}, # #re HRAHAM AEE
A 9)aha FRAFEY Fvh Agels sFdolg selHe 54 el
THOZ 2] WEIATH(E £, 1991). SHES} HFEE &<
oA EA VEbR T, B L dHAH 0B w2 A5 AgdlE F A7 EATh

Gl oAM= HHEEE R

Jegol W o] Bolt M £ L B W} I, ko) = X ¥
#2E F 9o Azt

g7} wed (Moon, 1939: Odum, 1971), ¥ ZA}ME o)t A}
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Table 4. Comparsion of biological indices at the upper and lower sties of levees in the middle
reaches of the Paenae stream in different seasons.

Biological indices*

Months Sp H E TBI BS BMWP
Aug. 1989 Upper 23 3.68 0.81 10 98 10
Lower 29 3.61 0.74 13 98 10
Average** 39 2.78 0.53 13 99 10
Nov. 1989 Upper 47 3.91 0.70 14 99 10
Lower 68 4.69 0.77 15 99 10
Average 82 4.45 0.70 15 100 10
Jan, 1990 Upper 51 4.04 0.71 14 99 10
Lower 47 4.12 0.74 15 99 10
Average 69 4.13 0.68 15 100 10
May 1990 Upper 52 3.30 0.58 14 99 10
Lower 60 3.55 0.60 15 99 10
Average 79 3.64 0.58 15 100 10
Overall** 126 4.49 0.64 15 100 10

*Sp: No. of species, H: Shannon’s diversity index, E: Pielou’s evenness index, TBI: Trent biotic index,
BS: Biotic score, BMWP : Biological monitoring working party.
*The values for sp. are total number of species occured at the upper and lower sites of levees.

7HeetE 191 HR1 B ol o&) ko] Gt o] -] HE FUIS L
A Trent Biotic Index(TBI) X 219122l o gko] AR o2 Bokd o Eol& ko] =&
ARAGe] 1022, 13%] 3} ofzt vty Bl Aldels F A-oA Ao Huge v
EFed stFol A 2kt =4l 245 v} Biotic Score(BS) 2} Biological Monitoring Work-
ing Party(BMWP) A ¥ = £5 A3t A zo|7} gilen A9 HuH& vehhdn). TBI,
BS, BMWP7} 7 9] #lo]g HolA| gk widel £ H%E = Aldoly A4d mel Holg
et e HAs A 2AA 9 e 43-E wd 3l oH(Table 4).

B5 4ol HES Gl HEES SHESE Z2AEE 1 OE Addde alo)r A4 g
o, oFddle 27} 2.78, 0.532.2 JEbtEE (R 2, 1991), olEL BE AR ExE %
ALgE A # (Table 4) ER T Rdt}. F £3E FeiM BEERE 5A0E, BEET BA U
W AOE Hol FEtE ¥ AHoM HAH BE K-S o] FX EHV]) ELE AlgHc)
ole A5l 7HEog A FFo] Bty FalF-olA F7H9 Aol AW RIx BA}
Neglet AR &} 2(1991)0] WEANHAZM 5 Al He] da 2 HEOZNE L
EE Uet oL, o2 nRo] Hol BE A5RE pEEA YEAHE 423l FARHE
a#she Aol asitla AlH g},

EmBemol digt M| KN
7h) =¥ Mol st K%
100704 /m? o] M5 FANEI} & 128
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Table 5. Pearson correlation coefficients between environmental factors and the major species of
collected in the middle reaches of the Paenae stream,

Water Current Large Small Large Small Gravel
Species # Temp. Velocity Cobble Cobble Pebble Pebble & Sand
E 02 —0.474* —0.349* —0.049 —0.283 0.210 0.192 0.213
E 06 —0.336* 0.162 —0.306* 0.090 0.230 0.216 0.109
E12 —0.518* 0.018 0.102 —0.139 0.232 0.006 —0.092
E 22 —0.603* —0.148 —0.123 —0.363* 0.314* 0.174 0.180
E 32 —0.063 -0.573" 0.040 0.079 0.099 -0.024 —0.046
E 33 0.157 0.013 —0.482* 0.115 0.110 0.188 0.329
P 36 —0.521* —0.067 —0.273 —0.002 0.473™ 0.121 0.187
P 35 —0.220 0.013 —0.241 —0.318* —0.015 0.353* 0.338*
T 65 —0.217 0.167 —0.114 0.178 0.659* —0.199 —0.045
D97 —0.835* 0.048 —0.185 —0.197 0.219 0.349% 0.162
D 104 —0.694* 0.483" —0.255 0.157 0.384* 0.242 0.156
D 108 - 0.953* 0.255 ~0.238 —0.074 0.400* 0.320* 0.120

*Significant level: 0.05, *Significant level: 0.01

#Species names represented by the symbols are listed in the text.

43 ZAo Table 59 ¢dth diio #Eol 222 I3 AH g0H & ABAE
el =], o] F& ejuldal A A ks BEERC] AMFH oz Wol7t datA vebd
Aelx AXIATH RS} %, 1991). (Table 5)

F2 USoT KiE ¥ ARERAMHIT £ JAAAE JEEY, 35 Edyonurus kua
(E02), Caenis kua(E32) % g™ 29 FH#AE Jebd 1, Onthocladius sp.1(D104) = i
ET ol AFAAAE et AREES 2 277 5cm OI*J?I 2 27 22 Bl gisjA
FEcdyonurus yoshidae(EQ3) ¥ %] &8, Heptagenia kihada(E06), Paraleptophlebia chocorata
(E22), Neoephemera kua(E33), Kiotina sp.1{P35) %2 &9 4a#AE Y1, 3~5cm 2
712l & Azl el A= Paraleptophlebia chocorata(E22), Neoperia quadrata(P36), Lepidostoma
sp.1(T65), Orthocladius sp.1(D104), Rheocricatopus sp.1(D108) Fo] ¥ 49 FFAAE 1}
BWlen, 1~3cm A7e] FIH A@IHAE Kiotina  sp.1(E3D), sp.1(DY7),
Rheocricatopus sp.1(D108) o] 42| 4##AE Yebdoh 18l 3 1emol il 22 a2
Neoephemera kua(E33), Kiotina sp.1(P35) %] ofo] A4a@AIE Vel ol F mEd &
ol A#-§ el MES FHET H#itmelr =& BEE Jehllew, ¢4 2715 #2
AET %) J#e Vebd EEL A2 wRERl HSE mBNY HaT EEE A
S} (Merritt and Cummins, 1986), 12|29} Sl thalr= =pAlgh Aei7} WA 2] ego}l 4
EHE XS X &H o] Ayt etk Azt

AA s MM Ao g Wolrl 22 DO, BOD, pH, €% %2 ¥ A9 A7 FE #EE 9
A L A4 gLl #A Aol A YErRtT

Lt) B MiE2to| iR

Diamesa

ZAHE g (H), H%E(E), #4E (D) Ho| 4EAES} T8 &4 al7e FaeH 2
7} Table 63 24t} o] 4% TBI, BS, BMWP (%%} &, 1991) %2 & Ao ZA Ao Y
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Table 6. Correlation coefficients between biological indices(BI) and environmental factors in
the middle reaches of the Paenae stream, #

Current Large Small Large Small Gravel

Months BI Velocity Cobble Cobble Pebble Pebble & Sand
Aug. 1989 H —0.496 0.258 —0.144 —0.715* —0.159 0.227
E —0.539 0.244 0.134 —0.639* 0.110 -0.317
DI 0.650* -0.315 0.074 0.712* 0.012 0.008

Nov. 1989 H 0.212 —0.437 —0.515 —0.885** 0.471 0.731*
E —0.139 —0.269 0.009 —0.822* 0.190 0.524
DI —0.403 0.370 0.509 0.762* —0.650* —0.615
Jan, 1990 H ~0.372 0.078 —0.194 —0.615 0.141 0.091
E —0.223 0.008 —0.160 —0.653* —0.064 0.277
DI 0.443 0.316 —0.00t 0.648* —0.143 —0.437
May 1990 H 0.114 0.278 —0.133 0.807* —0.504 —0.176
E —0.130 0.122 -0.227 0.765* —0.445 —0.064
DI 0.008 —0.267 0.139 -0.602 0.587 0.147

*Significant level: 0.05, *Significant level: 0.01
¥H: Shannon’s diversity index, E: Evenness index, DI: Dominant index.

Eal

ol 71749 Wolv} giglemg Asls ¥4 A Mkl F $¢ 2712 4% 3~5cm
o] & zpz(large pebble)o] A Aol ZAH ZiE AL FH dEHOE 2 4HE e
t}. Rebeni®} Minshall(1977)+ 1~5cm A 7])2] zpzho] 1 o] A4e] 2 FEolu & EXE ¢
ge oAHE A F1, 712 H2) JUUe] FHAE A2Holn, 1cm ol F&
REXRHET O AHE gaErl 5 7) wlFoll Kk B E¥XE AFsle T2 8219]
k3 o}, I Hart(1978) 2 Trush(1979)E 3 9 #4235 M2 de] 2AMA F7F A7) 9
AR ROl A R L AR Fo1t Al o F % (1989b) = B A ol A 9] || A& #E
Bl W FAEF) HEgE A7 A3 S 27 aRERgAAN T B2 Eea)
A-HAANFE 25 A

2 ZA A e YERE7E 57 groupel & A (large pebble) o] FAE&# Wi¢ F
A BAE el o] Bt ATESEBpEE ] ERdd oM T3 AV A F8
& 08 4 UAcH(Table 6).

i

w =

1989\ 8 F-E 1990\d 5 7HA] 4A Mol B A B R EmE el Frad sihld difiel &
HE BEY T RS(levee) LTE o2 st BN KU EHEINS] HEBESL
BEENS ZAEH T

R Lt TEsmol A 7 2 o]yt o MEEAE L fiEold e, 1 thg2 MK
ol At A Aol e gotEol vl e BmEER Ygwey, drdie B g
106%E°] ¥ ®ERZ 28t AHoz F AY e ik} mRERY e o] & wrg &t
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Aok A MY EE 5 16 ERbtmol T, o 20/ TRl MY 285
ot A2 kol we sl LK, H%HE, TBI, BS %ol Ut 44dd 24 %
Asrdd Miuld Firel Fo EEEmS HRol 7MY & 8L viAe AL FLor %
ARA aQoluon, thE o2 ik 3 AREHEMOIAT B ARES 7] 3~5cms &
7k A7) o] & bz (large pebble) o &3 3 & AAFAE et At

51 83T

Chandler, J.R. 1970. A biological approach to water quality management,
Wat. Pollut. Control Lond, 4: 415-422.

FHEMRE. 1966, AKERAE, LR K. 270 pp.

Hart, D. D. 1978. Diversity in stream insects: regulation by rock size and microspatial
complexity. Angewandite Limnol. 20: 1376-1381.

Hellawell, J. M. 1986. Biological indicators of freshwater pollution and environmental
mangement, Elsevier, London. 451 pp.

Hunt, J. S. 1930. Bottom as a factor in animal distribution in small stream. J. Tenn. Acad.
Sci. 5: 11-18.

Hynes, H. B. N, 1960. The biology of polluted waters. Liverpool Univ. Press. Liverpool,
England. 202 pp.

AR, 1991, 9729 AMH AP LA55E 2 239 T2 2 #FH 807 /718 2
Fobe] B sk A FANE W AL S = F

A 1986, BB Al AEY BAE 20 g A *}Qﬂi . 21 pp.

Lyman, F.E. 1959, Environmental factors affecting distribution of mayfly nymphs in
Douglas Lake. Michigan, Ecology. 37: 568 -576.

McNaughton, S. J. 1967. Relationship among functional properties of California grassland.
Nature, 216: 168-169.

Merritt, R, W, amd K. W, Cummins, 1984. Introduction to the aquatic invertebrate of
North America. Kendall /Hunt. Dubuque, Iowa. 729 pp.

Moon, H. P. 1939, Aspects of the ecology of aquatic insects. Trans. Brit. Entomol. Soc.
6: 39-49,

Odum, E. P. 1971. Fundamentals of ecology. Saunders coll. Philadelphia. 574 pp.

REEE - 20E%. 1991 Uil A /e AMAL HER ’1‘4—%%%01} o & A
I, 28 4 A5y saa%y. S a3 A 14(3) :345-360.

Pielou, E.C. 1966. Shannon’s formula as a measure of spec1ﬁc diversity. Amer. Nature. 100:
463-465.

Rabeni, C.F. and G.W. Minshall. 1977. Factors affecting microdistribution of stream
benthic insects. Oikos. 29: 33-43.

BB - EEE - aAE. 1986, Fak FMEF) FHoE - dig g ¢ A I
gha 5478431 %], 19: 109-125.

A

Bl



December 1991 Oh & Chon : Benthic Macroinvertebrates in Paenae Stream( II ) 413

BEE - OB%E - WEE - #5E, 1989, AT 2 olAlH #AY FAMTF 2 g A
=588 A, 228 95- 110,

A - APFEE. 1982. A2 FH A B LAWY, ST A 5: 4653

Trush, W.J. 1979. The effects of area and surface complexcity on the structure and forma-
tion of stream benthic communities. Unpublished M.S. thesis, Virginia Polytecthnic
Institute and State Univ. Blacksburg, VA. 149 pp.

BI%E - BEE - 28%. 1974 93739 $M2F &Y 855887, 7: 3744

BE - BBR - EEF - a6% 1983 AR FAY F#A42F TR 88 A A T
£8 3], 16: 3-52.

Wilhm, J.L. 1972. Graphic and mathematical analysis of biotic communities in polluted
stream. Ann, Rev. Entomol. 17: 233-252.

Woodiwiss, F.S, 1978. The trent biotic index—macroinvertebrates in biological surveil-
lance. Elaboration of the scientific bases for monitoring of surface water by
hydrobiological indicators. Report of the First U.K /U.S.S.R. Seminar Held in Validai,

U.S.S. . 12-24 July 1976. 58-31pp.

FAA - B - BRI - FAEEL. 1986, B ST MY YR HFER ZPo B
T ADEE AR A, A8F. pp.43—51.

F - BME - REM. 1989, BAFUY stHe] 23 2o B8 A7, 3235813 %],
17: 63-72.

FI - WS - ERAE. 1989b. M BRI njh Ao mpE FHAE 2HTLE L A
Bt FE. 35483, 22: 321 -335.

FM - EOH - FEE 19902 7HEE FA FHAESE 2o B3 A7 A2,
20: 41-51.

FK - JLEE - IEIR - FHEAR. 1990b. ¥R E AMAH E T HEER] 2PN HEY

o AMH s, a&58H8) %], 23: 43-68.
(19914 8A 21H #%)



