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T2%HeH, oF¢HEL WRY SIS (Hydatophylax nigrovittatus) 2 A% 6.15%Ftt. A5 5 AA AR F
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Abstract

In this study the community characteristics of benthic macroinvertebrates distributed in stream of Gaya Mountain were
figured out and the correlation with the physicochemical water quality factors were calculated. During the study period,
total 4 phyla, 6 classes, 13 orders, 36 families, 100 species of benthic macroinvertebrates were recorded. Ephemeroptera
were the most dominant followed by Trichoptera, Plecoptera, Diptera, Non—insecta, Hemiptera, and Odonata. The
overall dominant species was Cincticostella levanidovae by dominance rate in 17.72%, subdominant species was
Hydatophylax nigrovittatus by dominance rate in 6.15%. The biotic indices showed the diversity index 5.17, richness
index 12.44, dominant index 0.24 and evenness index 0.78, there is no absolutely dominant benthic macroinvertebrates
in the stream of Gaya Mountain. We identified the correlation between the species number and individuals of main taxa
and the physicochemical water quality factors. Ephemeroptera and Plecoptera showed a negative correlation with water
temperature, but they represented a positive correlation with the dissolved oxygen. This results suggest that water
temperature and dissolved oxygen are important physicochemical water quality factors affects the distribution of
Ephemeroptera and Plecoptera, the indicators of clean water stream.
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TR 273 2 %19] Wste] wief S EAJo] BigtE|o] A2 9
A5 =W 1 Fof] A-g3te] AAlehs B FRE
= 553 AeiAlelckAllan, 1995). E3H H] JE5H4 2
daaet AESH] a4r F/dEo] AAE YA ol 84E
O] o Arg-o] Avl= AHIA Y] 5E]F X9} 750 & e
THHorne and Goldman, 1994; Hynes, 1970; Vannote, 1980).
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SPAAEIA = nlxle Fagt el 1k, 75, &+ AP BE Hof glo} iR es SR 7P ok
F, T, oMITE BEY 2k, A V1% 0 =9 a4 1 persto] 2008 ARE] 2011A7H] 497 & T ZARHS
oF 40l 2FE(pH), EEAATHDO), M7 HAEE(EC) 59 d7gstol EA|, s, FACl AMd digdTassee] 258
ojgtetd gaw R 4 o, AL A 2% Askodet. oA AN BEAEE Aiges TARRE 24
aE, e, dAsE &85 e, AAEE Y shslles 4 di@TaTs2e S99 24 9 94T 3% 5 <]
e ojRet FAISF, 27, 2RHF S0 22 Ass=ol EAe mefsidltt. 2 dte 4dolzhe Hlad 1 ARk
O|EZ|7HA] ul-¢- Thfelal Rt Aewtor FE Ut ol ¥ AkmE HigoR AMY didTATEE] 24 SRt
(McCafferty, 1981). sSPAJElAS] B0k @ 4e il 4 olsfela 4 Q]I7te| AHHAE EAst e A A4
vzt gl Eofidte R 4 lon, BitAe 2R7(Algae) ot @552 S Akl it EPTe] Sdnle< vEhd
@42 (Macrophyte), A-H2h= #4454 5523 o S i A1 et S W71 4 A== sk
3 AR, 2E et HEjotet o] 22 nidE

2 izt BEd a4 F ARt &ote A4 tgF
HEFFE2 DU spdoflA F=2 AAleh g9 5 44717t
XA 2SS sk Fo g ettH(Rosenberg and Resh, 1993).
=] sEd9] ARHAIRE 2] Fal f50] WE Ho] EAJolH,
HATe] L thEE A4 (Boulders)? HFE(Cobbles)2 T
AElo] Qltt. YdFrE o= SlRE WdsE o] Zat 42
7, 501 |1 sPIAES] ARl 37]= ZolRitt.
AEE T2 oty sHdRHH o] F7teAY A= oM
BP9 372 AAY P FEFE=oNA W 2Tt
AASAL AZ5H(Cobb et al,, 1992; Robertson et al.,
1995), ol AEwt9] FE&L = 24140 AHESE iAo &
Atat Ag50] Ate] ofsf] FFE W= AR gEA JthGray
and Fisher, 1981; Brooks and Boulton, 1991).

A HPFHFTES ERTH R ofofotal AJA1A

=

ki

3ol AFoke 54 7, skl wigstal, viaA

SR WSS 7 F=0l Q7] whioll shagH Al 2+
2 Wl AEgEeA Uy andes olgsn 9ot
(Hellawell, 1986). £3], o] 5 sF24o]&(Ephemeroptera), 7
L= (Plecoptera), Y& (Trichoptera)2 ¥t og @ ¢
H oA vl BizksHA wkgsh] wiEel] A spdgAlol
A E@HEI} EtHKim et al, 2014). o] F A=efEo] 452
S AEANA 13F B 27 AHRERA], o5 F= o,
7 5 HlwA & FAFES fIAlSte] AR R
oF T2 SA AEFo] Hol7t H71k shARt shRdol Rt
g 5 iR SAESol tigt A=A et A
= H(Theischinger, 1991). F=8EiAIY] 244 HFF25
e et 8 alat TR TAPL 9= Al
delA Qlet. AE B0l 350l FFE F= 7T "2 SR
=

=

G

o

&= T T
= Z opoRo] T4astal(Ward, 1974; Wright, 1967), 4%4H
9 TDS(Total Dissolved Solid)7F $7T1e4-5 & thokdo] S7ieh
k= Ao|tkHilsenhoff, 1971). o]t 2 A= A HEF
HEFFE AAEFLE dos xZHo=2 oA Urt.
wEpA 2 Aelde A ddFETsEe B4 2Rl
ool ko] JHHAIE Bs] izt sielch. Ao A9l 7t
ORR2 Auibalo] gt 2w o 2 S HRURe] f)x]stal glof
A7 AE Seelotal gl Aot AT 16714 &atH,
19661 69 24 A 2 H5A] Ase E 1972 109139 =6
2 A 952 2 =]o](Korea National Park Service, 2007) A}

=

al
=

2. A=

i

2.1 ZARIE U =APIRE

Fhobit ) Ak5A] T 2AEE Hgste] ZARshe
BE 2AAY B 499 Ao el glglon st 19
Shbe Quht SERE, A, el Tl lgla AAY
AR 57327h Qelek. St 20] SR Qi Ul Ak,
Bz PSR 2AAY Qe Pue] ol sk ofg
o] SIgik. St. 3] SHARE b} BukE, A2 F4HH sk
o ANEE O 2 Wolol AAF AYoIet. St 4 ~ S
79] ShAke et SHpE A2 o FAER she] Ak
L uke goln] 2jetag Apgolglet. ol St 1, 2 AEE
508 Qo] ASIHel WS A0 W gl Aelglon]
St.3 ~ St 72 GG 5 91914 Wek agle] AL Aefolg
2} 2R AT AR W e het 2ok
(Table 1, Fig. 1). ARZAHS 7HopT 5A19) 77 24 0]

e}

Fig. 1. Map of study sites in streams of Gaya Mountain.
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Table 1. Description of study sites in Gaya Mountain

Study sites Administrative districts Coordinate Altitude
St. 1 Gyeongnam Hapcheon—gun Gabuk—myeon Hongryugol upstream area 11;] 132% A(L)Z 2111 689 m
St. 2 Gyeongnam Hapcheon—gun Gaya—myeon Chiin—ri 1st Campground area N 350 47, 30 " 569 m
E 128° 05" 10
. N 35° 47" 20"

St. 3 Gyeongnam Hapcheon—gun Gaya—myeon Hongryugol midstream area E 128° 05 50" 513 m
. N 35° 47" 10"

St. 4 Gyeongnam Hapcheon—gun Gaya—myeon Gilsangam Temple area E 128° 06" 12" 460 m

St. 5 Gyeongnam Hapcheon—gun Gaya—myeon Hongryugol downstream area ]E:\I 13258 266 5521 " 439 m
. N 35° 48" 17"

St. 6 Gyeongnam Hapcheon—gun Gaya—myeon Tosingol upstream area E 128° 06" 197 652 m
. N 35° 47" 37"

St. 7 Gyeongnam Hapcheon—gun Gaya—myeon Tosingol downstream area E 128° 05 50" 569 m

tisted 2008E7H 20119714 437 F 129] 44(&A), 78
GHAD, 9EGEANZ FHEsto] AdE= JPsiglon, sAZAE
FAA 9 B8 R el Aol e A didraTEsE2
i o= AR $A9 54L& 25| e = §V]
mell Alelstalnt. Het Ageket AaE 7] Hsf 7hset vid
AAER AL AZIE SAAZH.

22 ZAMY 2 MK CESY2ER0| 28

A A= WYL AR A xA
T Potdct. AFEARE Surber—net(30%30 cm, %
0.5%0.5 mm)= o-gsto] AR E4S i 4
F-& Aok sHe] 20k §45 52 aleste] 334 o
AR ZA A= Z0] 30 cmQ] hand net¥} D—frame dip net(X&
30 cm, FEA7] 1X1 mm) ©o}-85te] THgRt vl A A ZoflA
e 213 T 30+ ol ARSI @l A A FEe 500
ml viale]] 11 M (Kahle's Solution; ofE &= 28%, =2+
A 1%, ZA 2%, Z575 59%) 0 & 1451t TR 515
AL 1% § 80% cEgE &dor HA EySit
(McCafferty, 1981; Williams and Feltmate, 1992).

FAZA R A HFFEF=T=9 AL FAll o]Fof
How =& (Water temperature), pH, DO, EC= tfb= 42
=747](HORIBA OM~-71-2E, HANNA HI98129)& @74
SA5 F{=2 S92 FalAdf o#HE(GF/C, 0.45 m) 2
2 o A - 59 FAXR Follal, AEoH At
(BOD)2 Al=E 20 CollA 5¥47F A% & 5714 n|P=E9
FAT TEAG] oote] aH|E SEAAATS EEAAE &
A 71(YSI 5100; Dissolved Oxygen instrument, USA)E A}
ot SAotqlr

A A HE A5 E-E Kawai and Tanida(2005),
Kwon(1990), Lee(1971), Won et al.(2005), Yoon(1988),
Yoon and Song(1989)2 o]-g5te] AA|@n|Fslol|A T4 25
Shelar, o] & A71et Ztm ] ERHHoR FAo] ofB T2
sp.= ottt EFAIAISt 82 National List of Species of
Korea(2018)¢f wsict.

i
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2.3 d=2|9| 2 2 SAEA

AEAFR old #3o] FREL} A4 A 3
2 Y= ZtheFL (H')(Shannon and Weaver, 1949),
ot AATE R e m FH WAEE Uehil= 3%
T (RDMargalef, 1958), ZAAHH && Aol et <
oFHFTL] AL HES UEle Rk
(DD (McNaughton, 1967) 3 W F749] +5HEE LIEt
Y #5=()Piclou, 1966)2] 541-& o]-§5to] 4HEoH3TT.

BARAE AAE dFFHEF5EY 7 ERFod ol3et
A A QRN AABAE metstr] Qlote] JTEAE S
.01 Software PASW Statistics(=SPSS) Version 21.0(IBM,
USA)Z 2 7388 0]-83}0] Pearson correlation coefficient&

ol AT E AHESEL, el AR ()= skt

oN o

Z
AF 4

3. ZAnt o
3.1 MM @Sz 520 2

2 A7 48 S FHFERAIR THopit Aol A gelE
X HYFHFTES T 4 64 135 367} 1005 2,86174
A et o] & kAol =(Ephemeroptera)©] 34%:(34.00%) 2=
7 @e 242 yeion, Y@l =(Trichoptera) 27%
(27.00%), == (Plecoptera) 15%(15.00%), ==]=(Diptera)
115(11.00%), ¥]+5FNon-Insecta) 10&(10.00%), =1A}
E(Hemiptera) 2%(2.00%), ZA2]=(Odonata) 15(1.00%)<]
w02 gl HYrh

Z9 A= o5&l 1,63770A1(57.22%) 2 &3& 7N
A2} Autol e ARAIskH, Eais 5507041(19.22%), ¥
2E5 26670A1(9.30%), =5 21870A41(7.62%), =2 =
17470A1(6.08%), FA1212 117141(0.38%), = AAE 5704
0.17%)°] =02 21 E|QItKTable 2). AP & A=
RIS 2008 (A 767.00 mm)©] 2009¥ (1 1066.00 mm),
2010¥(1 1547.10 mm), 20114( 1624.50 mm)RE ot Z-2
FT57 SRIEQT AAER ZlotH EA U A H]5)
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(B) Composition rates of individuals in each study site

Fig. 2. Differences of composition rates (%) on species richness and individuals in each stream site, Gaya Mountain.

Table 2. Number of species and individuals of benthic
macroinvertebrates in stream of Gaya Mountain

Number of species | Number of Individuals
(Composition rate, %) | (Composition rate, %)
Non-Insecta 10(10.00) 266(9.30)
Ephemeroptera 34(34.00) 1,637(57.22)
Odonata 1(1.00) 11(0.38)
Plecoptera 15(15.00) 218(7.62)
Hemiptera 2(2.00) 50.17)
Diptera 11(11.00) 174(6.08)
Trichoptera 27(27.00) 550(19.22)
Total 100(100) 2,861(100)
Al ML e $47} SISl ol %01 S

Bho15 gl

% 50 7)gust oY A4S W AEE o] 77
i FAFE=] 22 T2 73 A ex HdrkKorea
Meteorological Administration, 2011).

A dieFdF3see] 27 5 EPTE2 B4+AE
tjEst= A EoItHKim et al,, 2014). w2kA] F(species)
FollA 2] 2| ;o] obd Hlorder) oA 2] EPTEo] 4]
T NA ZRIShE e BAEE RHske HEe A5
2 o]8d 4 Uth(Lenat, 1988). ololl ZAE &3¢ EPTH
o] 9 W82 St 194 5T.69% 71 Weron, St. 494
86.96%= 714 =9ttHFig, 24). 2@ AASE EPTY] 1S
2 St. 191A4] 49.12%=2 71 2k o | St. 404 92.38%=

7V woh b AN EPTRE] & vledt 7l vle2

K‘L

WA} 2 RS B
A5AA o))

doz EPTHY

skl 3 4 1oAThFig. 2B). St. 18 ZAAY
e FHVFOR A HH oGN] §
i

AARE 9T 07 Ao Bl

Ii] J

32 RYE ¢

7opik A9 hE2 O] FARR| A EPTHl &5t=
Zo] QAZFo7 FolE9 o AH LAZXS ustFA o]
(Cincticostella levanidovae 2 Hx 17.72%, F-4E52
w2y BT (Hydatophylax nigrovittatus) 2 4%
6.15%% . ZARA Y 359 IS IIciEA 4d7t
T ZAAA F 67 ZARR oA 2ol g Wdxrt of
3 EQ1 QIstEA0|(St. 2, 3, 4, 5, 79} WRLQBuh (St
6)7F -st91L, U] 1709 AR R] St. 1914 24
gt Aol = F9l Zu= spp.(Chironomidae spp.)7t
L4359, ol HEFL Ry SR (Ephemera strigata),
TN ESFEA O (Baetis fuscatus), B0 (Drunella aculea),
TH B
(Neophylax ussuriensis), ‘&7l (Uracanthella ruta),
w2 BU T g th(Table 3). RAMAHEE F8 9HZEO
B ZWF spp., YStEAo], fRHeREYLH =z tRE
O] AR OIA 10%°014 40%At0]9] 5&-S Holm o
ot o] AR og QHsHA] ¢l 15 BXSIYcE ZAA|A
FAEY ol F tFEo] stFEHolEY FrdFolql
ERTES s uFsHA §Egoh] w2l tiE

o]
Ookia' 6]—_ _]% oF /\ ohq.

i

f

7V=R Y5} 24 o) (Ephemera  separigata),

HE_JLmEr

FANN A= F2

Table 3. Dominant species and subdominant species at each study site in stream of Gaya Mountain

Subdominant Species(%)

Dominant Species(%)

St 1 Chironomidae spp. (37.43)

St. 2 Cincticostella levanidovae (23.31)
St. 3 Cincticostella levanidovae (25.06)
St. 4 Cincticostella levanidovae (29.50)
St. 5 Cincticostella levanidovae (15.94)
St. 6 Hydatophylax nigrovittatus (10.42)
St. 7 Cincticostella levanidovae (13.69)
Total Cincticostella levanidovae (17.72)

Baetis tuscatus (8.77)
Hydatophylax nigrovittatus (9.02)
Neophylax ussuriensis (8.86)
Uracanthella rufa (8.75)
Ephemera strigata (14.96)
Ephemera separigata (8.87)
Drunella aculea (9.49)
Hydatophylax nigrovittatus (6.43)
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(Kim et al, 2014). 2t $8% @ Fo AmE sopi
SAE 5AA AHE St 12
st A AR4e FT

3.3 ZARIYE d=A|+

AFANAE A4 T FE=0 tiste] 2AR] A
uhet ohFEet FRE, SAE, 75k 5 YEASFE AESH
o] ZARAEE x| B4 meletglct. 1 Ayt ARz
AR ol gt e (H)= 5.17, FRERDE 12442 et
W utE, $HE=DDE 0.24, F5 =)= 0.782 Sl it
QHEel F5ES] Hgho] 191 AL ke uj Tlopit 44
of AlAlote XA HPFHFTES BTl -5 &
trte A & £ ok 2AREE gFEa|$E St 19]
3.578 7P Wokal St 60] 4.828 7P =9kl ERLL
St. 10] 4.860.2 7P W1, St 60] 8.84= 714 =) UrERt
o} St 12 AAY dHYFAFES] et ST B
W2 3R] o] A Aol IxIe AR ] 5HEE
o= Qla ool fr1EC] FUEol AAR2A ] EEgh
Z702 sl yepd Avteta dohech ojehs HiE St
69] ThFEA| 47} =2 A2 HPAQ] AR A7 B4 5t
ot QI91AQI ] 52 A ¢ mef, A, sHHER
o] Fo]7l QHY AR sHTF=9] T AAE g FEHSTE
o AR 2A w fEgt 270 251 Q7] wielot
QHEE 0.19914 0464102 AA2 o7 o FAA]H
H2 H5HAY deke AAFOR Fon ] A= g2
Ztol & Holz] Fgtth(Table 4).

(e

qn 2L
ox, g 4

Table 4. Biotic indices on benthic macroinvertebrates by study
sites in stream of Gaya Mountain

Study Sites H' RI DI J
St. 1 3.57 4.86 0.46 0.76
St. 2 4.20 591 0.32 0.83
St. 3 4.18 6.52 0.34 0.79
St. 4 4.15 7.00 0.38 0.75
St. 5 4.39 7.70 0.31 0.78
St. 6 4.82 8.84 0.19 0.83
St. 7 473 8.01 0.23 0.84
Total 5.17 12.44 0.24 0.78

H' . Diversity Index, RI : Richness Index, DI : Dominance index,
J' : Evenness index

3.4 ZARRIHY olatsty S0l

o+ 8 Co] W9z AFAQ Azk
< How, pHE Hd 7.40 ~ 7.939] He
tt. DOE 3 7.71 ~ 8.50 mg/Lo ®9=
7 71EeR2 BE IAXHA ule E3(a)
o sidstget. ECE 31.58 ~ 110.33 us/em®] HYE
EFUS1AL, SSE 0.73 ~ 5.20 mg/Le] M$E Bk BOD
£ 0.50 ~ 1.73 mg/Lo] HH=Z sk J&ed 7|Eez
St. 12 5 (b)o]al 2] ZARAH A= o E5(Ta)
o sigrstgth(Table 5). EC, SS, BODE 7 z]o] <153t
St. 10] EF AR o] H]a] HlwA =2 HE YERHA
ow SRR A4E fAasteE AL &
F=A el A (lotic ecosystem)Q! sFde] &

A Fa1, 527] gige] vebd APavz & 4 Qe

15.02 ~ 16.8

rC
ot
>
30,
32,
u)
o
fr

35 32 2221 0[5 £ 2017i0] AuEy

=2
Zropt AlNA Beld A digFATEEe] F8
R olgkety £ qQIte] &4 T4t Al
Fdatere 18 AE4 (Correlation analysis)= SFATH.
O A, HEERE, AAYE, gedEe So AlS %
A FpollMe olaketa] £4 a]Ite] foftt A
© FRAHA] Fod sFRAo|EY F 40t 22 &
TEA (r=-0.607, *p<0.05), HAFe} 22 22
A(r=-0.703, *p<0.05), |LE4ZTFE Fo] A
(r=0.702, *p<0.055 YeERHgIch. FrafZe] F4
22 59 AHEA(=-0.810, **p<0.01), &EAIALTF
<t

Lo

o

ﬁl‘_f:“o_ﬁ:
Sorjo xR oox

g

Fol AT EA (r=0.773, **p<0.01), HAFANME mpzt

o

A2 e 29 AdA (r=-0.740, **p<0.01), &FA
sk} oFo] AT (r=0.752, **p<0.01)E Hlat 4 9
At AR ES T MAFo A 23 Y] A
A(r=0.290, **p<0.01, r=0.289, **p<0.01)E vehyolx
o 5] A4t Ar|AEEE ol AT (r=0.337,
**p0.0DE AT 4 AU AA A et 22 2
ATEA (r=-0.691, *p<0.05)5 SEALTFIE Fo] A
TAA (r=0.717, **p<0.01)E YHEFHAUHTable 6). o]+
AAFAC] AF;AQ] stEAO|EL o] Aald ¢

ad}

(e}
Fe mAE A seolge] LA HaT Al
23, A5 AE Thet AL 74 AFo] Ak

Table 5. Physicochemical water quality factors by study sites in stream of Gaya Mountain

Study Sites | Water temperature(‘C) pH DO (mg/L) EC (us/cm) SS (mg/L) BOD (mg/L)
St. 1 15.49 7.93 7.71 110.33 5.20 1.73
St. 2 15.02 7.62 7.92 96.27 4.75 1.00
St. 3 16.33 7.53 7.86 90.33 2.60 0.85
St. 4 16.35 7.40 8.09 60.52 1.70 0.65
St. 5 16.88 7.49 8.17 59.13 1.55 0.63
St. 6 15.04 7.55 8.50 31.58 0.73 0.50
St. 7 16.38 7.46 8.37 34,72 0.95 0.58
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Table 6. Correlation analysis for water quality factors data and benthic macroinvertebrates in stream of Gaya mountain

Water temperature(‘C) pH DO (mg/L) EC (us/cm) SS (mg/L) BOD (mg/L)
Non-insecta(S) -0.205 0.194 0.208 -0.068 -0.244 0.131
Non-insecta(l) -0.321 -0.283 0.245 -0.428 0.014 0.031
Ephemeroptera(S) -0.607" 0.112 0.453 0.143 -0.136 0.189
Ephemeroptera(l) -0.703° -0.171 0.702" -0.074 -0.259 0.218
Odonata(S) 0.455 -0.181 -0.496 -0.003 0.370 -0.421
Odonata(l) 0.443 -0.255 -0.439 0.075 0.377 -0.425
Plecoptera(S) -0.810" 0.006 0.773" 0.113 -0.330 0.207
Plecoptera(l) -0.740"" -0.257 0.752" 0.028 -0.283 0.040
Hemiptera(S) 0.290" 0.123 0.126 -0.156 -0.024 0.085
Hemiptera (1) 0.289"" 0.024 0.105 0.135 -0.107 0.328
Diptera(S) -0.005 0.033 0.181 0.058 -0.440 0.114
Diptera(l) -0.408 -0.008 0.575 0.337" -0.376 0.419
Trichoptera(S) 0.121 -0.043 0.032 0.350 -0.321 0.121
Trichoptera(T) -0.293 0.044 0.398 0.478 -0.513 0.484
Total(S) -0.509 0.088 0.492 0.238 -0.341 0.266
Total(@) -0.691" -0.173 0.717"" -0.002 -0.327 0.274
(S)=Species, (D=Individuals, *=p<0.05, **=p<0.01
AL HolZoh E3h REALTL A WY ooz = Hol FY=HT 3= St 1 A LfgE HA] 5ol A A= sk
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o] Lot HnpEd e Fo| x5ty wiel yE
F Axtet AZEH(Kim et al, 2017). Et dukd o=z n}
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