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Community Characteristics and Biological Quality Assessment on Benthic

Macroinvertebrates of Bongseonsa Stream in Gwangneung Forest, South Korea'

Sang-Woo Jungz, Yong-Chan Cho’, Hwang-Goo Lee"
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Boe AEdRAA G ol 7|17 A weld 39 AeiARA Aetheld s RUEE 9 BA At gst
A 3= Qe ey sk A7 B7F A EEA A A EH“é?"q—T— =9 v 4 5400 g A=
zrolH 7] ofgch B A= 20161 4 € E %77}11 B BEste BAAR 9 QI ARl et sPEIHE
flalf #1414 Eﬂﬁé-‘jri—'—% =9 FAREAS skgich A A, ZV\V* WP FHFES T 5 8% 175 563
114F0] &4 3}‘2‘13 T A oA A4S P% shRArol =3 dieeiino] 22} 308(32.3%), 168(17.2%) o= thd
o] =911, 945 ShHoA UHEA O 2 Ash= Al X| o] F(Tubificidae sp) W& 0| (Baetis fuscatus), §5Z¢
t} KUa (4Antocha KUa), Z_U]—EWEFH(Cheumatopsyche brevilineata) 2] Z¥ =7} =4 Vet A7 5ol A
+ RopH=e|e} FopH=e7} vlud =4 S5 AFAGolA= Aol =F2et FolH=F27t &4
Uebsth Al4)7]Eatel A= %t—‘?—ﬂﬂ o= 7F A Edstlon, ofSx] o] njaxAA ol i
St w8 AT, SUEASL Wi 04840.1008 BAEon, F2% AR GS 8914 03302 714
Sl Uhebtom, B4R BS 1604 74 71 Urebsdeh. chobee} FREASE Sgmlol vhldste] Lehto.
U% S -7} o GS 89 thoFwel THw |4 7k7) 253, 4223 UrElgtth R0 ERoMA Bl Aul B

S ey} FlEHo] =8 [EAT L2 FAl= Aot fEgo] e [EAIFo] =8 Ao g el 3249
SAPE mRlel WA BEo| o] Exa gt Aoz SS90k U SARE A RS

S AL 50.88+17.69, St AIEA S 1.11£0.57, AAZER|S 78.55+11.052 H7lE o, IE<4 AR GS
8oll4] ESB (637), KSI (0.55), BMI (89.9)% 7}% £ wu 227 [220] O MR 5220102 LpehdT). o]
ulof| 41214 BS 1041 ESB (25%4) KSI (2.13), BMI (62.7)& 2~8550] 71 wo 50l HoMHseo
= F7IE Sl AAA o R F5% W ARt SR YR BAAPH S SAOA $A2L50] HAdS STtst
= AoE Ygytoy 3 ﬁE““ TTY FAFERE T3 Zol7t Sl AR eyt
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ABSTRACT

There have been many studies on monitoring of biodiversity changes and preservation of Gwangneung Forest
Biosphere Reserve (GFBR) in South Korea in recognition of the rare ecosystem that has been preserved for a
long period. However, there are few studies on diversity and community characteristics of benthic
macroinvertebrates as an indicator of stream health of GFBR. The purpose of this study was to assess the water
quality of Bongseonsa Stream that penetrated through Gwangneung Forest and the nearby torrents by analyzing
the benthic macroinvertebrates community during April to September 2016. The investigation collected a total
of 114 species of benthic macroinvertebrates belonging to 56 families, 17 orders, 8 classes, and 5 phyla from
the Bongseonsa Stream and Kwangneung Stream. Ephemeroptera and Trichoptera were the largest groups in
species diversity with 30 species (32.3%) and 16 species (17.2%), respectively, and Tubificidae sp., Baetis
fuscatus, Antocha KUa, and Cheumatopsyche brevilineata, which usually habit in contaminated streams,
appeared frequently. Among the feeding function groups, the gatherers and hunters appeared relatively
frequently, and the shredders and scrapers appeared frequently in the torrents. Among the habitat oriented
groups, the clingers and burrower appeared more frequently and represented the microhabitats in the shallow
areas. The result of the analysis of benthic macroinvertebrates community showed that the dominant index was
0.48+0.10 in average while it was lowest with 0.33 in GS 8 of the Gwangneung Forest torrent and highest in
BS 1 of Bongseonsa Stream. The diversity and richness indices were inversely proportional to the dominant
index and were 2.53 and 4.22, respectively, in GS 8 where the dominant index was low. The result of the analysis
of community stability showed that area I, which had high resistance and restoration, was high in Bongseonsa
Stream while the area I1I, which had low resistance and restoration, was high in Gwangneung Forest, indicating
that the water system in Gwangneung Forest had a wider distribution of specifies sensitive to agitation. The
biological water quality assessment showed ESB of 50.88+17.69, KSI of 1.11+0.57, and BMI of 78.55+11.05.
GS 8 of Gwangneung Forest torrent was judged to be the highest priority protective water area with the best
water environment and I class water quality with ESB of 63, KSI of 0.55, and BMI of 8§9.9. On the contrary,
BS 1 of Bongseonsa Stream was judged to be the high priority improvement area that had the lowest water
quality rating of III with ESB of 25, KSI of 2.13, and BMI of 62.7. Although the diversity of water beetle was
higher in the water system of nearby Bongseonsa Stream than the water system inside the Gwangneung Forest,
the annual community structure appeared to have distinct differences.

KEY WORDS: GFBR, FUNCTIONAL GROUPS, ESB, KSI, BMI

AME %9 8 A 4 ESPH(EAA) Y FE o] Azt
A AP I Q= Aoz BIE QK Yoon ef al., 1993;

Bee2 A7e A a5l 91 16} Qo FA Lee ef al., 2012). E3F 2429l Q17 Z7}9} L A|3), 2}
oF 4km, @45 oF 8km -71o]| sfiggich F5w2 AAES ~7P ol T2 eEedS IA Fewe A8ETH
Lxto 2 AAE F=1; A st B3} U EH Pto] o 2 IS F1 Qe Aoz AdHk(Shin et al, 2011;
S5 53 Ao AA W] 7]olskaL °1°U% 20109 4| Song et al., 2014).

25 AEHERAAGom AR o] i BEd 2A AXE NP FA TS A A 7 Tk ol
o] T8 Aoom FxEa ok s T Few L ES AELCRA F83 7S ST Merritt et al.,
Aol IRt 7L, A, WA 5 E FRE 28l EE 2008). #2pa=m]ARl A A P FHSFEES 5HH ) o
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3 ANl Agste] AL glon, ojfel e ofdth

FE20 golglo] =] W] SHAHAY ol W B AL FFHe] SAHA] AL A R
258 Qlold F242 XS AL Glek E AFEBO] FoAT Y B4 Bk she, ot
o5 2 sl f71R0] wet ol Belels B4 B AR B4 /MoR S A4S Bkl
2 7T glon], A9 W Belaety Holud B4S  shuAlEAY BAd] Bagd /|EA4RE ARSI ek
wrstel oux 55 wefsh SAE /3 Yck

0

O

oflt -

%3
2| s o] AESH B SasiAHEA AL tiE
pAzEge] SARUHYY 442 Zwws oo
(Ward, 1992; Rosenberg and Resh, 1993; Dolédec and
Statzner, 2008). =] s} Ao =2 A AA digdF
£52 olg3k ABASL 1970t e AEo] fo
T2 A E=X|4x(Group Pollution Index GPI), $HL+2 &
Z|4>(Korean Saprobic Index, KSI), A XA gL+ 35
& AJe(Ecological Score of Benthic macroinvertebrate
community, ESB), Z3AYEX]4x(Total Biotic Score,
TBS), $H EX]<>(Dominant Species Index, DSI), A A]
%=X 4(Benthic Macroinvertebrate index, BMI), * 4%
£33 A 4x(Benthic  Macroinvertebrates  Streambed
Index, BMSI) 5 BEXAE B3 4, F HgA, AHA
P20 AAAE WA 4 gl R W] ATEn
QItHChun et al., 2015; Kong and Kim, 2016).

A FoE ddolA a38E dA4te ddol bE 27
3o #3x 54(Kwon et al., 2012), T 2 4214
FZI7F 2% B u]X= 93KRhim et al., 2007; Park
et al., 2010), F5xo A AFFE offF Y #x
EAJ(Choi and Byeon, 2009; Byeon, 2011; Kim et al.,
2011) 59 A7 A=Ak Sl gk A2
TARERS] W R 4, Feel) vrled, Ad7dEe]
Ao ATl tiek d- 5o o] Fo| FtH(Byun et
al., 2007; Kwon et al., 2008; Lee and Kwon, 2014). 345
& TAE e E HAAE dFE= Kim(1968)0] 23|
Boe BAANANY G shRE dde R Fe AR
AL dEFES AT 7150] 9o, o]% Yoon et
al.(1993)°] ©Jsl Kim(1968)9] ¢15-2} H|us}o] 4=Alt3
T A7 S AFeriTh E3 SR A2 A=At
A3+4 7] 22 AHCha and Yoon, 1997) AF¢1Q] d3to g 4~
9 QT shHQl BAARHS HUE Y 2AE S8 E ik
2|t Lee et al(2012)0] oJsto] FF< W] =8 ¢4 4
SAAS ddeR AN dEFEFsES BUEHT
S Tt om, 4d TR Fos Y AAA HEF+
H3sE HUEPES AAISHL Stk oY F5rud o
dol= AXAE dFdFeas Tt ot s &
ool gk A7t A Ao AXAY HEFFHF=E=
24 9 A 2UEY A5 diRteln, I A

2 54w Bl HE7] Tt AT Roln]

il

EH
=

o1

1. ZAXIE H A7

0%

Fow A AMA @A E A IHeS
4 e FeAT 3 AT Feees Bk S
570 A1) ARE SR F 871 AIHBS 1~GS )
st AEE 2AKGE)E AABHITE A7 = AAA
@ AT ARt B Ao sk dSAde
sl 20164 49 78~49 9L(12D, 7¢ 27L~7H 29¢
27}, 94 19~94d 3A@Ahfl HAJIALH, 2} AR
(Figure 1)¥ GPS&= th&3}

E127°08" E127°10° E127°12°

(N37°45'17.3",E127°09'57.4") 37937

Figure 1. A map of study sites in Gwangneung Forest,
Korea.

BS I: A7|% ZAHA] AZS o]Zg(N 37° 46" 34.78",
E 127° 08" 43.58")

BS 2: A7|E ZAHA 255 AN 37° 46" 17.437,
E 127° 09 54.74")

BS 3: A7|%= ZAHA 255 AN 37° 457 16.84",
E 127° 107 05.73")

BS 4: A7|% ZHA| 28-S AE(N 37° 447 57.19",
E 127° 10" 19.67")

BS 5: A7|% JoFFA] 248 HEH (N 37° 44° 55.617,
E 127° 11°29.84")

GS 6: A7|% ZHA A28 AEL(N 37° 45 27.82",
E 127° 09" 47.80")

GS 7: A7|= EAA 23 AN 37° 457 07.69",
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E 127° 09 42.51")
GS 8 A7|= ZAA £25S AE

—-=49a T10

E 127° 09° 51.517)

(N 37° 44" 53.51",

2. ZAMLH 2 2

1) A

549 AAY UREHEEE okl 2 27 54
B2 g5 42 Qlo] B 9 BEAR AHS
Agato] AABkickFigure 1). B BS 12 5734
Astol paE goln, BS 2 3717, A9 9@ mxo]
1sjof 215] e Aol o] gal4jie] 37 A
He AR Y5 F AUGS 3, 97 A U ol2H B

o|7jo] o] g3H= 17] A(BS S)olm, 4835 W=7} 30%
ojfoltt. A= BS 15 Alefgt wA] A4 Wi =i
2] ol XI5, ZAXH] 495 HEL 80% oA
o2 9 2 Holch AL 19579t vt
AT shRe] oA, B sl A 5o AR s e
Ao AJo] YolAth BAARR O] S AYL. chEl g Z oia
sestol BEQAERS, SR, Ak e
o] ARt 74]% A2 Auk AR A Y 0 R A S

24 g AR s Aol Bew A9
AP 752 1,509mm, 18]31 AP 712 11.6C ©|th
2) =g EAL
Fos ddle] SR F5 WY ARE shdoA
=04 SRR AR 1, AL 5 R S
TE25 S AT #4523 Digital water velocity

meter(FP111)E ©]-&35F o, F4-3F2 2|54 7|(Nikon
Laser 12008), 27 2 B2 o gsto] Z4ssick s14<]
HEE2AA= Cummins(1962)2] HHE 21-85}0] boulder(>256

mm), cobble(256~64mm), pebble(64~16mn), gravel(16~2mm),
sand/silt(<2mm) 2] STAR FLESFe] vlEE E7|5F9tH
(Table 1).

M
(=3

=P

3) MMA ERNESE AN ©

XA AR BREAE 3
Surber sampler(30x30cm, mesh size=0.2mm)E- ©|-&-35}
ZAMA Y Z 33(riffle, run, pool) A% A 7s}Ac) E
AA P A FE= kS wotstr] fls) A
PR =32 SZE A (hand net, mesh size=0.5mm)E ©]-&
stol A< Hastelon, hre WA AA(E B, M
Ay, Sz W el Aol Sl Saelich AUT e
HAol| 4 96% Ethanol2 1173lo], AdlAz Hl & 35
#u)7 9 Yen)A olgsto] SRSl A B
Yoon(1988, 1995), Kwon(1990), Won et al.(2005), Park
et al.(2008), Jung(2011), Kim e al(2013), Kwon et
al013)% FE3lel AT, FehE Aol ofele A
B2 I(family) T <(genus) =04 sp.2 A 2|5}
240] olgsteic.

Aok 24 87 Ae] SMEE ARE Bhle AU
SAES Ak TS AXISIO0, U 2Bl
w2} 72 7159 2] EF(Indicator species analysis)(Dufréne
and Legendre, 1997)S 24510 A %5 B4 £ T4
9 Hl o) upgl X EfH(Indicator value) U (-2 AlE
ston, AxF B4 AvHs Q%G 650 ool & 9
p<0.059] e ek 4 5 9 A EF B4
217 R9] ‘vegan’ (https://cran.r-project.org/web/packages/

=0
=

2]

23 &
3 H

A2

3 A%

ox 1 9 of

A F

ZzEO

o==

vegan/) Y ‘indicspecies’ (https://cran.r-project.org/web/

2 gk

& EAs9.

packages/indicspecies/) 7| A]
2AF RS B} 27 A

2 =20

BAE FAESE V9] BAEFOR FEste] 24 ‘8}‘2‘1
L), 422 105 961} 25749 §PEALS Ed}o]

Table 1. Environmental data of study sites in Gwangneung Forest

Site Water temp. Stream width Depth Current speed Substrate (%l)
(°C) (m) (cm) (m/s) (B:C:P:G:S)
BS1 9.2 1.6~5.2 13~17 0.3~0.8 10:20:20:20:30
BS2 9.2 22~6.5 10~25 0.3~0.5 10:20:20:20:30
BS3 154 1.2~8.5 5~40 0.6~0.8 10:20:20:30:20
BS4 14.6 55~17.0 7~19 0.7~1.2 10:20:30:20:20
BS5 11.1 8.0~20.0 17~27 0.6~1.2 10:30:30:20:10
GS6 11.5 0.7~1.6 4~10 0.1~0.3 20:30:30:20:0
GS7 10.8 0.2~24 8~10 0.1~0.3 30:40:20:10:0
GS8 14.8 22~45 6~8 0.1~0.3 10:30:40:20:0

*Abbreviations of substrate are: B, boulder (>256 mm); C, cobble (64~256 mm); P, pebble (16~64 mm); G, gravel (2~

16 mm); S, silt/sand (<2 mm).
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(genus) 9] A A} f5gs 245
(Ro and Chun, 2004). o] 3 M4 242 B4
weko] mE e FlEo] qlof mEA FolEHAY
ko] RIZFelA whgsks FEol ofstel A%Hh 154
ol EFE = RS At AR s8] 2
Hotez wgty spofa AEwtye] E5d o 7P WA
T & ITSATS =2 35Ee 2 fdoR uglol
A dojuhs el Aget F, MEAT-S Ay A%
2y} 5ol ¥ Yooz Q9Hel wt wzkslA
el & VEATS 52 AFES 24 35
ol Fo7 FEFT

FeeolAd AR AXY HFFHFEEY 7154
t}oF A (Functional Diversity, FD)-2 434]7|-5w~(Functional
feeding groups: FFGs)T} A]2]7|5+~(Habitat orientation
groups: HOGs) 9] 4 H]&Z &3l 241313 tHRo, 2002;
Ro and Chun, 2004; Merrit et al., 2008). AN * A4
dEFHT=sE 239 542 4% Add A2y =3
T MASE 7Iee 2 ST =A< (Shannon and
Weaver, 1963), w5 x=X|4x(Pielou, 1966), F=rHT=X]4
(Margalef, 1958) ¥ £ Hx=X|4> (McNaughton, 1967)%
Fjol EAsion

4) MEstN stHEI}

WEA oA WAl A GEEAREE A
(ESB)(Kong, 1997), &9 252 2~(KSI)(Won ef al.,
2006), 2 A 5E2]4(BMI)(Ministry of Environment,
2015)E Fdto] EASIT ESB Al BE E33 AAA
A FAT =] TEEHHQ)E ilsto] o< &St
Aoz gGrpshs WO E SR E 6HAR Yol Bt
otm, o weh AT EY LpEAFol HrbE
ESBY| s 4 B7b= 127 ofste] f-e-Ewdst 29474
T ~81 o] o] mje-Fodt FpHAH T o R SR
KSI2} BMI 2= A8 A7 B7kshe A= A&
AETS 212 1008, 15352 A7gsto] LeAEA] 9 A3
VA5 AEsto] kst WH o R Fgrof wel e
Sool WA, S EHE B7Ieich KS19 AEsa-2
Z)AALE](0.0~<1.0), SFFTAEN(1.0~<2.4), REAE(2.4~
<3.6), EFAEH(3.6~<5.0)2 LE3IF on, BMIQ A&
SHe FAEI(80=~=100), FT/FE(60=~<80), -5
FH(45=~<60), EFLH0=~<45)%] 45722 235}
of S EHE TS

0El

5% A ANY GITHFER AL 196815
201637 % 53] A o]l H.om, 3 Kim(1968)

I} Yoon et al.(1993)o| A= A4 g R 255
M F HYE " IR w2 SIS de

I =
2APE 4 Sk webd BAo] SRR SALFY B
QPN AW A1 EF AR o) gstol ] B4
om, o]F $J3) M AP WHsH= BAAHBS 42
oz SHAEF Bue vt
Z 1}

0|

1 HMY HYPESE

0z

B Aol W AL NP FH=E
87 172 563} 11450 ZAEIROB, A A SE
87 162 463} 93% 4,6697/477} &35} ATHTable 2).
ZARAHE R = FAAP Y SR &35, fgol
oA om B3, cjgo] Wk BS o4 H 254525
0 1% B SRS FAST AUk AARE
BAAHS] Shgelo] 1313 BS SOIH 718 £ sloE
LERtom, ZiAl7E dHiA o® =2 BS 2, 4, 5= 7=l
O|&ol= S =(Hydropsyche kozhantschikovi)@} Z1u}f
Z =) (Cheumatopsyche brevilineata)7} =74 £33t 23}
o] tH(Figure 2).

G Ao 83871902 74 Thepe] 9k, v
FTHHFsEE AT EE dAlsER dFsE
W) E 128(12.9%)0] ZAEILE $AELS 5, 7
Kool 4] $45to] AAISH 515k ] 2 (Ephemeroptera) &
305(32.3%) & 7 =2 S e, s
(Trichoptera)©] 165(17.2%) 2.2 o} &slct. @Gl st
W/de] 7t ] s(Diptera)o] 128(12.9%), B2 o<
A& st= FHAkE]E(Odonata) 7} &g 2 H(Coleoptera)©]
242} 95(0.7%), SE(54%)0] FHINAT. AsA o] 2
Hixst, AA4dLS 7= A= E(Plecoptera)©] 5
FEA%) O HIA Fe hopE UEhfelon, 344
Z39l W] E(Megaloptera)¥} =¥ 2| = (Hemiptera)
o] 77k 25.2%)0] AT
=d WA= HIZSFol A 324714|(6.9%)7F A3
on), BERAHE aholo] L8saA39.7%) 2 71
SABHA Sk, theo = dieeii 1,333714|(28.6%),
ah2] = 85870 A|(18.4%), HAtel s 141714(3.0%), =
87T7HAN(1.9%), TgH=5 5370A(1.1%), WA= 15784
(0.3%), =A== 470A(0.1%) 59 o2 Edsrh

20 % sl
= & S

rk

> oo
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Table 2. Individual number of benthic macroinvertebrates from April to September, 2016 in Gwangneung Forest

Phylum Class Order Family Genus Species
Platyhelminthes Turbellaria Tricladida 1 1 1
Nematomorpha Gordioida Gordea 1 1 1

Mesogastropoda 1 1 3
Mollusca Gastropoda Basotfmatoghora 3 3 3
Bivalvia Mytiloida 1 1 1
Annclida Oligochaeta Archioligochaeta 2 2 2
Hirudinea Rhynchobdellida 1 2 2
Amphipoda 1 1 1
Crustacea DeEapI;da 2 2 2
Ephemeroptera 8 20 32
Odonata 6 13 14
Arthopoda Plecgptera 3 4 5
Insecta Hemiptera 1 2 2
Megaloptera 1 2 2
Coleoptera 6 9 9
Diptera 8 14 16
Trichoptera 10 13 18
Total 56 91 114
a5 1400

1200

1000

800

600

No. of npecics
No. of individual

400

200

Gwangneung Stream

Gwangneung Stream Bongseonsa Stream

Bongseonsa Stream

Figure 2. Number of species (mean+SD) and individuals (mean+SD) of benthic macroinvertebrates at the

sampling sites in Gwangneung Forest.

A% 28I BAAH 189 £ agon FhEs
(Figure 3). 15 12 B3AAPCZ FEE= AR 6, 7,
Sl A 1215 BAART AR TSR Aol
ZAFE 3H RARRR 0] &390, T14F Toll SAlAR ol A
ZAHE 2, 4, SH 2ARAR 1AL AlFollA] 2ARE 1] A} .
A3o] st

3 24 s BEUR ARF £4S AAR 2y
IF IoAe froldhp-value) 0.05 o|5+] RFofRt A EFS
Ve A] ogton, T Tolie dF FolAl fonigt
AEFo] FAEUATE 65.0 o4 &2 A 3Egh(indicator
valuey& 2= F2& T1E 1004 58, 15 oA 1650]31 e
w, 15 [19] ZeheloNDugesia japonica), W25FF4A10]
(Baetis ursinus), 7446124 0|(Nigrobaetis bacillus), 72
T%(Chironomidae sp.), £Z4 W F(Tanypodinae sp.),
9y ¥ kg edE xFste] 730 on e F
S& 245 tH(Table 3).

Cluster Dendrogram

09

Height
08
1

05

04

03

o~ -

Figure 3. Cluster dendrogram of composition of benthic
macroinvertebrate community in Gwangneung
Forest. Numbers in diagram indicate sampling
sites and lines reveals two groups divided.
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Table 3. Result of indicator species analysis between two groups by clustering analysis. Species of Group I exhibited

no significant associations (p < 0.05) but those of Group Il revealed strong relationships. Species that have
maximum Indicator Value (IVmax) above 65.0 were listed

Species Max group IVmax P
Gammarus sp. Group [ 69.4 0.2889
Lepidostoma sp. Group 1 68.6 0.2030
Ephemera strigata Group 1 63.1 0.2010
Nemoura KUb Group [ 68.3 0.1728
Davidius lunatus Group I 89.5 0.1464
Dugesia japonica Group II 100.0 0.0268
Baetis ursinus Group 11 100.0 0.0268
Nigrobaetis bacillus Group 11 97.8 0.0268
Chironomidae sp.1 Group II 93.4 0.0268
Chironomidae sp.2 Group 1I 82.6 0.0268
Tanypodinae sp. Group 11 84.1 0.0268
Hydropsyche kozhantschikovi Group 11 100 0.0268
Cheumatopsyche brevilineata Group 11 95.9 0.0268
Antocha KUa Group 11 95.6 0.0628
Baetis fuscatus Group 1II 92.2 0.0628
Tubificidae sp. Group 1I 80.0 0.0824
Procloeon pennulatum Group 11 78.8 0.2496
Epeorus pellucidus Group 11 74.5 0.1404
Uracanthella punctisetae Group 11 74.1 0.1404
Chaetogaster limnaei Group 11 70.8 0.2551
Lamelligomphus ringens Group 11 66.0 0.3725

(Figure 4). BAAPES A&l A<} gl52o] &2

[ EA 7 (Heptageniidae, Hydropsychidae)2] H]-&o] A
Aoz #A vehew, 35w AFe Ao Agdgat
3]EFo] ¥ EAIF(Perlidae, Nemouridae, Psephenidae)
of wgo] %A UebgT mebd BEa AR H4A
S SAAAR Hlsto] algto] HIZtRl FE50] Wol #iL
o 9 A pAsgel FIHE G 294
79 % Lo Adsjo] olo] HE FE0| B Aew
U}

O

Chd

)IIE

2T A DBRAZELG ol 83 FRGs 24 23
(Figure 5), AA|Z o2 FHo}H =X g](Predators, PR)%}
ol =X g](Gathering-collectors, GC)¢] F5°] &=
0| et 384 ARGS 6~8)lAe Szt
7o Fo01x13 7| E(Coarse Particulate Organic Matter,
CPOM: > 1.0 mn)S 28 AAY0 2 31 Hojm =ty
(Shredders, SH)Q} 7| Zlo]| £o] Ql= Halxg =8 AAlsl=

o=

o= -2|(Scrapers, SC)7} =7 Ut A3 A0l ARE
AT E4= Ul lslen, AFet g3k BS
3o A= ARG 5%‘% e AL QIS ol2jjt 54
dolA E7IER7IEEE ol8ste Fevt =4 UE
U= OP?iﬂ—ﬂHﬁﬂ A5t (Allan, 1995). 7§ A=<l
95t FFGs #4143 71=%A}8-7]E(Fine Particulate
Organic Matter, FPOM: 0.5 um ~ 1.0 mm)S 58 Ho|g o
2 AseleE HopHER(GO)Yt A Y= -gl(Filtering
-collectors, FC)7} S-Al5HA| &@3t o, JsL = Aol
A= e Edo] A5t “*Oi‘j*L?ﬂ(SHV} s
Aoz =4 vesth S /FA8BS 2)at 5 5kFA]
ABS 4)ollx= Aoz Ao =g (FC)<l 77“?5”
Z7F = vebgten, Ao eiee 34T A
Ao g FHI oS ATshe FE2 of&(Riffle) X 4
(Pool) #|&le] FPOMo] 7]¢lst Ao g sctET)

HOGs 24 Z21KFigure 5), %2 2=52|(Clingers,
CG)7t fAleHA E@staon, ZiAlgell oAM= Fds+
AYol(Ephemera orientalis), 5L 5+ 2 0| (Ephemera strigata),
ZruSt2(Chironomidae sp.)2] £ w7} w=of ZFu=5g]
(Burrowers, BU)7} AJti2 o= =74 &4 %ok

FAEA = Ht 0.48+0.100]903L, A7 GS 894
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Figure 4. Analysis of stability factors with resistance and resilience at the sampling sites in Gwangneung Forest.
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Figure 5. Composition of functional feeding groups (FFGs) and habitat orientation groups (HOGs) of benthic macro-
vertebrates in Gwangneung Forest. The abbreviations of functional group are: SH, Shredders; GC,
Gathering-collectors; FC, Filtering-collectors; SC, Scrapers; PR, Predators; PP, Plant-piercers; Bu, Burrowers;
CB, Climbers; CG, Clingers; SK, Skaters; SP, Sprawlers; SW, Swimmers.

03302 7P WA yeiyth et $7=E Aes 4, SHEEEIL X+ 2
S =ol whdlsto] Uebgon, 7 %#J GS 89
thofw ol TR e R4l 747k 253 W 4228 PO 2 27 H7hel #¥E ESB, KSI, BMI A5 247t

Tl ARISH= By SIRA Mo (Ephemera strigata)7} -85} ZA3Table 5), F=<% A5+ GS 8|4 ESB 6374, KSI 0.55
of Uebdt. W2 SAAR BS 1oA= 2] W %! BMI 8995 L}F/Hﬁoi 7V 2 A vER e,
Aol =2 Zu}F(Chironomidae sp.2)7} $-Hsl Tt TAST 94 538 FARsd o2 Yelgtt A4
(Table 4) Hoz FYFBY e BRAR UGS 6-GS 8)2
T2 9 A w7 AL ofe- et AR B
FASEAL Q= o= UEhyith 2y BS 13 2 o]
A AFIM = o] 7P B2 MsHe 294070
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Table 4. Biodiversity indices on benthic macroinvertebrates at the sampling sites
Site Dominant species Subdominant species DI H’ E RI
BS1 Chironomidae sp.2 Baetis fuscatus 0.68 1.56 0.66 1.93
BS2  Cheumatopsyche brevilineata Teloganopsis punctisetae 0.43 2.15 0.78 2.86
BS3 Baetis fuscatus Chironomidae sp.2 0.39 2.17 0.89 3.17
BS4  Cheumatopsyche brevilineata Hydropsyche kozhantshikovi 0.48 2.34 0.73 4.35
BS5 Ecdyonurus levis Cheumatopsyche brevilineata 0.50 2.21 0.71 3.80
GS6 Ephemera orientalis Ephemera strigata 0.53 2.13 0.77 3.47
GS7 Ephemera strigata Gammarus sp. 0.50 2.13 0.77 3.36
GS8 Ephemera strigata Eubrianax ramicornis 0.33 2.53 0.85 4.22
Mean + SD 048+0.10 2.15+028 0.77+0.07 3.40+0.78
Table 5. Biotic indices on benthic macroinvertebrates by the sampling sites in Gwangneung Forest
Site ESB Saprobity Grade of WQ Area determination KSI(Class) BMI(Class) wQ
BS1 25 a-mesosaprobic I Priority improvement waters 2.13(B) 62.7(B) Good
BS2 44 B-mesosaprobic II Protection waters 1.46(B) 66.2(B) Good
BS3 28 -mesosaprobic i Improvement waters 1.48(B) 68.9(B) Good
. . . . Good or
BS4 74 Oligosaprobic I Priority protection waters 1.00(B) 83.0(A) Excellent
. . Good or
BS5 67 Oligosaprobic I Improvement waters 1.16(B) 81.2(A) Excellent
GS6 52 Oligosaprobic I Protection waters 0.49(A) 85.6(A) Excellent
GS7 54 Oligosaprobic I Protection waters 0.58(A) 90.9(A) Excellent
GS8 63 Oligosaprobic I Priority protection waters 0.55(A) 89.9(A) Excellent
Heolom B et F 0479 A TF0] BaLE o] Site| B} Y=ol
Fow Guolr Hddid oz befsH Fdske Aoz 4
5. =MIZESEe Hal = .
o= A 474—r51 A LA A A
B SAS GHOR ANT A RAEY, SAERS 239 2E F4 WSS 2AVE ZPE4S o
#659] FsigloniKin, 1969, sl svimmery) A 0w BAApS) Ao 71t S e
o] FE50] 53| thFsiAl veRdth FmeEe] 9 4% %o 92 tHFigure 6A). o] 19974 o]% &}t ]%ﬂ IS o]
U adoR FEsGon, FUEYst BE A il BN B4t SUIGeH, AT BAs) T2 §7]8e)
S A02 Uehitl o1 Yoon o al(99) 2 402 dlstel ol Helglow st Felo) 2
I pAEFE 139F0] SASHAANE IA FLAAIF A9 Atz FoHEh AR AR o pAEF0] F2A

stRAo| R}l FralFe] £33 tad 2o FRIFrt
B3 Al 2 d3 ARG g7t 13.3%0014 36.2%
2 371 Aeg Yehd AiF oz ool digh Widol
A3t FE0] FUIe AogE EAEQH

Cha and Yoon(1997)0] Q]3] % 58%9] SraaZo]
Fdatolon, stRatolRet AxtE|Re] Fdo] W2 Ao
olg] . 2 Lee et al(2012)0] ajaE s}2Ato]=
29(26.13%), GEEE 222(19.82%), T 18(16.22%),
FEAE 8F(7.21%), A5t WA dey o) 7zt 7%
(6.31%), =R 23(1.80%), WAAIE] = 13(0.90%) =

[ A

oA M3 Yehfa Qledl, AAH R shfato] o
MATEo] A& o= LA8HA &35S th(Figure 6B).
T, TY RARAHOA FEEEE 1968 o] % ¥HEE|R|
okokoit, 201310 RAMA] ThA] EEEI91TL, 2016 £

FAAE BVEK] Rtk FEE FAAAL Frene
A2 7 skl Tt Wgstel 219l 47| MES
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Figure 6. Change in number of species (A) and composition of aquatic insects (B) from 1968 to 2016 in Bongseonsa Stream.
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