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Abstract

The 5th National Ecosystem Survey(4th year)

The purpose of this study is to understand the current status of the
natural environment and biodiversity of the ecosystem through surveys of
geomorphological landscapes, vegetation and animals and plants
distributed throughout the country. The obtained survey data is used as
basic data for establishing and operating an efficient management system
for national biological resources, and contributes to the establishment of
systematic natural environment conservation policies and the renewal of

Ecosystem and Nature Map by providing updated data.

This year, as the 4th year of the 5th National Ecosystem Survey, 164 out
of 780 map sheets were surveyed. The survey were conducted to
investigate the habitat status and landforms and vegetation conservation
level evaluation in 9 fields: geomorphology, vegetation, flora, birds,
mammals, Herptile (amphibians and reptiles), insects, benthic

macroinvertebrates, and fish.

As a result of the geomorphological survey, 183 grade I landforms and
428 grade II landforms were evaluated. As a result of the vegetation field
survey of 158 evaluation units (1,632 maps) of the 1-grade area in ecology
and natural map, the main communities were identified as Pinus densiflora
community, Quercus variabilis community, Quercus mongolica community,
and Quercus serrata community. In addition, a number of areas where the
vegetation conservation grade were found to be lowered due to forest
damage caused by planting (such as Pinus rigida, Pinus koraiensis, Larix
kaempferi, Castanea crenata, Robinia pseudoacacia) and logging, development

(such as forest road construction), and forest gardening (thinning).



As a result of the flora and fauna survey, a total of 754 families and 7,399
species were identified, and 20 endangered species Class I and 60
endangered species Class II were identified. Landforms, vegetation
conservation level, and endangered wildlife habitat status data will be

reflected in the Ecosystem and Nature Map through GIS-DB construction.

In addition, in order to improve the precision and efficiency of the 5th
National Ecosystem Survey, a citizen participation program (520 citizens)
was introduced at the same time, and 2,534 species and about 20,000
ecological data were collected. in-house research projects (8 fields including
vegetation/10 tasks) were conducted for the improvement of the National

Ecosystem Survey methods and system.

Key words: National Ecosystem Survey, Biodiversity Survey,
Ecosystem and Nature Map
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LED light (Green) 520
(W) 28 x8 584 A5
- HAlgo|E Efo] &85+ FYUBL_UV)H A+ LED 3% &
d3te] A3 v 3 uEe 3 FdE 29 584 AF
- (R=AMA R
- 65 503 200%F FAYE(121 7F), B JYPFoz FF

S7F A
T 630l A 47HA Fel £3E oFPA

N

115 743} 284%
LED G 6% 333} 715 125704,

951

A sow g

O

ol

A B4,

)
A e AL R Aol E

MA,

Z 1158 923 430= 2,03670A17F Fel=glo
LED UV 9% 643} 277%
LED B 6% 303 56% 1127

84871 A,

MA 25 BL_UVS LED_B, LED_G
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B9 o1}, BL UVS LED UVE

WA ol A ZFol 7}

o)l o
AT

Zteld == 3! 7= ANOVA
Sum of Mean :
Squares El Square 3 Sig.
Between Groups 26062.333 3 80687.444 123.081™ 000
& Within -~ Groups 1411.667 20 70583
Total 27474.000 23
Between Groups 102558.333 3 34186.111 33.706™ 000
IHH = Within -~ Groups 20285.000 20 1014.250
Total 122843.333 23
™ p<.001
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Scheme of TESB. AESB according to the criteria of BODs, TSS and TP concentration
Class BODs TSS TP 71 A8 _
(mg/L) (mg/L) (mg/L) TESB | AESB TESB AESB

A 1 | 2.5 0.010 82 l 3.7 140 3.6
B 2 | 5.0 0.035 63 3.1 92 3.1
c 4 | 10 0.100 | 35 2.6 a8 | 26
D 8 20 0.300 15 2.1 1 2.0

* TESB=—7366 —3333InB00; —656ln 755—15651n 7P (r = —0.85)

**AESB=—3.32 —0.66IlnBOD—0-06TIN TP (r= 0.88)

HMNHEPHEEE MEHTS 280 P Mel BIIS3F 7IFE(RY

B & D c L -
ESB TESB BMI AESB

rJ

—_L
=
AL w7l 24 A xQ] BOD6e BEA 7T 7|<€ ESB2] 4

-0.82, AESB= -0.88% AESB9}¢] At

O

fr= 72 (Total Suspended Solids: TSS)# =A% 7|& ESBY
-0.66, TESB -0.66, AESB - 05622 2|3t a3

4
4

BREFRET 4AL ofrlste] AAFERIMAAE AEsie
= T-P)3 WEX % 7]1E ESBY A#AA S

-0.78, TESB= - 0.78, AFSB= - 0.72% w]-$- F2J3F &9 #AAE K

rr

Z-<l(Total phosphorus:

150 250 5
= y =-42.2In(x) + 97.51 (n=45) ° y =-51.80 In(x) + 116.32 (n=45) y =-0.71 In(x) + 3.55 (n=45)
49% r=-0.81 (p <0.001) 200 r=-0.82 (p <0.001) 4 e r=-0.88 (p <0.001)
- 100 .f ° 2 150 ° 2 %{. .
a . o 3
= . e £ 100 i Z Ty 2® o
1o g @cluss A - 402 ©
ey ;: o ©  odmn 50 {e .g % - & 2 il ™
° "Ce.... © @class C 03 m& °
o - 0 1
0 5 10 15 o 5 10 15 L 5 10 15
BOD; (mg/L) BOD; (mg/L) BOD; (mg/L)
150 250 5
* y =-30.74 In(x) + 127.36 (n=45) y =-37.52 In(x) + 151 50 (n=45) y =-0.41 In(x) + 3.81 (n=45)
3 r=-0.66 (p <0.001) 200 r=-0.66 (p < 0.001) 4 r=-0.56 (p < 0.001)
100 {:&e v
E’n} a 150 g 3
a 2 - = = °
50 = 100 o <
B * & ’
s~ ® & o
0 a a 0 : |
0 50 100 150 o 100 150 o 50 100 150
TSS(mg/L) TSS(mgIL) TSS(mg/L)
150 250 5
° y =-36.18 In(x) - 33.36 (n=45) ° y = -43.93 In(x) - 43.04 (n=45) ¥ = (0.53)In(x) + 1.55 (n=45)
O.Q% r=-0.78 (p < 0.001) 200 r=-0.78 (p < 0.001) 4 ° r=-0.72 (p < 0.001)
100 L4 ° -
2 ‘.__). E 150 %' 2 R .
= .. ° =100 { ¢ © < LT ®
Ca o® 5®y....0.
50 ® - e . Se g e B -
2T &2 ° 50 o® g 2 e o © ¥l
N *8 %% g O R Oe & ‘o"'o S.ag. 8 .
o 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
TP(mg/L) TP(mg/L) TP(mg/L)
— =3 :in |_ o | inlBnl H it
BOD5, TSS, T-P2t St Atell HotA o] Aataty Jef=
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3 4 AR ATE I TRAY ZAGA A A
of A o 2 gotohel | AMENSE Zal2 5 & (km)
| 53 -
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o2 7 M (km) g2 7 ™ (km)
M= 1,159 (100%) | 56.93 (100%) | 1,159 (100%) | 56.93 (100%)
AxHF T 50 (36.5%) 2.41 (44.5%) 58 (42.3%) 2.49 (45.9%)

AX|EE 2l 29 (21.2%) 1.05 (19.3%) 28 (20.4%) 1.36 (25.0%)

i shuta - - 3(02% | 005 (0.9%
o NE 55 (402%) | 183 (338%) | 41 (20.9%) | 135 (24.9%)
7| EfAl M 3 (2.2%) 0.13 (2.4%) 6 (4.4%) 0.18 (3.3%)

H| Al A - - 1 (0.7%) 0.001 (0.02%)

A 137 (11.8%) 5.42 (9.5%) 137 (11.8%) 5.42 (9.5%)

MR A EHTE 113 (77.4%) 5.08 (92.0%) 85 (58.2%) 4.03 (73.0%)

AX| A A 2 28 (19.2%) 0.32 (5.7%) 35 (24.0%) 1.29 (23.4%)

Ax &M - ] 4 Q7% | 009 (1.7%

S5 o Al M - - 3 (2.1%) 0.02 (0.3%)
AlA 4 (2.7%) 0.11 (1.9%) 8 (5.5%) 0.05 (0.9%)

7| et 107 | 00208%) | 962 | 004 (07%)

] A4 - ] 2 (14%) | 0002 (0.04%

A 146 (12.6%) 5.52 (9.7%) 146 (12.6%) 5.52 (9.7%)

460 (52.5%)

23.95 (52.1%)

418 (47.7%)

25.91 (56.3%)

MR E A E 339 (38.7%) 19.81 (43.1%) 226 (25.8%) 16.25 (35.3%)
e MX|EMHE 3 (0.3%) 0.01 (0.03%) 27 (3.1%) 0.29 (0.6%)
=T N 53 (6.1%) | 138 (30%) | 132 (15.1%) | 246 (5.4%
7| EtAl M 21 (2.4%) 0.82 (1.8%) 61 (7.0%) 1.03 (2.2%)
H| Al A - - 12 (1.4%) 0.04 (0.1%)

A 876 (75.6%) | 45.98 (80.8%) | 876 (75.6%) | 45.98 (80.8%)
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A7ge] ABE B4 ol of 40ofdel SALE Fa) T $4l Agsta
@ A obd WHAA e ABAS TFSHA o 008F /1 e Row
93 YEME, 2012 Primack, 2012). o|d@ ABASE 247] e 54¢ 7T 9
o, 283} o] T WA S M A8 Aoprkd] 27lo] HE AETIA]
o} (Gaston & Spicer, 2004; Sodhi & Ehrlich, 2010; JME, 2012; Primack, 2012; ESK,
2013).
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EOF Alare] H3ho] Al 8 tNaveh, 1994; Lim et al, 2020).
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A vitho A vtE folQEAY F2 ¢kl o3 EElE 4 vk ¥ =9k
< Tz AAAE AFFE o719k AoRTte g Yl UEH ks Jla B4l
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g% JEAE glom, v Ax3 Fo] U wf- T BHE ok ke
53] HE, AF =T 129y TS werh wEA olEd A2 e EAAHL A
2153 ggAE0] O3 Ak EEAES FF Aol JAEAY nige] 71
A2 HE 259 GFS e PibolA AlFsle] 20-30m Eol7HA] ZHakEA
Fob Aok Fd QfFo] % AR R AETHS AN s A &
a1 QItHWilson & Cullen, 1986; Kennedy & Dickson, 2007, Ramesh et al, 2017).
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P L st F=He FQ AEASA| o)A T A (Jung & Kim 1998; Kim et al,
2009; Shin et al, 2015) ¥ A<5A(Min, 1985; Lee & Kim 1988; Thm, 1989; Lee, 1989;
Ihm et al, 1998a; Thm et al, 1998b; Kim et al, 2005 Han, 2008; Lee et al, 2009; Lee
et al, 2012¢ 2] FHolA AY A7} o] FoAA] Fokt aekA el Tk AT
oA Auage 71hs] 7jed F=ola(lee et al, 2003; Song et al, 2008; Song et
al, 2009; Choi et al, 2012; Kim, 2012; Kim et al, 2013), sjtds 2AS FHo=Z
O& 4= ZEHJung et al, 2019).
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2. AHEN 2 HARASIRY B}

AHZAE 24, BEDA) 2 2EGAe] 22 1x 1m 5x5m 222 10 x 10
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m d+23 9 x3

1. E1= 500m ©]F v|RAR Y AR

B AT A - AAE 157 A9 W vz ES e A3 7R3,
FABA/M, 397 olahe A&t ZAIRAE Mgk 1 AR, A
S = 53570 AHEF: 312270, FH: 1,65570, 5= 5807H)o] a1, WA -2 58.86km’
(5% 3856km* , 4 9.97km’* , P 10.33km* )OIATHE 4, 17 1. 1l AR
ASFo e ARG BAL qMEASTE 150 ANEASE 1538 o
WA UeRdy, AN 28 & 9 dAe ANRASE 1590 ANRASHE

155 2% 09 3 B3A90] S9A%3 guAenct o A ek

F 4 AHANE 155 #9 W s = 500m o] HZARRA S ZAGA] A A

AMENEF of A o Za|as = 5 (km)

g 328 591

| 53 8 1 0.06
SL 6 0.10

A 335 6.07

g 2,794 32.65
sz 8 1,654 9.91

=5 574 10.23

A 5,022 52.79

* MEf-XtdE 155 A W sHE0T 500mol4t ol =ALX|] MA| H& (km?): 58.86
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2. A4 A Az
7 BN AR

AW FEL 71E S FHCRGRE]rE, XA RFE, ARFAE, A,
71EF2] AY) ol A Q= THIE )

SE) -sm%, 044 50| F7so] 87 o]
AA HANA ARG 34
T A oiEl sk,

289

3 5. UIAE 500m o] IEAA| Y] FAAAFE A AT
TE A =AF A3}

MBAMTE EZz2 £ = & (km) Zz|2 =& (km)
MRt g 4,025 (76.5%) 50.12 (85.2%) 892 (16.9%) 26.62 (45.2%)
Mx| F 47 1,189 (22.6%) 7.60 (12.9%) 425 (8.1%) 3.96 (6.7%)
MREAE 18 (0.3%) 0.67 (1.1%) 119 (2.3%) 2.66 (4.5%)
obE Al 4 - - 428 (8.1%) 1.31 (2.2%)
Stk - - 12 (0.2%) 0.1 (0.2%)
A7 26 (0.5%) 0.32 (0.5%) 2,879 (54.7%) 16.86 (28.6%)

7| ERAL A 6 (0.1%) 0.13 (0.2%) 403 (7.7%) 6.78 (11.5%)

H] Al 4 - - 106 (2.0%) 0.55 (0.9%)
A 5,264 (100%) | 58.84 (100%) | 5,264 (100%) | 58.84 (100%)

« MAXt B2 Rbod 2

oM m2AYo] F7}E o] 67

Agegd o] 714 4l

i

A|H2 71 570 %“‘%‘(*&Xl‘-ﬁ‘
i

THEJT 2

ol Aol 71 We MAS AN 53 WAL 4AYe Bl 3

7] djel oF 1omE FA ZVhEsink
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% 6. WLE 500m o PIEAKYG U Ago] WE FBAYFY =4 A}

Ao | AmAN S il 2 e
zaj@ & | wskm) | Ba2 4 | @Ekm)
M= 5,264 (100%) | 58.84 (100%) | 5,264 (100%) | 58.84 (100%)
MXHHEHTE | 2,263 (43.0.%) 32.60 (55.4%) 546 (10.4%) 18.81 (32.0%)
AX|EE 2l 771 (14.6%) 5.60 (9.5%) 179 (3.4%) 2.76 (4.7%)
o shutey . . 301% | 004 (0.1%
=T
AlA 24 (0.5%) 0.26 (0.4%) 1,941 (36.9%) 9.48 (16.1%)
7| EbAL M 3 (0.1%) 0.02 (0.04%) 168 (3.2%) 452 (7.7%)
] A4 . ] 44 08%) | 026 (04%)
A 3,065 (58.2%) | 38.55 (65.5%) | 3,065 (58.2%) | 38.55 (65.5%)
MXHHEHTT 1,278 (24.2%) 8.36 (14.2%) 199 (3.8%) 2.05 (3.5%)
AR B 2l 362 (6.9%) 1.50 (2.5%) 206 (3.9%) 0.90 (1.5%)
MxIS4E . ] 2 02% | 015 (03%
s5 obey Al M - - 318 (6.0%) 0.91 (1.5%)
AlA 1 (0.02%) 0.04 (0.1%) 671 (12.7%) 458 (7.8%)
7| EbAL M 2 (0.04%) 0.07 (0.1%) 174 (3.3%) 1.04 (1.8%)
H| Al A - - 54 (1.0%) 0.26 (0.4%)
SHA| 1,643 (31.2%) | 9.97 (16.9%) | 1,643 (31.2%) | 9.97 (16.9%)
MXHHEHTT 484 (9.2%) 9.16 (15.6%) 147 (2.8%) 5.76 (9.8%)
AR B 2l 56 (1.1%) 0.50 (0.8%) 179 (3.4%) 2.76 (4.7%)
e MR EME 14 (0.3%) 0.61 (1.0%) 104 (2.0%) 244 (4.1%)
o e 1 002%) | 002 (004%) | 267 51%) | 280 (48%)
7| EbAL M 1 (0.02%) 0.04 (0.1%) 61 (1.2%) 1.22 (2.1%)
H| A A - - 8 (0.2%) 0.02 (0.04%)
A 556 (10.6%) 10.33 (17.6%) 556 (10.6%) 10.33 (17.6%)

« M4xt MBXABATA A
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NERET .
Muals | s £ NEaetes A A En
s9 ao | EAF | (s 0N 2F NEze [ BR[| HE [ E22 [ ey
Z 1} & (km’) 3 (km’)
A 1682" | 28.04" | 432 175"
s T (41.8%) | (55.9%) | (48.4%) | (65.8%)
MRH | 25 41 R ] 481" | 5.41" 51" 157"
- MZLp R -2 AbLLR 2at
o+ | (7650 | (169°% H-E T (12.0%) | (10.8%) | (5.7%) | (5.9%)
1181" | 1021 | 87" 1.20"
MZLpR ALt e ’
HEHE-2HE (29.3%) | (20.4%) | (9.8%) | (4.8%)
o 3,344 | 43.66 570 20.35
(83.1%) | (87.1%) | (63.9%) | (76.5%)
573" | 3.66™ | 142" | 1.71"
ALIR-AZIL R REE
= HE (48.2%) | (48.2%) | (33.4%) | (43.1%)
AKX 5 1 ALtmzE 465" | 295" | 254" | 1.64”
Aoy | (226%) | (8.1%) ST (39.1%) | (38.8%) | (59.8%) | (41.3%)
] 140" | 0.88" 14" 0.36"
ALpR-ZELIR 22
HEEUE (11.8%) | (11.6%) | (3.3%) | (9.2%)
o] 1178 | 7.49 410 3.71
- (99.1%) | (98.6%) | (96.5%) | (93.6%)
8" 0.60"
Soj|Lte et - -
AU (44.4%) | (89.0%)
MZHE 2 =g 2Tt (1637(7) (g'g‘:’/) _ _
5 0.03"
Motz et - _
AX| 1 20 1ol (27.8%) | (4.4%)
2 M 2l 00 OO _ *k ] ok
&4 | 03%) | @3%) | 2z smayyope ] ] (1114;% (?955,0/)
2 0.01 22" | 0.40
saLezet
= (11.1%) | (1.4%) | (18.5%) | (15.1%)
Sl s ma e Det | - - (1516(7) (1053;7)
s 18 0.67 57 1.30
- (100%) | (100%) | (47.9%) | (49.0.%)
1 428" | 1.31"
oFt Al A - otuf Al 2t - -
H4Y (0.9%) = (8.1%) | (100%)
428" | 1.31"
Sk - _
7 (8.1%) | (100%)
HEUT-RRHT =S j j (1627‘7) (550737)
_ 7 ] o 0.02"
sHutg - B ELpR-ZbAbLp R 2at - -
e 020 | HETHTEEHT (16.7%) | (20.2%)
4" 0.02"
HEL E'—_rLé,l‘ — -
e (33.3%) | (18.1%)
o . ] 8 0.07
(66.7%) | (63.6%)
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NEEET .
dpa | sse 2 NEC TS A =M 2o
8 2174 ZAL | (M9 3 A AeZE) | B2 | WY | E2E | HE
B Z 3} - (km") - (km’)
19* 0.79" 20" 0.76"
olH ol Z}+ 0 Al =]
dERAHTANR (17.0.%) | (23.8%) | (11.0%) | (19.6%)
18~ 0.59" 25 0.25
AL AT 2
27 |HEHTEAH (16.1%) | (17.6%) | (13.8%) | (6.5%)
19 29 20" 0.55"
AL RN 2l QlEolZh |2 XH | 2AIXY 2l _ _
SME 97%) | (156%) | = FE-SE AN (17.9%) | (16.7%)
6 0.16 23" 0.61"
FLLE AL KH 2]
HAHTANR (5.45%) | (4.85) | (12.7%) | (15.7%)
o4 A %) 2 3 0.09 31" 0.67"
e 27%) | 27%) | (17.1%) | (17.3%)
s 66 2.18 99 2.49
= (58.9%) | (65.6%) | (54.7%) | (64.4%)
ot 305 3" 0.11" 154" | 4.91"
(50.0%) | (81.7%) | (38.2%) | (72.3%)
=% P 0.02" 30 0.14
°° (33.3%) | (13.5%) | (7.4%) | (2.1%)
3 11 1" 0.01"
7| E}jAl 7l ek x - -
B8 1o | 7.79%) el (16.7%) | (4.9%)
. 178" 1.35"
2R EA ) T (44.2%) | (19.9%)
I ] ] 28" 0.24"
e (6.9%) | (3.5%)
.- 6 0.13 390 6.64
- (100%) | (100%) | (96.8%) | (97.9%)
L ] ] 62" 0.29"
(58.5%) | (52.8%)
4 32" 0.23"
Al — 7l e x — —
"4 (2.0%) e (30.2%) | (41.8%)
10" 0.03"
ol A _ _
A (9.4%) | (5.3%)
- ~ ~ 104 0.52
(98.1%) | (99.9%)
£t 83 124 _ 4612 | 5413 | 2,066 | 36.42
° (100%9 | (100%) (100%) | (100%) | (100%) | (100%)
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%j:fﬁ oA ZAA T}
Us
X| | AbEHAL A NE= R
o 78 L lOE=AR | (M9 3 A AlezEh | Eele | WY | 2z | WX
1 I N ) N )
A 1} T (km) - (km)
o 0.03"
H E L2 KRR 22t - -
sty B 2 (ST AAas (66.7%) | (68.8%)
- (2.4%) 1™ 0.01
B ELR-AlLE 2et - -
SR E AL (33.3%) | (31.2%)
s _ j 3 0.04
(100%) | (100%)
ol =l 2 B AR 6" 012" | 120" | 573"
(25.0%) | (45.2%) | (62.9%) | (60.5%)
2" 0.07" 510 2%
ol 2ol ZH |2 KH |2 AR 2
A2 6 21 RTANE | (8.3%) | (25.2%) | Gaza | (4w
TR (22%) | (256%) 2" 0.05" | 61" 0.61"
NESIBE=PNP =T
PR A (8.3%) | (18.5%) | (3.1%) | (6.4%)
SHLLZAIR 2 7 0 510" 235"
(292%) | (71% | 26.3%) | (24.8%)
. 17 0.25 1,793 8.69
(70.8%) | (96.1%) | (92.4%) | (91.7%)
=2i% 1 0.02" 13" 0.06"
= °° (33.3%) | (71.1%) | (7.7%) | (1.3%)
- 4 x| 1 0.01" _ _
B S EpAl A 3 4 (33.3%) | (27.0%)
T (111%) | (4.9%) 3 %] 1" 100005 | 120 | 4.40
(33.3%) | (1.9%) | (71.4%) | (97.4%)
. 13" 0.05"
=X — _
2AEA (7.7%) | (1.3%)
- 3 0.02 163 4.51
. (100%) | (100%) | (97.0%) | (99.8%)
24 0.21"
7l grx - -
he (54.5%) | (81.4%)
3 - -
H| Al AY _ ; Lix ~ ~ 15 0.03
(3.7%) A (34.1%) | (12.6%)
OFAM X| _ _ 5" 0.02"
(11.4%) | (6.0%)
4 B B 44 0.26
(100%) | (100%)

- 183 -




HETH 7" EAA T}
=
X | AFEHAL A AlEZete sy
o S L lOE=AR | (M9 3 A AlezEh | Eele | WY | 2z | WX
/b N : N ;
> i3 T (km) - (km)
_ 3" 0.03"
MZLE-S =222t - -
HauF-2 T (75.0%) | (55.0%)
1 0.03”
SR et - -
LT (25.0%) | (45.0%)
AFX| 2 15 _ 11" 0.47"
== O_9 3¢ (=] 3 — —
axal | (74%) | (183 | SEHTEFEHTTH (10.6%) | (19.1%)
20™ 0.38™
o E5LRze - -
= HE (19.2%) | (15.6%)
_I?l_
_ 21" 0.37"
LH2-SF LR 22 - -
JleiLt -2 Ey L 2e 20.2%) | (15 2%)
s 4 0.06 52 1.22
= (100%) | (100%) | (50%) | (49.9%)
1 80~ 0.24™
ohed Al AY - oted Al 2t - -
(1.2%) = (100%) | (100%)
- B B 80 0.24
(100%) | (100%)
s34 27 82 ) 2011 | 37.09 | 2738 | 34.39
(100%) | (100%) (95.0%) | (96.2%) | (89.3%) | (89.2%)
Azpe et 453" 360" 31" 0.32"
(43.0%) | (43.0%) | (156%) | (15.8%)
406" 238" 34" 0.15"
Mz R -2 2et
AbX| ke 14 31 HEA (285%) | (2852%) | (17.1%) | (7.2%)
gAe | 636%) | (7.2%) | _ 112" 072" 18 027
| LR -2 &L Ret
HAHF-=8T 6% | 856% | QrH | (132
dadv-eTETTER | - ~ | osn | vems
5174 971 6.70 104 1.09
= B (76.0%) | (80.1%) | (52.3%) | (52.9%)
L] ALpa et 147" 073" 123" | 038"
(40.6%) | (48.5%) | (59.7%) | (42.2%)
] 88" 0.40" p) 0.07
ALlR-ZELIRRE
ARX| 5 8 M= LT (24.5%) | (26.4% | (1.0%) | (8.3%)
xlodA~2] Oo Oo ] . . o
] 1™ 0.13"
ALtR-37et - -
H (0.5%) | (14.0%)
S 354 1.48 198 0.83
= (97.8%) | (98.8%) | (96.1%) | (92.6%)

- 184 -




HETH 7" Al T
=
X | AEAN AEZeey
o £ oo | EA | (@9 0 2H Mgy | g2z | Hm | galz | o
Z o} 3 (km’) e (km")
ESHT- ¥l Ta j j (2530°/) (f é%/)
AFX| 10 _ ] 1" 0.05"
- =S¥ HR-ZEHR2 | - -
Mzl ogy | =TT - (8.3%) | (32.8%)
SrelT== ) ) (813°/) (%?31/)
. ] ] 5 0.13
(41.7%) | (86.7%)
1 318" | 0.91”
of b Al AY - ote{ Al 2 2t - -
064 = (100%) | (100%)
5174 318 0.91
(100%) | (100%)
ol ol 2L A 2] 1~ 0.04" | 443" | 3.06"
(100%) | (100%) | (66.0%) | (66.8%)
1 44 78" | 0.30"
ARy 2 SHLER AR 2] - -
H (45%) | (10.2%) HEAH (11.6%) | (6.6%)
eadgany | - | - | 0 |
o 1 0.04 535 3.55
= (100%) | (100%) | (79.7%) | (77.5%)
=7 1" | 0.001" 15 0.06
°° (50%) | (1.3%) | (8.6%) | (6.2%)
= xx ] ] 99" | 0.43"
2 J|g 2 " 2R 2] (56.9%) | (41.%)
AN | (9.1%) | (2.5%) I . ] (232**) ( 202.2??**)
13.2% 3%
{3 %] 1" 0.08" | 24" | 0.16"
= (50%) | (98.7%) | (13.8%) | (15.9%)
S 2o o.o7o1 161o 0.852
(100%) | (100%) | (92.5%) | (85.6%)
5" 0.01"
ghx - -
e ©.3%) | (2.2%)
Al . 3 . ] ] 47 0.26
(0.7%) (87.0%) | (97.6%)
2" | 0.001"
FaYer| _ —
o (3.7%) | (0.3%)
S ] ] 54 0.26
= (100%) | (100%)
HEHT-Zans I j j (2222°/) (3%3%/)
_ 5 4 0.02
shdtEl - HELIE 2 - -
P (1.2%) HEHT (44.4%) | (27.6%)
HERT-EEedHTE ) - j (1111°/) (23%2/)
S ] ] 7 0.06
(77.8%) | (85.7%)




NEZS
e i
R | Ay NEFURH
o | =g | EA | (M8 3 oW AEEe | B2z | oy
24 N 2
A3 T (km)
2 432 1,328 | 9.25
(100%) | (100%) (80.8%) | (92.8%)
157" | 4.05"
MzLpe et
N (32.4%) | (44.3%)
] 08" 1.75"
MZL R -2 AR et
AbX| ke 16 20 =R (20.2%) | (19.1%)
gAsa | (727%) | (37.0%) S 87" | 1.357
A (18.0%) | (14.7%)
MZLUR-Z&tLlR 2t - -

2 rr
Rl

or 342 7.15
- (70.7%) | (78.1%)
36" | 026"
ALpm et

= (64.3%) | (52.0%)
_ 3" 0.09"

o_=x| O L
4 5 EHF-BEATTH | 5 0 | (17.6%)

- ot

e | (1826 | 03%) | o oxiooas 8 0.08™
EHEERURTS (14.3%) | (15.3%)

9 0.08

ALIR Al ZHL B et

H - (16.1%) | (15.1%)

. 56 0.02
- (100%) | (100%)

) ) zx g et - -

BP9 szyszueEe | - -

A - -

1z
o

1 0.02"
(100%) | (100%)

4574 | (B9%

1 0.02
(100%) | (100%)

- 186 -




1z

- 187 -

?Hj:fﬁ LA ZAE 3}
2
X| | AbEHAL A NE= R
o 78 o | EAR | (MY 2F AERE) | B2 | Wy | E2E | N
A g ~ | wm) | = | km)
i 30 % 1" 0.04" 10" 0.87"
= (100%) | (100%) | (16.4%) | (70.8%)
| E} 1 3 . 49" 0.02"
=X - _
AM | (45%) | (5.6%) 2R (80.3%) | (1.6%)
=% i ] 2" 0.34*
(3.3%) | (27.6%)
a4 1 0.04 61 1.22
- (100%) | (100%) | (100%) | (100%)
= 4 x| ] ] 3" 0.01"
A B 2 = (37.5%) | (42.8%)
N o B4 j j (625;7) (5?7'021;)
a4 _ _ 8 0.02
- (100%) | (100%)
1 30" 0.16"
oft Al A - ot Al 5 et - -
(1.9%) = (100%) | (100%)
N 30 0.16
St _ _
- (100%) | (100%)
- 22 52 _ 400 7.71 395 7.3
- (100%) | (100%) (71.9%) | (74.6%) | (71.0%) | (71.22%)
* H4xF M =X Fd% ZTA 23
A9 ) 2™ Al2zet




3. A ARHTH B7F A
7t A EASF 7t 23
HAe WAL AdE AvEd, AA 24 94 din] AYEASHE e &
g 7o HlEF WA H&S Z7; 86.0%, 85.8%= 7MY =UTHE 9, 19 4). 38t
AR B AT SEHst AAVES Bt @FRAE st 23, AA 2Ab
WA o] ARASE Mewd Fd 59 vled W3 Hles 42 41.0%,
43.9%= A thiul 22 52.3%, 48.8%% ZAsIUARE, AE - AA% 1sFdl dEH
= AAEASTE o830 ARASHE 39 &4 & 2 B2 7kt
53] AAEAST Ie5e bE A8EATEY &8 & 3 v8E0 =34, &
gl ol mEd} wR o] Hle A ©E ] 44 35.3%, 47.1%% A thE] of
16.09H, 12,59 S7}skaith

Ao e ANRATTE Wy} AT VR, BRAde AMRAST 157
5

o

2 A4YnAsge FUT 5 9 Ahug wku, 24 By o

2 A on] oF 2080, 348 Z/EIATHE 9, 19 4). 183 ZEAAL Eo|A)
(A BTepe] ZHos AMNASE | 5FOR B7HE AHo] KU 4
BASE 1589 SUT 59 ves) BHY nge 02 HYuAsFe Fely
T 2 wARG %3, A AF oiE] 242 70.5%, 924%= A thE] oF 17.24,
127.5W F7VSIATHE 9, 9 4). =3, drAYe AYRATT |53 YA
Aottt ARl AARATE 5w 22 o vied "3 vjE2 o 44
HAsae 2 7 9 WAEY 593, 2AF WA oiv] 2k 28.1%, 40.7%= A
el F 35.18, 6.6 F71IATHE 9

)

kd

- 188 -



F 9. FEIE 500m o PlEAAG ] A Aol g AYRASHE HIF A

T= oA ZAF 23}

Xy MYEMSE gol2 = ™ & (km’) gol2 = ™ & (km’)
| 5 280(5.3%) 5.97(10.2%) 381(7.2%) 1.10(1.9%)
nsa 4,935(93.8%) 52.20(88.7%) 1,000(19.0%) 27.25(46.3%)

H= ns= 17(0.3%) 0.21(0.4%) 495(9.4%) 631(10.7%)
vsa 26(0.5%) 0.32(0.5%) 2,879(54.7%) 16.86(28.6%)
V& 6(0.1%) 0.13(0.2%) 509(9.7%) 7.33(12.5%)

A 5,264(100%) 58.84(100%) 5,264(100%) 58.84(100%)

e | s 274(8.9%) 5.81(15.1%) 63(2.1%) 0.20(0.5%)

o nNe= 2,750(89.7%) 32.30(83.8%) 691(22.5%) 21.86(56.7%)
ns= 14(0.5%) 0.15(0.4%) 158(5.2%) 2.23(5.8%)

=5 V&e&a 24(0.8%) 0.26(0.7%) 1,941(63.3%) 9.48(24.6%)
Vsa 3(0.1%) 0.02(0.1%) 212(6.9%) 4.78(12.4%)

A 3,065(58.2%) 38.55(65.5%) 3,065(58.2%) 38.55(65.5%)
| 5 1(0.1%) 0.06(0.6%) 318(19.4%) 0.91(9.1%)
nsa 1,639(99.8%) 9.80(98.3%) 146(8.9%) 1.10(11.0%)

55 ns= - - 280(17.0%) 2.08(20.9%)
V&e&a 1(0.1%) 0.04(0.4%) 671(40.8%) 4.58(46%)
Vaa 2(0.1%) 0.07(0.7%) 228(13.9%) 1.30(13.0%)

A 1,643(31.2%) 9.97(16.9%) 1,643(31.2%) 9.97(16.9%)
| s 5(0.9%) 0.10(1.0%) - -
nNe=s 546(98.2%) 10.1(97.8%) 163(29.3%) 4.29(41.5%)

=35 nsa 3(0.5%) 0.06(0.6%) 057(10.3%) 2.00(19.4%)
vsa 1(0.2%) 0.02(0.2%) 267(48.0%) 2.80(27.1%)
Vaa 1(0.2%) 0.04(0.4%) 69(12.4%) 1.25(12.1%)
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1 A7 23
A& oA (Biodiverisy)2 Ao EAlsts 2+
©— AEAY gddAES vrlsiy, A9 v A& Jted AEA o U

o & 7Hxolth Seldets AEThgyel AUE sXsh Fadd dE =
AH 4L FAS 20199 ABTHEY B 2 o Fo B WE L A
s, 20209 69 119 Aol Sojzkth oy MR o WE

AEGIHS 9T 98 TEY A% /5 BUZ JHAE A

AeA 2ol B B4, 3

s17} A= olof gk ole @ ZHol A AFAATA

=AY oF 200 U7 97 FEo 4T Thad ¥ Ade wEel,

A Qe AP AAHA AT BIAR AP 712 JRE THAATE
]

HollA w9 ov] oty siAg. 23y d3 [A5R AFAADH FA
(2019-2023)1 & =S 13 AEF FoF FARE HIPEWHE AuA-

(Geomorphological landscape resources) .24 @A Do = P 71X H
Thol 2H e Fa ATk webd, AEAAARA AFe] s st Brhele
A7 Ao, WEEH ZRe) At AT ARZAH AR Ta
A ZE EA 8RS

B aps daddsdzsel A8 Hoph =g® o oF 200 Wzt
ojo1zl Alat AF A = VE AP ABIE aEal FeAE Hel
EjH o] =(DB) 7= W4 e =AM E oM AeAAA 7k A ¥ 3
PR = sk f1R Z12AEE SRSt A HAT 2 AT A
E EUE &5 A=A4A 7] A9 FrPEHel 75 - 3 HA, Yot
b AsAQ@/G 2 AT Aevdde AR 72 RS 84 B

1) @9 AF Bok s 4AAY, A 5o RF shol Fol(cliff), I E(dome), E2
(tor) 5 & 1137 BAAPLe BFal7, 2+ AFo] 0d W72 Fstn Yo



A B - A Qs o H8E 5+ AL Aol

2. A7 W7 2 H8A

7t BAH RHA

AZAARA 2 QoA BA AY ok AW BHE 253
AY ABABRATF 1, 15D 2281, o9 442 W Ao

o
Ao wesHe Zolth AR T A

<} 2 4 H(polygon) AMF O E

wEbA, A F ok A ARSI 9y AE ERTEE, 2R, oF 2
7, AR, AAAFHFSE, A4, A=3Y 8 EFT) Z=AF 4
o] AFAgo] Fe AAHolg B AFE T3 AF EoF A © HI7PH
of AAA AHA Ade EFsta, AH - AAE Ao AY EoF A4 TE
< WA - ALE AT

olzd], A= EFTY AT A EXNYEERE FAste HeEllE A&st
o Z4F AEAAA FEOE &&sla Yok EANEEY £4L& EXY
5 #3¥3 EXolE FHE /IS F Jdon, EXIE F3o] AEY
YEsPHE AHE o7 B £ Qlovg ANE BFge FeA7gEA 7}
A7 Aok 28y EXoEREY Ae EXIEHR EXolE #F ¢, A&
o] PFHALS TFANL Uv I EFH 4L FAHE & U 9
O SHE E2A3%0. webA, &5 JIAHouAME TS o E AF 7|
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L AN - AAF EeA
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So] AHojo me AAH &= UAF AF8RJOE A U A E
3 o] HEFH7 APAH(EEFTH7] oA E 1 7)), @A A8
o] AAHAY &3=A olyd wf 77k Ao EEL7] AE HIt
= SFHAEZAM(EZEY7] oA E 1F), A EX97] oA E 13
L 60F, 1T 207F22 AT QJTHEE D).

dF97] A=Y =HHAAE - AH) A2 S A} FH(@T
A3 )EAE Bl AFAARAZANA R e AE EFTY A
2 3AE 73S F S AoE TgEHAo Y, B4 A gt F
ME AARA 43 F3x7F st AaAdSHd z=A AF A X3
o @AYol ALstrlo] FErt AT AE = FHRAAW(Eremias
argus)®l A2l 7ol ‘AW Fdeoly Yy, E ¥ T F & ozt &4
g5 olHg EAEL 7zl dHAY L AHEAHR, AAAY, s, A
A, AATE, SAAS, ST F Wl T shr] wiEelth ety A
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> m
o

2H(Dendrobium moniliforme)® ‘HY 52 UFE7]0 9 22 A4
S-S 7|Rkgko] EH uiele FElE Kol A Fo] wlg wow, A
o A2 BAFE EAF Al A= ErVbso 7HgT

meba, HE7] oA=L A2 Ao HI EHEA
&3 AEH7] oA ES d=de £X Holy T
Ab A FEoF 2AF AR FHEA], I8 ol EUE
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A AARSE Stete) Zo] AfslE ZAE EUE XY ALY 7}
g Wrkske Av &4 &tk A &fr4kgeoheritage T+ geosite)<
3 A AA oA o] FoA L oy, T BFIIEEI
Z1Fol dAHAY WA g2 FSHo] Uth AFAISH ALY A
ol 7[XHrt 71Ee&  22H1997~2003)01 4  &AHe  5x2019~2023) =
Atell 0127177 A HARAom AAIEH oW, AA= AdstH HILAA
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5 1. 34 2FH7] AR E 55(202249 11€ 29¥9 7€)

«=d 5T Rl =7 ghed

1 T o] Panthera tigris altaica
2 225 Murina ussuriensis

3 <% Vulpes vulpes peculiosa
4 Eay N Lynx lynx

B) A Cervus nippon hortulorum
6 = Canis lupus coreanus

7 HZ97] oJANE 1 F | TE Lutra lutra

8 X9 Panthera pardus orientalis
9 R Ursus | thibetanus

ussuricus

10 B 2koF Naemorhedus caudatus
11 A}k 2 Moschus moschiferus
12 FH2uF Myotis rufoniger

13 T4k EA Mustela nivalis

14 % Prionailurus bengalensis
15 E7)8kH Plecotus auritus

16 o st Pteromys volans aluco
17 2] opdE IE oy Martes flavigula

18 =9 Phoca largha

19 R ARRE Eumetopias jubatus

20 =7 Callorhinus ursinus

21 A AN Platalea minor

22 LI Ciconia boyciana

23 S AH] 2.7 Mergus squamatus

24 A = A Tringa guttifer

25 FF0 Grus japonensis

26 H A Ciconia nigra

27 = - =55 Aquila chrysaetos

28 EERMEURCICE S 3w Haliaeetus albicilla

29 EER Dryocopus javensis

30 =3y Cygnus olor

31 bl Falco peregrinus

32 g Haliaeetus pelagicus

33 e I i1l Egretta eulophotes

34 HARYES Eurynorhynchus pygmeus
35 A2 EA Emberiza aureola

36 z8 2887l Gorsachius goisagi

57 SetmalvlE o N u m e.n.l u s

madagascariensis

38 w2 7] Nipponia nippon

39 HLoNER Calidris tenuirostris

40 TP F Y o] Bubo bubo

41 3w Pernis ptilorhynchus

42 BEL7] oA E 115 | 2ujn) Strix_aluco

43 = Milvus migrans

44 T v Circus melanoleucos

45 7ok 8 Dryocopus martius

46 A &8 7] Falco subbuteo

47 FHE7] Columba rupestris

48 A7) 2] v Circus cyaneus

49 314 Cygnus cygnus

50 5718 7] Branta bernicla
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22 1. (A%)
< | EFT Rl =7 shed

51 S &3 22 Ixobrychus eurhythmus

52 230 Galerida cristata

53 A W] Accipiter nisus

54 ] Accipiter gentilis

55 Z7187] Anser fabalis

56 = 2l A o Accipiter soloensis

57 x50 Accipiter gularis

58 3 EEw A Charadrius placidus

59 SEE7HE Buteo hemilasius

60 a1y Cygnus columbianus

61 =R A A Platalea leucorodia

62 e Gallicrex cinerea

63 13 vto] Emij ] Strix uralensis

64 =T Pandion haliaetus

65 e Grus grus

66 A2 g EA Emberiza yessoensis

67 =7 Aegypius monachus

68 7| BEA7] HAE Ul FARARCI =N Terg;})]s%phone atrocaudata

69 SHI=7] Columba janthina

70 A2 2 = Al Haematopus ostralegus

71 A Emberiza sulphurata

72 0] Anser cygnoides

73 Aside. gl Larus relictus

74 STFH Grus monacha

75 3lojul 7] 7] Anser erythropus

76 A=A Aquila heliaca

77 Az Pitta nympha

73 @0 Synt.hliboramphus
wumizusume

79 AN H] Locustella pleskei

80 LA Otis tarda

81 Aev g2 7] Larus saundersi

82 g g5 | Aquila clanga

83 A FF 1] Grus vipio

84 HE27] oA E | F | veEl Sibynophis chinensis

85 A= FAY o] Mauremys reevesii

86 HEH HE2L7] oA E 15 | THAAW Eremias argus

87 T35 o] Elaphe schrenckii

88 HEA7] oA E 1 F | 93+ Hyla suweonensis

89 | o o 1YEEF Hynobius yangi

90 ST Wzoly) opMAE 15 | WA Kaloula borealis

91 =072 Pelophylax chosenicus

92 v Chrysochroa coreana

93 gz o) Polyphylla . laticollis
manchurica

94 BEA7] oA E 1 F | AZ s Hipparchia autonoe

95 azz A Y| Aporia crataegi

96 FL2H B A UH] Parnassius bremeri

97 Frdts4 Callipogon relictus

98 o) =322 Libellula angelina

99 HE7] ofNE 1T | mupaAte Nannophya pygmaea

100 AT Gymnopleurus mopsus
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= | & Ccl = shed

101 NI EATT Copris tripartitus

109 o) z 2 whuty Dama.ster” ' mirabilissimus
mirabilissimus

103 AT EE 2 | Osmoderma opicum

104 A zgutad g Wy | Damaster changeonleei

105 e R Cicindela anchoralis

106 el N =) Macromia daimoji

107 FAulo| AL Prosopocoilus astacoides blanchardi

108 | 1= o o = | =5 Cybister chinensis

109 | =° A7] cRAE IS A 7] B A U] Cigaritis takanonis

110 24P Z U Protantigius superans

111 S22 3 H U Argynnis nerippe

112 FZwAeel 2R | Sinia divina

113 2 Z 2] Leptalina unicolor

114 of Eojgl HuH] | Mellicta ambigua

115 ZFsutEgd Bombus koreanus

116 SRFEHET] Haplotropis brunneriana

117 =4 Lethocerus deyrolli

118 F5 Q7% Cypripedium japonicum

119 Rl R s Cypripedium guttatum

120 U=I Sedirea japonica

121 ghgt Cymbidium kanran

122 Sl Cymbidium lancifolium

123 7] R = > Neofinetia falcata

124 H] 2} Thrixspermum japonicum

125 Sl Leontopodium hallaisanense

126 = A Gastrochilus fuscopunctatus

127 o}uff Diapensia lapponica var. obovata

128 a3 Euchresta japonica

129 AAZ Bupleurum latissimum

130 A F A A Mankyua chejuense

131 e Iris koreana

132 E 1A Ceratopteris thalictroides

133 ZEYE Menyanthes trifoliata

134 | % HAL&¥ A Cyclosorus interruptus

135 2] & o) A7) Drosera peltata var. nipponica

136 o 3huf = Ranunculus | trichophyllus
kadzusensis

137 =0y Cicuta virosa

138 ZhsE Epilobium hirsutum

139 71 oI E 1135 | <A Brasenia schreberi

140 il R A Cypripedium macranthos

141 7HA A Euryale ferox

142 N7 A 5 Quercus gilva

143 A4 Nymphaea tetragona var. minima

144 NEETE Aconitum austrokoreense

145 AR E Viola websteri

146 AW EAE Lychnis wilfordii

147 A v Iris laevigata
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174 e Wxol7] opWAE 1T 25 Michelia compressa

175 2 & o ¢l H o]t} Thalictrum coreanum

176 ERE Iris ruthenica var. nana

177 HWevx Habenaria flagellifera

178 et Gastrochilus japonicus

179 ZAx Sarcandra glabra

180 A5 7] 7) Utricularia yakusimensis
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196 T Rhododendron aureum

197 HedANZE Viola mirabilis

198 ok2EHA o] Aster altaicus var. uchiyamae

199 FUF Lasianthus japonicus

200 & oy = Gymnadenia cucullata
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Due to the nature of the bird survey in South Korea, which is
conducted mainly during the daytime, it is necessary to improve the
survey method to understand the habitat status of forest nocturnal birds,
which have a remarkably low detection rate even though many of them
are nationally protected species. Examine the possibility of complementing
the call-broadcasting survey method by installing and operating an
autonomous recording units (ARUs) capable of non-invasive and
continuous sound collection. Focal species: Bubo bubo Strix aluco, Strix
uralensis, Ninox scutulata, Otus sunia, Otus bakkamoena, Caprimulgus indicus,
Pitta nympha Spatial range: In 2022, six locations in the central and
southern regions exceeding 700m altitude were randomly selected during
the survey of the national ecosystem survey bird field. Installation of
ARUs SM4 at a height of about 2-3 m on a tree in the region. Set to
record 5 minutes per hour from 20:00 to 5:00 and operate from April to June.
1 minute call-broadcasting survey was conducted from 30 minutes after sunset to
midnight twice in April and May by selecting multiple points near ARUs
installation point. In the case of PFitta nympha additional call-broadcasting
surveys are conducted twice during the daytime from May to June. Listen
directly to the sound, record the appearance of the target species and
temporal information. Simultaneous clustering analysis using Kaleidoscope
Pro. The number of focal species detected by the operation of the ARUs
was seven species, excluding the Bubo bubg which was significantly higher

than the four species of focal species detected by the call-broadcasting
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survey. It has been officially confirmed that S. wralensis, which are known
to live in forest highlands located in the northern part of South Korea,
also live in forest highlands in the central and southern parts of South
Korea. There was no difference in the number of detection sites between
the direct analysis and the Kaleidoscope Pro analysis for O. sunia and 5.
aluco but the number of detection sites for C indicus, O. bakkamoena, and
P. nympha was higher by direct analysis. S. wuralensis and N. scutulata
were detected only by direct analysis. As a way to use the study results,
1) Advancement and standardization of forest nocturnal bird survey
method, 11) Acquiring a large amount of sound files as basic ecological

data, 1ii) Development of sound cluster analysis program.

I. A&

Bird surveys in South Korea commonly use the line transect survey
method and the point count survey method, in which the surveyor selects
a route or point to identify species and populations (Jeong, 2012; Nam et
al., 2019), it is conducted mainly during the daytime. This leads to an
underestimation of the detection rate of nocturnal birds, which are
highly active at night (BBO, 2003).

Among the 548 species of birds registered on the 2021 National List of
Species (NIBR, 2022), 13 representative nocturnal birds are owls and
nightjars (Appleby and Redpath, 1997), and seven species whose breeding
has been confirmed are all inhabited in forest areas: Bubo bubo Strix aluco
Strix uralensis, Ninox scutulata, Otus sunia, Otus bakkamoena, Caprimulgus
indicus. Of these, the remaining six species, excluding nightjars, are
nationally protected species that are designated and protected according to

domestic laws, so their protection value is quite high. In particular, three
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species (B. bubo S. aluco and S. uralensis) are endangered wildlife
designated by the Ministry of Environment and dall under the criteria
for preparing a first-class Ecology and Nature map (Article 12 of the
Guidelines for Drawing Ecology and Nature map (2021.03.18. Revised as

Ministry of Environment Regulations No. 684.).

Nocturnal birds are a species that actively communicates with each other
and claims territories by sound (BBO, 2003). As a method for investigating
them, the method of using Autonomous Recording Units (ARUs) was
discussed. ARUs can continuously and non-invasively collect sound over a
long period of time (Celis-Murillo et al., 2009; Shonfield and Bayne, 2017),
it has the advantage of being able to perform objective analysis (Rempel
et al,, 2005). Above all, it has been proven through several studies that it
is effective for species with low detection rates in field surveys (Johnson

et al., 2002; Farnsworth and Russell, 2007; Rognan, 2007).

ARUs were installed at 6 sites randomly selected in the previous year,
set to record every 5 minutes from 20:00 to 05:00, and operated from May
to July. As a result, six species of the forest nocturnal birds were
detected, excluding the S. wralensis. It is a remarkable achievement that S.
aluco which have a very rare detection record in the bird survey of
South Korea, were detected in all six sites. In addition, it was confirmed
that the endangered wildlife PFitta nympha, a diurnal bird, was detected
at night in five sites and was highly active even at night (Kim et al,
2012). On the other hand, the altitude of all six sites is less than 300m,

corresponding to lowlands (Choi et al., 2006).

Among the results of the bird field of the 3 and 4™ National
Ecosystem Survey (NES), as a result of analyzing the altitude of 12,906
cases of coordinate information in the forest area, 10,378 cases were less
than 300m altitude, accounting for about 80%. The 4" NES based on the
existing vegetation, the area of forest areas exceeding 300m altitude

reached about 48% of the total forest area in South Korea. In other words,

- 296 -



it can be said that the bird field of the NES tends to be conducted
mainly in the lowlands. Considering that the bird survey time in South
Korea is during the daytime, the habitat status information of nocturnal
birds inhabiting in forest areas exceeding 300m altitude is much poorer

than that of diurnal birds.

S. uralensis, the only focal species not detected in the previous year’s
study, are known to inhabit in highland forest areas located in the
northern part of South Korea, including Gyeonggi, Gangwon, and
Gyeongbuk (Choi and Park, 2012). However, judging from the case of
Japan, which appears in areas other than Hokkaido, where S. uralensis are
known to have a high population density worldwide (available on
https:/ /ebird.org/species/uraowll/]JP), there is a possibility that they
inhabit in highland forests in the central and southern parts of South
Korea.

This study aims to identify forest nocturnal birds in the highland forest
area located in the central and southern parts of South Korea by installing
and operating ARUs, and to explore the possibility of supplementing the

call-broadcasting survey method.

oI. 9+ J&

ok
o
¥

1. 97 A9 AR

Among the 2022 NES bird field implementation regions, six sites were
randomly selected: Yonghwa (Yeongdong in Chungbuk) and Yongso
(Chungsong, Yeongcheon, and Pohang in Gyeongbuk), which are located
in the central and southern parts of the country with an altitude of 700m

or higher and include easily accessible forest areas (Fig. 1.).
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Fig. 1. Location of study sites and installed ARUs

2. SRR AR H &Y
Among the trees located in the region, trees with a diameter at breast

height (DBH) exceeding 10cm are selected and ARU SM4 (Wildlife
Acoustics) is installed at a height of about 2-3 m (Fig. 1.).

Considering the ecological characteristics of the focal species, it was set
to be recorded in 5 minute increments per hour from 20:00 to 5:00 (10

ea/day), and operated for a total of 61 days from April 15th to June 15th.

3. @A =A
1 minute call-broadcasting survey was conducted from 30 minutes after

sunset to midnight twice in April and May by selecting multiple points
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near ARUs installation point (Johnson et al., 2009). The separation distance
between points is set at least 500 m (Centili, 2001).

In the case of PFitta nympha additional call-broadcasting surveys are
conducted twice during the daytime from May to June.

4. =78 24

The collected sound is played back through a media player to directly
listen and record the appearance of focal species and temporal information
(Fig. 2.).

In order to find an effective analysis method, cluster analysis was
performed using the trial version of Kaleidoscope Pro (Wildlife Acoustics).
Since some focal species have low-frequency sound, analysis was
performed by setting two-track conditions: 1) frequency range 250-10000
Hz, FFT Window 5.33 ms, 1ii) frequency range 250-1000 Hz, FFT Window
21.33 ms (Fig. 3.).
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Fig. 2. Recording of direct analysis
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Fig. 3. Setting frequency range and FFT Window in Kaleidoscope Pro
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1. T8 ¥4 A3
As a result of analyzing 3,660 sound files (six sites * 610 ea), 2,199

(60.08%) of the sound files in which at least one focal species was
detected were confirmed. As for the detection rate by species, O. sunia
was most frequently detected with 1,839 (50.25%), followed by C indicus
with 539 (14.73%), P. nympha with 175 (4.78%), S. aluco with 124 (3.39%),
O. bakkamoena with 93 (2.54%), S. uralensis with 6 (0.16%), and N
scutulata with 3 (0.08%). As for the number of detection setes by species,
O. sunia, C indicus, and P. nympha were detected in all sites, 5 O.
bakkamoena, 2 S. uralensis, and 1 N. scutulata were detected (Fig. 4.).
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Fig. 4. Detection rate and number of detection sites by species
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In Yonghwa area, five focal species were detected through ARUs, but three
species were detected by call-broadcasting survey. In addition, six focal
species were detected by the former, but three species by the latter in
Yongso area (Table 1.).

Overall, seven focal species detected by ARUs operation were
significantly higher than 4 focal species detected by call-broadcasting

survey, proving that ARUs operation is effective as a forest nocturnal

bird survey method.

Table 1. Comparison of ARUs operation and call-broadcasting survey results
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There was no difference in the number of detection sites between the
direct analysis and the Kaleidoscope Pro analysis for O. sunia and S.
aluco but the number of detection sites for C indicus, O. bakkamoena, and

P. nympha was higher by direct analysis. S. wralensis and N. scutulata
were detected only by direct analysis (Fig. 5.).

V. 1z 9 AA

As a survey method for nocturnal birds, which are mainly active at

night, making detection by observation difficult and irregularly vocal, the
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method using ARUs has already been proven effective through several
studies (Haselmayer and Quinn, 2000; Hobson et al., 2002; Rempel et al.,
2005; Acevedo and Villaneuva-Rivera, 2006; Celis-Murillo et al.,, 2009).
Compared to daytime, there are fewer active species and less noise at
night, so it is judged that the effect of ARUs operation was high (Goyette
et al., 2011).

If the purpose of operating ARUs is to determine the existence of a
species, it seems reasonable to set it to record at various times. Goyette
et al. (2011) confirmed that there is a difference in the time zone
detected by species through a study on the habitat of nocturnal birds
according to the operation of ARUs in Soberania National Park located
in Panama. In order to detect a large number of nocturnal birds, it is

suggested that it is necessary to operate ARUs from sunset to sunrise.

It has been officially confirmed that S. wralensis, which are known to live
in forest highlands located in the northern part of South Korea, also live
in forest highlands in the central and southern parts of South Korea.
Interestingly, S. aluco was not detected in the Yonghwa area where S
uralensis was detected, and S aluco was detected in the Yongso area
despite being in the highlands. According to Vrezec and Tome (2004),
when S. wuralensis and S. aluco inhabit the same area, the habitat altitude of
S. aluco tends to be relatively low. However, in the absence of S. uralensis,
S. aluco was confirmed to increase its habitat to the mountaintop. This is
because S. wuralensis, which has a relatively large body, is dominant. Similar
results were obtained in this study, confirming the existing theory that the
distribution areas of S. wralensis and S aluco in South Korea do not
overlap (Choi and Park, 2012). Further study is needed to determine
whether a competitive relationship between S. wralensis and S. aluco is

established.

In order to expand the operation of ARUs where a larege number of

sound files are recorded, the key is to quickly and accurately analyze

- 302 -



the files. Kaleidoscope Pro is an analysis program that combines direct
analysis and automatic analysis, and is judged to be useful. However,
Swiston and Mennill (2009) pointed out the limitation that the analysis
using a program can reduce the time required, but there is a high
possibility that fewer species or frequencies will be derived than direct
analysis. In the cluster analysis of kaleidoscope pro used in this study,
S. uralensis and N. scutulata were not detected, and the number of
detection sites for O. bakkamoena, C indicus, and P. nympha was relatively
small. First of all, it is very likely to confuse the program if interference
occurs from ambient noise (Goyette et al., 2011), so it is required to
select a place where voice recording is smooth (Allison and Destefano,
2006). In addition, it is necessary to set various conditions for signal

detection and FFT window to be used in cluster analysis.
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Fig. 5. Comparison of the number of detection sites by species between

analysis methods
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m. 423 9@ »3

1 d7427%
7. BEE AAEE
- F 630 ZH 471X Bl x3 =R 24AH, AA 11
= 923 430F 2,03670A17F &<l= e, BL_UV(E3) 115 743 284
% 951704, LED_UV 9% 643} 277% 848704, LED_G 6% 333} 71%
125707, LED_B 6% 303} 56% 1127} =02 viehsic.
- BLLUVE 13F 2AHO7%E 19670AD), 23 2AH95% 24170A), 43 =4
(83%F 161704, 63 ZAKT2E 1067)) SolA 718 Be ZE59b A5
S Jehgon, LED_UVE 33 2AN72%E 1557049t 53 2AK85E
167D A 71 B2 S MAFE Eo.
- AFERE 23 2AlA 102 483 156% AT0/)A 2 1A Be =
9 AAFTE 2AEUOM, b HA 2AE 33 2AAE T2 42

oFYA

RS

I 117F 30770A17F &A= AT
- T¥# o= BL_UVS LED_UVelr Z3H F4 9 Aa57t g e
2 =9k whd LED G9F LED BollA+= dAA 3 e 259 MAFS
eSO
x| 2% | BLUV LED_B LED_G LED_UV A7
= 7 3 2 6 8
st i 34 8 8 35 46
&3 97 11 10 81 143
A 196 23 11 123 353
= 10 3 5 3 10
il 40 7 13 29 48
2st
=3 95 11 20 83 156
A 241 15 30 184 470
= 7 4 3 5 7
i 27 12 6 31 42
3st
&3 67 15 8 72 117
A 111 30 11 155 307
= 7 6 5 8 9
4st T} 34 14 16 30 49
=3 83 19 26 70 148
A 161 24 45 120 350
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AT | 27 BL_UV LED_B LED_G LED_UV oy |
= 5 3 3 6 6
o 29 7 8 33 42
Sst =
= 71 8 9 85 127
0= 136 11 13 167 327
2 5 4 4 4 5
o 26 8 10 22 35
Bst =
= 72 8 12 71 123
0= 106 9 15 99 229
NS 745 | 6= 303 | 6% 333 02 6411 15 9234
A 284% 56%& 71%& 125 277_,_;' 8487H A 430%&
951 7” i‘" 11 27H i‘“ 7H i'" < 2,0367H i‘"
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- 630 Ax TR ofYPA ILFFY EFTE BHZEH, Y| Eo)
258F(HA F2] 60%) L1437WACAA MA 52 56.1%)=2 Ak o]
o] ¥ HlE Yehlon, gA-YE 74% 45104, HElE 35%F 60
AA, =HAE 29 204704, BE 20F 23704, WESE 4F 18744
59 o7 UEyith

- BLLUVE A= 235 284%F 951714 F e Eo] 183F 545704,
AR E 44F 1990A, =UANE 21F 143404, & 14F 1970
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H LED_UVelME yH|Zo] 194%F 495704, =4 de & 415 18974,
SUAE 165 103704, HE 115 22704, E& 105 10714 52
o8 UETH

- LED_GolAE Z84d 71F 125704 5 UHlEo] 34%F 49704, S
#8205 43704, =dAE 9F 23704, FEE 6F /A 59 o
2 Yo, 56% 11278417} 8" LED_BollAE UH|Eo] 31%
S5470Al, BAEH E 105 20704, FElE 10F 1/0A, =dA S 3F
2570A 59 o= YEhyt

H=o BL_UV LED_B LED_G LED_UV 2 Al
=T e = | MAS | BF | HAF | B | AT | BF | HAS | BF | AHAS
Lid| S 183 545 31 54 34 49 194 | 495 258 | 1143

Szl 3 20 1 18 3 38
L= IPNE= 21 143 3 25 9 23 16 103 29 294
w2 44 199 10 20 20 43 41 189 74 451
o 7S 3 8 1 1 1 1 2 8 4 18
M2 10 11 1 1 1 1 10 10 20 23
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ESONEIES 2 2 2 2
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BL_UV(Z3H) LED_B LED_G LED_UV
mLtH| = o EE'4-| = [T U L e P = oy O 527 | 2 mH = m A0 =
YA S mIES  wEYREE mctRA0| S
a9 3 3ddE 598 A4S v
o FddE F8F I
D FoF A%
070 ol EHE okYY TEFE HA AF F 8Fo] HAHYO
H, =HAE 3F, UHlE D dHEY E 7 2%, SR 1€ T2 FRUF
At FaFe AAFE AW RE, ZAGA 9 1067), A ZGEo] 102
MA, NHHEGG o], 5971A|, =2 47/0A, =Zal B 4170A 59 &
o2 et BE BN AR 24D, SR Do), §E
d], =3 Euate BL_UVSF LED_UVellA =& v &S Yepd ¥ WEdHe)
E RE LA FAD NS 2T, BuunEdsds SEuAE
BL_UVe} LED_UVeA T Ed3te S BRI
ety = BL_UV | LED_B | LED_G | LED_UV | &4
Ricania sublimata ZMofo| & 44 9 2 51 106
Berosus lewisius SN SWEO| 52 1 8 41 102
Enochrus simuians Of i M =i i o] 26 10 23 59
Sigara substriata =g 10 14 10 13 47
Katha deplana 2t St 25 2 1 13 41
Geotomus pygmaeus Off &t = 2| x| 21 4 14 39
Cheumatopsyche albofasciata | €t 1l ot& g 2l 18 18 36
Marumba sperchius SEHFZEA| 19 14 33
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3 F& FABL_UV, LED_UV)®] £ Z5 HaF
BL_UVe} LED_UVE 53 288 F5E % 115 867 339502 &<l
o, BL_UVE 11% 743} 284%, LED_UVE 9% 643} 277502 29l o]

AL =
T B ke oA ZERe wol¥el AR LR SRIHNTG
Z el = 2 3
BL_UV 11 74 284
LED_UV 9 64 277
BL UVHLED WV &4 11 86 339

BL_UV, LED_UV, BL_UV+LED_UVe| ¢]&] @502 33
1% 763 325F 02 Yehgon, BL_ UV 9% %8 5= 1085
= ¥3 F4E 103%, BL_UV+LED_UV &

%3 =
A 7t Zzte] ©E 23 o 38 28 T4 Wgo] fAR £EOE

-
©
O
c
=
i

fr
ofd

_1 (

&3 = 2} E3
BL.UV tt= Z&Z 10 46 108
LED UV tt= =3 & 7 41 103
BL_UV+LED_UV £53 7 35 114
A 11 76 325

BL_UV, LED_UV, BL_UV+LED_UVeo| ¢J3} g=o g *3
MA o)’ 294 ofP A 2FFH
% 10%, B84 E 5 5%, =
o2 FAFAL.
AGUF A, Al &FYA 3y, dA3 548y, S 52 LED_UV
Bt} BL_UVeA =& v &S Yeld vt FHEddo]= LED_UVIA T &
dstAaL, 1 5o T2 TARRE Y HlES YERTH

Z3E 325% F 10
A 23 & 19F0] FAFHN o, v
zt 52

=
=
DAL 2%, TS 9 T2 2

=
S

i UV Light | .
S o St
S =0 BL UV | LED B | LED G | LED UV (BL+LED) A
Cheurmnatopsyche albofasciata BujmolE S Eel 18 18 36 36
Marumba sperchius SEHZA 19 14 33 33
Halyomormha halys My LR 2 XY 20 6 26 26
Rhamnosa angulata EH 7| gt 15 9 24 24
Notodontidae sp.1 Mgl sp.d 14 9 23 23
Spatalia dives M2F L X Fopat 16 4 20 20
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i UV Light |
&t = BL_.UV | LED_ B | LED_G | LED_UV (BL+LED) 2HA|
Nicrophorus concolor AY ST 11 4 15 15
Denadrolimus spectabilis &fgt 12 3 15 15
Spilarctia seriatopunciata EMELIY 7 7 14 14
Isocheilus staphylinoides Eiof ety 6 7 13 13
Sunesta setigera setigera | AE 7t& 70| g7 5 8 13 13
Alcis angulifera & JLX|Lpat 7 6 13 13
Teleogryllus emma 2+ s 2to| 4 7 11 11
Melcalfa pruinosa oM e 6 5 11 11
Hydrochara affinis =Wol 6 5 11 11
Laccobius binotatus FHEWWO| 11 11 11
Pseudalbara parvula | MZ1opzng|Lfgt 7 4 11 11
Noctuidae sp.2 gtofebnl sp.2 6 5 11 11
Peridea glgantea =Z2EMFLE 7 4 11 11
ot FddE 23 884 AF
D FoF A%
FL§F0l e F5E AWRE, BL_UVE 299k LED UV 290
© 27t 80.33, 772 ¥l3 =2 & R or, LED_B¢ LEC_GY 7%
o= Z+7t 12.0, 14172 FASE @2 FXE& Yelilt. MAITE Ay R,
BL_UVE| 7d-%-¢} LED_UVY 7-f-ol&= Z2+zF 158.50, 141.33% H|==3 =2
A& Hom, LED_Be LEC_Go ZA-%el= ZH2F 18.67, 20.83= FAMSH W
2 A E YER
ZrlH Z= 2 J§A == Descriptives
Mean Sta. Deviation | Std. Error Minimum Maximum
BL WV 80.83 12.91 527 67.00 97.00
LED B 12.00 4.29 1.75 8.00 19.00
Enn LED G 14.17 7.2 295 8.00 26.00
LED_UV 77.00 6.72 2.74 70.00 85.00
Total 46.00 3A.56 7.05 8.00 97.00
BL UV 158.50 5242 21.40 106.00 241.00
LED B 18.67 8.26 3.37 9.00 30.00
W& == LED G 20.83 13.83 5.65 11.00 4500
LED_UV 141.33 32.40 13.23 99.00 184.00
Total 84.83 73.08 14.92 9.00 241.00
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100

20.83 77
a0 -
60 a5
A +—
50 12 1417
O T 1
BL_UW LED B LED 15 LED LM Total

200

130

100

S0

BL_UV LED_B LED_G LED_UV

Y 7. F4E 7WAS= Descriptives

AR A Y, F4(F=123.08, p<.00D) 2 7lA4(F=33.70, p<.001) =
FolA fel@ Aol7k i Ao kst

Zd S A 7= ANOVA
swoes | Y | Suwe | F | SO
Between Groups 26062.333 3 8687.444 123.081™ .000
o Within -~ Groups 1411.667 20 70583
Total 27474.000 23
Between Groups 102558.333 3 34186.111 3B.706™ .000
T4 5= Within -~ Groups 20285.000 20 1014.250
Total 122843.333 23

*kk

7X.001
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FAE F4 2D A2 Post Hoc Tests Multiple Comparisons
SCheffe(/\]-—‘T— 3 A3, T /WA =5 BL_UVS} LED_B, LED_G&|
T FYS Zolg BRFom(p<001), LED_UVe= FolaF p00l=oA
Fo3 AolE Holx godth. F, BL_UVSF LED_UVS 7} LED_B¢}
LEC_G® A-F F5¢ /MAFolA visit= Ae & & Jov BLLUVS
LED_UV+ LED_B¢} LEC_Got= T 2 JRAIol A 2pol7t v Ae &<

g 5 A
ZeldH F5 3 AT Post Hoc Tests Multiple Comparisons Scheffe
Depep dent 0 _ ) _ Difl;/éerz:ce S 95% Confidence Interval
Variable &¥7d AR (=) Lower Bound | Upper Bound
LED B 68.83333™ 000 54.0450 83.6217
BL_ UV LED G 66.66667" 000 51.8783 81.4550
LED_UV 383333 890 -10.9550 18.6217
BL_UV -63.83333™ .000 -83.6217 -54.0450
LED_B LED G | 21687 977 -16.9550 126217
R LED_UV -65.00000™ 000 ~79.7883 502117
=T BL_LV -66.66067" 000 -81.4550 -51.8783
LED_G LEDB | 216867 977 -12.6217 16.9550
LED_UV -62.83333™ .000 =77.6217 -48.0450
BL_UV 383333 890 -18.6217 10.9550
LED_UV LED B 65.00000™ 000 502117 79.7883
LED G 62.83333™ 000 48.0450 776217
LED.B 139.83333™ 000 83.7749 1958917
BL_UV LED_G 137.66667" 000 81.6083 198.7251
LED_UV 17.16667 8% -388917 73.2251
BL_LV -130.83333 000 -195.8017 | -83.7749
LED_B LED G 2 16667 1.000 -58.2251 53.8917
A% LED_ UV ~122.66667" 000 -178.7251 66,6083
BL_LV ~137.66667" 000 -193.7251 -81.6083
LED_G LED B 216667 1.000 -53.8917 58.2251
LED_UV ~120.50000™ 000 -176.5584 —64.4416
BL_LV -17. 16667 8% —73.2251 388917
LED_UV LED.B 122.66667" 000 66,6083 178.7251
LED_G 120.50000™ 000 64.4416 176.5584
X001
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2. W3l E EF Y] JoddE B4 1F 9 A
7t o
A A frAkR £Ee] e st
LED_UV%©ew, LED_G9} LED_B > AF o g dAs e T4
MAE et o= 31 34 2 2K 355~405nm T THE ALE
st Aol W2 T4 MATE FedsteE A o {3 Ao E BHltkBae
et al. 2015; Pan et al. 2021). =3+ 329 F/(LED light, fluorescent light &)
= F#skA UVE Egste= &2 34d1(380nm, 385nm, 390nm, 395nm,
403nm)ol| A o FFFE== 721 2ol Qlo] 1EA FFHFE7F FHREFHAL
H(Zemel 2017), o= &2 FAU G = o2 71A 9 A4S &8st= Zo] b
g oFYA L5 RO fYsits Eog & F Adnh

2 AT A= UVBL_UVSF LED_UV)9] 2 3143 vluste] 8 o=
71 3¢l LED_B(452nm)<}t LED_G(G20nm)ol A F= A A 23d EFT0]
g

golE ko, UV-ARE Faddio] £3l= Greendt UV-ARE

+ Blue7bA9] FY& vlugt 23 UV-ARE Fa3de I

Greenoll A& FA2Z3H /WP F(FA15)7E UV-ARE @apddo] &3+ Blue

GAEY 7 2 238 A5 2A3Komatsu et al. 2020)<} 2]
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gt dANA, =7, HH, FAMIsF, A S
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SRS f-8F0] YFHCHHl
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@ 7l (Pelophylax nigromaculatus)

B Sound 1: SMA0B043_20220626_215400-f.wav

63213 535

B s

T 59 (0.5~2 kHz)

@ =707 ¥l(Glandirana rugosa)

[ Sound 1: SMA0B043_20220716_045000-f.wav

2 {51

Fa =9t (1~4 kHz)

@ 37172l (Dryophytes japonica):

[# Sound 1: SMA08043_20220630_225400-f.wav

1:19.55 1:20 1:20.5 1:21 12158 122 A 1255 128
, mm:ss

1:22.5 1:23 1:23.5 112 1:245 1:95

Fi4 &40 (25~3.5 kHz)
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, mm:ss

, PP
2:22.893 2:235 224 2245 2:25 2266 2:28 2265 227 22756 2:28 2:285 2:29

ANTFRI(FI 290 25~35 kHz, 287H: ca. 0.1% ©u)), &) (534 240l 1~2 kHz,

2) =F5A2 (BAHAEE AT FHH £ 2A) (N36.33436, E126.8802)

14

10 t
! n,l..‘ "a g ,', :J‘V

AR R s 2

o]

) -
7

kHz
@
I

0.00 AT o : TAn : ; i ro FERCENETOGS P A R e

mm:ss

u T i T T T T T T flui T Ry e
1:68.28 2:00 2008 201 20158 202 2025 203 2035 2:04 20458 208 2065

Fog F90 (1~3.5 kHz)

@ =Nl (Glandirana rugosa) (BEF)):

@ Sound 1: SMA08048_20220714_045100-f.wav

S
S0 )

5]

e
2 ‘-;,‘.,’,.f_,,; Pt Do o g
b B 3T
155 15
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@ 7l (Pelophylax nigromaculatus)

[§) Sound 1: SMA0B048_20220719_024300-f.wav

TA . el
™. - nh & i o

FES kY S SRRy
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5 LT e e

‘V’ pREad peatind s .1_,,.‘4‘3.';‘ = ) 208 |
- S g 4 arL i e a i
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4115 ais 4185 418 afas

T 549 (0.5~3 kHz)

@ =7+l (Pelophylax chosenicus)

ﬂ: Sound 10; SMA08048_20220703_040000.wav ' *
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@ 37N T2l(Dryophytes japonica)<t =772l (Glandirana rugosa)(AEHY,BEF) 2]

SAe=

[ Sound 1: SMA0B048_20220714_015100-f-S.wav.

kHz.
@
I
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“1‘ i y é § i P E

"

] L 1

1 A t a

o RO e P "

T T u T T 7 T T T T T
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T T
418 4185

ANTE F95 590 (25~35 kHz), #7178 T35 S9d(Al~ 35 kHz, B~ 4.5 kHz)

@ /N FE(Dryopdytes japanica), &N 7-2l(Glandirana rugesd)(AEFY), "85°] A &

[® Sound 1: SMA08048_20220714_015100-f-S.wav 7 el |
1
104
9
o
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E
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2] f e Tl 15 11400 1t
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AN TFe Foa 9u(2.5~35 kHz), 27172 (AEFY)) (1~4 kHz), ®%o](1~2 kHz)

3) 287 (2AYE AAE FFS Ao 24 (N35.01516, E126.6717)
@ /N2l (Dryophytes japonica)

# Sound 20: SMA07889_20220720_014800.wav

)
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@ "I¥o] (Kaloula borealis)

@ Sound 26: SMA07989_20220718_204900.wav :
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D[ *[=[H]E

KeNfe:|

F34 &9

(0.5~.3.5 kHz) (ca. 3 calls/sec)

@ 7N T2l (Dryophytes japonica)®t “B75-©|(Kaloula borealis)®] &A1&+

B sounc 26 sno7ss. 2oe0T18. 2odsonsway, ¢ 0 TR R
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:

i AL e e
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Bied Lol P
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V=
=
1

315

[+ +[=T=]E

aC | I

AT F3k 90 (25 ~35 kHz),

&l

@ AN F8l(Lithobates catesbeianus)

Far F9d (0.5~3.0 kHz)

[® Sound 24: SMA07989_20220722_214700.wav

1154
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3. EETE dF7] SRt x5 %8 3 (9 Z)(Population Size Index  4)
A (E1, ¥2, ¥3)

7F AAH R SEFTEY 548 AFHFHID)ANE il 22414 01
AZE Abololl A 71 Hol YEhE (53], AT, /178, *=71TE).

« 2/FEl= M2 Z7] XIF(Population Size Index) 42| 3l=7F Mo = F7|
X|5=(Population Size Index) 3=t 45 & stotel 2542 ME(TIZ)e2 FE51H04

U&'

CREL

o AATEE A8A% =wAlN 224EEE PSI 4)E0)
944 T e 0A 5AZMA de RESE P4 HIA,
TEER 289 HHH WAL WE =

PSI 4)°] Tha -2 AT (21A1~03A])oll e

o =FA2 AN AT Z7] A (Population Size Index)47} YERG
AT s ATt v, 2145 1 tged 2 2471

22 4(,45'_ PSI 4)0] Bz =

gt AEole agAAAT =AY

=
054743 H& At Feltiol A YERE 1)

ko wmEbA, ZFATFEY SATFEE =FAdAAAR 2 21~23A], 21~02

A =FY ARl BAFEE o] F  EHTFO]

AHARTE =5 T A3, B E BEFol=
=SA TG AYXA A

E 1. MAX 8 S5 =2 LdF7|(0kZHAZHH) 23712 (call duration)

e A2 =72 =7h7= g5ol Fari+e
AEIZ] (Marsh) 20~06 NFA NFA NFA 19~06 22~04
=571 (Paddy) 19~05 20~05 21~02 NFA 05~06 NFA
=5%]2 (Paddy) 21~07 22-~05 21~06 20~06 02~04 NFA

*NFA: Not Found At All
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2 o2 MAR g B dFT|(ofAZIM) A2 27| AT
(Population Size Index:PS| 4) ==
Whwel | e | AR | 2dRa | Wl | gasiye
AEIX]  (Marsh) 19~05 NF NF NF 19~05 NF
=541 (Paddy) 19~05 21~23 NF NF NF NF
=542 (Paddy) 21~03 NF 21~02 NF NF NF
*NF: Population Size Index 4 Not Found;
Population Size Index 1: 7§ |5 0
Population Size Index 2: 7|A| < 1
Population Size Index 3: 7§ A<+ 2~3
Population Size Index 4: 7RA|<+ 3 ©]4
¥ 3. &3 «dF7| 2522l HAE(™mIA)(Population Size Index 3, 4
Z|of BlE(d=r)o] AlZiCH)
AN Rl =787 =707 &l R EaV
Az ES
1A s 22~24 20~22 23~24 23~01 24~02 22~03

(&8, =541,2)

y - Y

@O ©Y<F Population Size Index 4 (&+ 83)9 AIKIPE W (d=F) X

Days of Population Size Index 4 (87§2])

18 19

20 21 22 23

24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06)
Time

Days of Population Size Index 4 (&772])

24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06)

A7h7ele] AT PS4 9%

&7} 72l AZIE PSl4 9%
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w

~

Days of Population Size Index 4 (¥80|)

18 19

.
20 21 22 23 24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06)
Time

=y Folo] AZIIE PS4 U4

20
5 15
T
o
<
&
3 10
&
]
w
<
s
s
3
g 05
&
0

Time

* Population Size Index 4 (B7472l)
* Population Size Index 3 (B7472l)

Days of Population Size Index 3 & 4 (87472])

« Population Size Index 4 (R4 P2)
* Population Size Index 3 (B7§F2l)

18 19 20 21 22 23 24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06)
22 23 24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06) Time

il AT PSIsa0] U
A8, PSI4: mhghAl)

(PSI3:

=]

iy

A7+ AIZHHE PSI3.49]
(PSI3: F2AH, PSI4: mjgh

A
T

@ &% Population Size Index 3 or 4 & AIZIHE RIS (L) &

1<

Days of Population Size Index 4

o BHI2 (Marsh)
. F7HFEUP1) * ¥Z0| (Marsh)
- @H32ACY)

IS

Days of Population Size Index 4

® ” 2 2 2 Ziime‘zp:da;‘s)‘m) EO221103) 25004 29005 SO g 18 19 20 21 22 23 24 25(01) 26(02) 27(03) 28(04) 29(05) 30(06)
Time
A, A7t AIRYAE PSIAY A (=5A11) B, "3E§o] ARTEPSI4 (2E8A])
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(MME00 MMIHIFHTZSE ZASEH H

A1)

ol

[HH

X+t 9

aopE

ARANE T D FEE FAPY £33 A7)

2. A7 =3

H A= 173 BESB MA (DS A 18317 918 =AM E2F3 )
A AE A sk AEA dgaets St A8 AFsta I AAE
62 A=AAZAH Z Ao &8 2 S AENA FIFAA NEel| HHS FiL

SHFE B EREM, F, &)E U vaAAE A A F
= dHEENE ZAE 2B o 2ol A= Epeorus pellucidus(77.9),
Simulium sp.(76.4), Ecdyonurus kibunensis(63.6)7} &2 Bl &2 ST}
S 5ol A+ Ecdyonurus kibunensis(57.2), Epeorus pellucidus(50.3)7} =&
H&2 S8t A& 259 ZAMES] dF 52 &FNA =& =3
T8 BHoH, FdFo| Bl A Uety o3 59 iAo &
< BEsHA FEAVIE oAHAT. &cA e Ecdyonurus levis(40.0),
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Ecdyonurus  kibunensis(57.2)7} =& HleZ SdJ0. FHAAE
Labiobaetis atrebatinus(56.6), Davidius lunatus(36.3), Lepidostoma KUa(31.9)
7t =2 HlER 9 stk dedMe & 197F, S5ME 193F, &01A
208%F, THA = 203F°] AT q2AM B2 Fo] FEIHL
HZ Aol Whaf &of FHFA T B2 Fo] S AoE Hol 4o}
Fo st S0l B Tofe AXAAHE AFdlF+= Ao e 23
2 Bt Chironomidae sp.(non-red) HA H|&A A A F& HSE
=dstgloy dA F T80l AEEHHA Lol A UHERS
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A Ao = HSZ sl WMEHo| yol A 95T
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2o SAE AU Aok wekA ESB HIAAE MLste] s 2
A AENA 55 AA Al Ao g3t A o)

i)

2. ATEF
7t 39l T

1) vl=

"= 37 4 (EPA)-2 NRSA(The National Rivers and Streams Assessment)

Soto] m7EA ol AR A G Z Q] ERolA =] 3 st o] A&
Lo} o] Ao 9 vA= F8 2EH 29200 U ARE 9o}str] 9
T =AE FdskaL AT

= SH A (EPA)Y AAMAUEFHFFE o3 =3 HIbe=
THeFE A =(MMI, Multimetric Index) ! A 4-&& 2] <=(MMMI, Macorinvertebrate
MMDE 2 &3tal glom, &2 Hrtelr 18stes Frtass F 28HE
Z|Eo 2 jtt H=E mE=IE WAl gt FEY Aol EAst] Z4
A9z Edste Ae=Fol 27 diEd 7o == A Gl wet
THE SA ge= HrleAs AR oRE A8l JTHUS. EPA, 2013).

o ﬂllﬂl

ok

|

_1

2) "= (FBI, Family-level Biotic Index)

FBI(Family-level Biotic Index)2] 7-¢- A=38+2 25 Hrlsr] 93}

o] 7§%E 131, D-frame aquatic net= ©]-&3le] st A= A FEF

E A 4 T MATS WAHAAE ol &ste A2 Fr1edd g
SuH T4 FHE AGS F o, #4443 FriELHY I F5

27} 7o FEeha gl

= FAIVEATSL AN LI (STACWQ, Department of the
Environment Standing Technical Advisory Committee of Water Quality)ell
o3 A=A RUEY 4F EJ(BMWP, Biological Monitoring Working
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Party)°] 2 AT BWMPY| 542 st e Ak #8317 A% A=
4 7lE AA At =AM 2E3), olgstE A7 EY A=shE T
o] FAE sk Aol 1978 #H7|H 2 AFAEY A FTFSE

=
o F 5AO £F FTEE, AYEAH Sol NP HEAHS THse] A

N

3 A AN Y T FEE 867/ H{UEFE F(Order)]oll A <
WA E AR R FHAon PR 1094 1008717 Rejatn

[ex]

= -

29 BRTO e Rt Wrkes Ao AREYT, 19799 A EAA
3}

B A dA oA ¢ A3 wet @A AR A5kt T Aol A
Uetd EAd e /i st ARG FHRAGeR o|dstd VES dds)
tal 29 UAAY HFAAE 1~108 22 43 GTh ol F I3 ¢
dzoA 1990 =7F s RAR Ao ¢F 17,0007 =AMES
(Sampling unit)®] A=A ZAPAAE 7|FLE 1996 AAAHHE FH 5
& 8370 H(family)d] 22 WA X (BMWP score)E T83tATH 2+ #9 U

AAE dabste 71Ee] HeAA e AR AR w2t 24 |F
= W7 2o F = FH(Famly)d B WA X|(ASPT, Average Score Per
Taxon)E H7I7 o2 E=dstA L, =84 st e w2t ddd
= Ao =3 A9 B WAHAXE AlLtste ZE IH(RIVPACS)S 7
ol it AA A9 4o X](EQI, Ecological Quality Index)E 71
o2 SHe AAsAH
HZde FHEBYAH(WFD, EU Water Framework Directive) =
n27] Y8l e TN AN s, AT, AN FAFEE, o F
of tig H7F 71ES At o, 2008 F=7]EAHE 1HF(UKTAG,
United Kingdom Tecchnical Advisory Group)= &3l £874 H7IAAE 5
THOE AckstRon 2013 HFS WESAT

—

e o
ol
ol
£
(0]

4) 5
1956130l AHE FY(F)stH AT4(LAWA, Landerarbeitsgemeinschaft
Wasser)oll A 1976139 st FAH77ES AAHsHoH, AL ArH<
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TANUILE FAHCE HuslFe Fd5g BHFES FASL AT
LAWAA 53 @92 25 Frlstal 9o, #8552 AN E 732
T THS o83} LY EAX(S], saprobic index)ol o]t F
et 22 TH(EFA71EETE), dRY A&, §SdaY 53 22

o
o|gstd A Fe BHEHO =R o|g3tal Th(http://www.lawa.de).

o

Ps
=Y 7143 3 (DNA, Deutsche Normenausschuss)ell &l&f A A H =<
A4 (DIN, Deutsche Industric Normen) 3841004 ¥ FA] < (Abundace
index, A)y& 2t A FAES] MNAT D=0l wet 1~777}1191 A= Yof A
&3ta o, A F7F5 X (Weighting factor, G)& 2 A FAY &2 saprobic
valency®d] Gzl 8 A W} 5552E A{sta Yot LFAEAF
(saprobic index, S)¢] 2 o] &= & AFNE 28X 4x AEE A
st7] 95t E4H(Dispersion, SM) 2 7HAl 5+ FHF5E(sum of the abundance
indexes)E AtEste] 232 Yetfir, eFAEA gl wE frledE B
eFAEALS 72 59 7THAE FES L A

HZde FHEHYAH(WFD, EU Water Framework Directive)
w27] 9fsl 200019 -8 2006744 A+ F5pA R Tlel| mrEh B
T At ol = AT LAWA((2003) 9] 7tol=efl ol whel A =35H4 g7
o] JAH 2006\ °|F EE FHA s doH, LA TSI
of 9% T3 a5 A F(MMI, Multimetric Index)oll &3 F5< Hlu
o 555 BI7HAAC A sEAE G A&sta Ao

2 2 !
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>
p'g

1984 R E wjd A
2,202k ol A 85,9109 0] F71te] 4,0594HL ARSI, 2010\ (H22)9
7o 1858THA| ol Al 71,395% o] FE7lEte] 30004 "L ZAFSIE oW 20134
(H25)9] 749 15229404 59,0539 0] F7hate] 2258 ol thak ALS
ZFasle] AWM A Algo g APsa Yt A A= Ao fisk £

(Species) &3, &, 297} A= S &3 FE45H ot FEF5 S
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3) A A& =A<(BMI, Benthic Macroinvertebrate Index)
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(BMI)e] A9 WESH o) Brieh Y| A-E

SEAT

A A
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S
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22

A 7102 ZAAAHAA =3

t}. BMIo| tf 3+

A, AFTHEA], 5F71F oA Heko] o] FofA]
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4 A4 (KB-IBl)&= S El A

= A AR

s

ks

3 713t7]

el
=

At T

Bl

'(H

reference®} impaired

of wet AHAT. ANIRIFHEFES

—Z
) LN

7]
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Merritt and Cummin, 2006)°14 === AT +H 9 7%, T548, A4 2 A

2 deiet WA 54 5ol 299 34709 FE FES =S HF A

Olt
)

< EF7TY <, EPT(Ephemeroptera-Plecoptera-Trichoptera) 7HA|<+
H(%), -AEFTH(%), ChironomidaeE A9 EFTe NAFH(%),
Shannon® TY =A<, Gatherers 7HAIFH|(%), & X< Filtererse}
Scrapers®] H|&, KSI°o| 3T}

5) AMAANFFHF5= AEHF(ESB, Ecological Score of Benthic
macroinvertebrate community)
Kong (1997)-% Yoon et al. (1992a)2] AZAYEZ & o] &3le] AA
d WNFFHFFE T 8744 T (environmental quality score, Q)5 A
o}OiE} AAd Hg9 &3] HE Yoon et al. (1992a)9] A+ 1971 9]
L A9 6137] FE G2 (sampling unit)ol|l A ZALE AAAE HPFHF5&
T oA Shannon and Weaver (1949)9] TTYEE 4FE3FAL Staub et al.
70)2] 71l wet 24 2T 9] F<A (saprobity)= FHGSATH GFE
Ags 49 A2 AR gt Age ol ANE &7 o] ofstEs
= vl Fol dasta FHAEAY o3tz Qs WAdFo] Adzow F7t
st S =E7F dastER o] X S E o tie AR A7 H 3
T} Yoon et al. (1992a)< 6137} ZETE O FA S T8 7 FF49)
e AMAY dIFAFsE 1731 BRI SR E(relative
frequency)E 7HA 1L LT EALEE QA #FX| (saprobic valency)E 4HE3}
A Kong (1997) Yoon et al. (1992a)] A|FEAYE3EANA 2}
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3 A M2 A3A T Kong (1997)2 373
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712 Isw (@AY WsEs T85)9 sttAAA o FdstEE T4
A7) wjZoll, ESBY ‘wl-+-%¥ & (very good) TH< T IewolHAE &
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BODs

7 o Fa 9= A=
(mg/L) | &
A% B eATE - -
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ST\ oL = 017 01q’
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b A3 AE =Y

- 2AARY] Bed f80 mE 2AEA, ZAPPE(EA B )2
Ax 48, ARET, ARIS 5), B/

- ZPRAAFA018)N A E FAHAT D= WE A WY
FEE JA7eTe] 249 Aolg Jutew el '8}78% 67}
FPO R TRIAFEE(E 3), AAAAVA2ANA o] PP 24}

2 gk e AEse AgatE e AURA BFe Ads 29
.

2 olE A 7HA PR HES(E 4) 2A E B} A
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U AHAR7E

- AR Ee

T

SECIEE

Min, et. al (2019)¢] <¥ 5>%}

Zo] A9

=
I1E=

Z1Eo 2 Ik

shel o,

- =*|: Spatial distribution patterns of benthic macroinvertebrate

functional feeding groups by stream size and gradient in Republic of

Korea Jeong-Ki Min, Ye-Ji Kim &

Dong-Soo Kong (2019)

<¥ 3> FYEHA™MI D5 E o|2¢t st RHEE 7|=E
1xt 27 2A 25
FAMEE (km?) 1A 78 FA9MHA (km?) = (m) 25 7
- pmo < 250 > 450 (56) 78 |
< 4 _
~ =Ror|
714) 714) < 250 150~450 (184) 1-riD I
< 250 < 150 (474) &
250~ 4,000 s 250~ 4,000 150~450 (52) | *& IV
(231) (2”8‘5 250~ 4,000 <150 (179) | =& v
> 4,000 (51) > 4,000 (51) - Fa Vi
Ex: T sdntstel 2018, TMEfA EH=SIM MA g &dbot ol o I
()ete] =Xt= EAMoi4t 9967 XX & Y XA =

<E 4> AFAABAE ALY AN I T F5E A B B AA =

< 93 R FE3
FAHH (km?) 1= (m) 78
> 150 A
<2
S0 < 150 B
> 250 C
<E 5> FYHZAY 1EE o83 JHFHS JE
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First division

Second division

Catchment area (km?) Division Altitude (m) Subdivision (stream type)
<250 (714) Small-scale(714) 450< (56) Type1 (56) Mountain streams
150 — 450 (184) Type2 (184) Highland small streams
<150 (474) Type3 (474) Lowland small streams
250-4,000 (231) Largz:s—:)c ale Large streams (231) 150 - 450 (52) Typed (52) Highland large streams
<150 (179) Type5 (179) Lowland large streams
<4,000 (51) Rivers (51) - (51) Type6 (51) Rivers
Numbers in parentheses indicate numbers of sites.
1) ZAHA 7
CER AW AR me gREE SR FAASH] wg D
T AES AT AR o AA AA(F3] FE2AZ] 2AY AF
o} slfo] A= Aol AT A TRFY A= wgE
NEF ZAAF F4)
AR AR 2N AR £ g0 hF N1ES A FuE
2 g&s] AA
2) 247
- ZAR A I AAAAHE A G (A=, 5, &, TH)SE AlES
- FHOE FERE vAANAAHE 2 T FHAA] e A
A ZAF
3) AL
ARG NS FEE MEANHE 3 24
- AR EF AAA R ZAN A AFE T D-netg ©]&
- E2APZE G8E MAMAHE DN 5 s Ade AdHeR
E
- A 2 AL 4] B A AR oA 2A A &= o3 AAlA 9
el e vl 739 AAAHE dAsted 2AK (Ao BF, 4o

TH)
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H F7h2 2AET

o 1) o=l siEstes AXA BAA 355 34
(B8 FAA AL A 24
o & == 2 TH
ZAP Vs ol 5 X O O
3l 0 3+3 3 3
o 2) ¥ Gl AAAH FAA &AF 3HF FIHE ZARRICH
(& FAA 8 A Z=AD
A& 2= e “piz
Z A7) o] 3L 0 0 0 X
5] - 3 3 3+3 0
o 3) &9t Wl AFetE MAA BAA 52F e 72 3HFH F}
2 ZARY
A& 35 A =
AP s o 7 O X X
3 343 3+3 0 0
ol 4) A&7} BEol et AAA FAA 29} BES 247 3HHY F7)
2 ZARY
kY 35 A Z2id
FAH S A5 X X @) @)
31 0 0 3+3 3+3
4 2R 5
- 37 & 2392708 A A
Pg NS 98 9 2AEH
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B 27 _ M 39 A
<£2(BA%) | 35GHA) 233 %) TREAER)
270 [ BF ] 5 180 180 180 180
o | AF| 3 108 108 108 108
&7 288 288 288 288

1270 7Y x 8AH x 47 HAAAA x 3 x A 18] = 1,152 F A

- ESB 5% MAL 3 AR A

- = TAAE 390 2

T BT T gesaa) [ seean) | 2648 | 29649

12} 135 135 135 135

Z] A

4574 2z} 135 135 135 135
* 4570 AA x A7) T AMAAA x 38 x A 28 = 1,080 AH
CZARS AL AF V2NN BT ZAHEED AR, o A

AAAE 33-H =41
J&(BAA) ZE6AA) 2(BAA)
Z 4 AH 40 40 40 40

A4 A x 47 vEAAA x 1084 = 160 HH

A3 A3

- AR
) ZAAHL FIUE ahe) MaAAA (AL, B, & SR
FEate] ARG
W AA 282 715 3oslr] Y5t D-net (30 cm x 30 cm, mesh
size: 1 mm)& ©] &3] A2 AE=Z 3354 1084 = WA
Aadon], 2 044 ZASAG. APBLe 4 PETU=
WEE Roste] Zetxag Wo] /JEHo2 Yo 95% Ethyl
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alcoholZ 1 A3 & =AH3}IH T}

M A A S o] g hol=3 “t FH
ZAF A 10 10 10 10
ARG ZAFS 4 3 3 3 3

- dlolg e =3t
ZF JbE Slgrof] ti g Hloly 2E 2 7€ A7(Kim et al, 2013; Kong and
Kim, 2015a; Kong and Kim, 2015b)oll A #| Al gt Wil wha} Alf3tett. A
e 1070 HFFEE T3 MAG 555 AL & BFT Sl w2 F
B AArE Be 479 & s =gt oen ddA e e 2o
(= (@).
10!

ey )

wG (10 —n)!n!

n: cumulated number of sample size

55,7 ZAWAC] Wt sl WYY FAHRZFHA (2)F BEThL
AR W, FEAEFSE 4 @

He A (@ 2ok

S : Number of species, S, : Maximum number of species, z : Cumulative
area,

A : Constant derived from the sample data set
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6) =87 H7}t

- 44 H@rket AU #ErlES 1174 /NA"E ESB A&
&sto A4
- TESB % AESB A4 4F4 2]
S
TESB=YQ, z;@
i=1 AESB=
5
TESB: Total ecological score of benthic macroinvertebrate community
(MY HEPHESE SMEES)
AFESB: Average ecological score of benthic macroinvertebrate community
(MMY e EHFzsE HoMEi ™)
s: Total number of species (& &)
Q;: Environmental quality score of i species (=1, 2, 3, 4, 5)
(1 &of st stAZE =)
No. Taxa @ Saprobity*
HY 5= (Phylum Platyhelminthes)
1 | Phagocata P e i A1 4 Os
2 | Dugesia ey ol 3 B-m
413 5 & & (Phylum Nematomorpha)
3 | Gordius A7FAI S | 4 | Os
A A 5 E 1 (Phylum Mollusca)
27 (Class Gastropoda)
4 | Viviparidae =97 o]} 3 B-m
5 | Pomacea AL a-9-5 o] & 3 G-m
6 | Bithyniidae 4] o) 3} 3 B-m
7 | Stenothyra o P B e s 2 a-m
8 | Clithon 7| S 4 Os
9 | Semisulcospira gottschei | 3 TH& 7] 3 B-m
10 | Other Pleuroceridae <7371 Eh 4 Os
11 | Austropeplea o= Tol& 2 a-m
12 | Other Lymnaeidae =g ol#(7EY 3 G-m
13 | Physa sl EEHo|& 2 a-m
14 | Planorbidae Tolgl Eg3yol} 2 a-m
15 | Laevapex WUEAZL 2 & 3 [B-m
16 | Oxyloma WA E-F-Fol& 2 a-m
o] u) 3} 7+ (Class Bivalvia)
17 | Limnoperna HETHA & ‘ 3 [B-m
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No. Taxa @ Saprobity*
18 | Lamprotula coreana TEG=I) 4 Os
19 | Other Unionidae @. 3 7H(7] B 3 G-m
20 | Corbiculidae 2 2} 3 £B-m
21 | Pisidium coreanum A= 5 Xs
22 | Sphaerium lacustre AZy b= 27 3 B-m

ke E—(Phylum Annelida)

27 (Class Polychaeta)
23 | Nereidae EXEERE! | 3 G-m
3+t 73 (Class Clitellata)
24 | Chaetogaster Gl = A | ol & 1 Ps
25 | Branchiura o}7}m| 2| & o] & 1 Ps
26 | Linnodrilus AA ol < 1 Ps
27 | Hirudo FAME S 1 Ps
28 | Other Clitellata s R edl=)) 2 a-m
A A& &1 (Phylum Arthropoda)
A 2+73(Class Malacostraca)
29 | Gnorimasphaeroma & 4 Os
30 | Asellus =% 2 a-m
31 | Gammarus ST 4 Os
32 | Atyidae A Hg o] 2} 3 B-m
33 | Macrobrachium AAT A -5 2 a-m
34 | Palaemon EM -5 3 B-m
35 | Cambaroides A & 5 Xs
36 | Eriocheir A& 2 a-m
= E7]7(Class Collembola)
37 | Collembola EEEE | 5 Xs
=57 (Class Insecta)
3} F4ko] Z(Order Ephemeroptera)
38 | Ameletus e i S e 5 Xs
39 | Baetis tuscatus R 3 L-m
40 Baetis pseudothermicus | S 210}3FF4ko] 2 a-m
41 Cloeon A X34kl & 2 a-m
42 | Labiobaetis AE3FAtol& 3 G-m
43 | Isonychia ‘ix}-r sl F4kol & 5 Xs
44 | Bleptus fasciatus i Al 84k o] 5 Xs
45 Cinygmula T A YAl & 5 Xs
46 | Fcdyonurus dracon g AeEF 4o 5 Xs
47 | Heptagenia ‘g 2ts 4ol & 5 Xs
48 | Eperous T st FA4o| & 5 Xs
49 | Rhithrogena g AsE Aol & 5 Xs
50 | Paraleptophlebia japonica | 2 &) 57 4to] 5 Xs
51 | Ephemera separigata e e - S 5 Xs
52 | Ephemera strigata R Kl Sl 5 Xs
53 | Cincticostella i e S s 5 Xs
54 | Drunella Bl FAtol & 5 Xs
55 | Caenis sHA SR E 3 B-m
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No. Taxa @ Saprobity*
s |0 M C T gy 4 Os
Ephemeroptera
ZA+2] & (Order Odonata)
57 Paracercion S=AZAY S 2 a-m
58 | Ischnura o} A] o} A %} 2} 2] <5 2 a-m
59 Copera AR A 2 <& 2 a-m
60 | Platycnemis =32 e & 2 a-m
61 | Lestes A <& 4 Os
62 | Calopteryx atrata H2=37e 3 B-m
63 | Calopteryx japonica =32 4 Os
64 | Anisogomphus n}ol 7] =¥ 3=} 2] & 4 Os
65 | Davidius 4 SHAA Y& 4 Os
66 | Shaogomphus oY SHRA S 3 B-m
67 | Nihonogomphus FESHAAYE 4 Os
68 | Lamelligomphus @SR Y & 4 Os
69 | Ophiogomphus SHRAE & 4 Os
70 | Sieboldius o Y &3R5 4 Os
71 | Stylurus S SHRAY S 3 B-m
72 | Trigomphus MM SR Y & 4 Os
73 | Boyeria W) & 2] kA 4 5 Xs
74 | Other Aeshnidae SR (7] 3 G-m
75 | Cordulegastridae bk 3 4 Os
76 Corduliidae A&7k A 2] 7 3 G-m
77 Macromiidae A= 4 Os
78 | Orthetrum DA & 2 a-m
79 | Sympetrum 3R 4 2 a-m
80 | Deielia Dzt oS 3 B-m
= & (Order Plecoptera)
81 | Plecoptera FECE | 5 Xs
=R &5 (Order Hemiptera)
82 | Hesperocorixa =345 2 a-m
83 | Micronecta R 2 a-m
84 Aphelocheiridae =R 3 3 B-m
E3AE] & (Order Neuroptera)
85 | Corydalidae EERE! | 4 Os
=4 g = (Order Coleoptera)
86 | Helochares SEduo]|& 2 a-m
87 | Laccobius HEGdo|& 2 a-m
88 | Elmidae of & ¢ 4 Os
89 | Psephenidae =5tz 4 Os
3}2] & (Order Diptera)

90 | Antocha s Rt i s 4 Os
91 | Dicranomyia FHAN7 A0 AH S 4 Os
92 | Dicranota W74t % 4 Os
93 | Hexatoma AN AT A% 5 Xs
94 | Nephrotoma A AL 4 Os
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No. Taxa @ Saprobity*
95 | Pedicia T i i e 5 Xs
9 | Tipula AgA& 3 B-m
97 Psychodidae (B i Eed el 1 Ps
98 | Dixidae b= 7) 3% 2 a-m
99 | Culicidae 2713 1 Ps
100 | Simulium HyE| & 4 Os
101 | Ceratgpogonidae AR 4 Os
102 | Chironomidae 7z} 3 2 a-m
103 | Blephariceridae EU 57| 5 Xs
104 | Athericidae 7N &5oll 3% 5 Xs
105 | Stratiomyidae T ol 5ol % 2 a-m
106 | Empididae =32 3% 4 Os
107 | Dolichopodidae e 9] 3 4 Os
108 Tabanus kinoshitai o Hdg5 4 Os
109 | Other Tabanidae 71t Sl 3 L-m
110 | Syrphidae =503 1 Ps
111 | Ephydridae =732 2 1 Ps
112 | Muscidae A a2 3 1 Ps

g = g = (Order Trichoptera)
113 | Rhyacophila brevicephala | W28l 2% 4 Os
114 | Rhyacophila KUb =258 KUb 4 Os
115 | Hydroptila ket 4 Os
116 | Wormaldia dedeg sk 4 Os
117 | Cheurmatopsyche wnrtEd Y& 4 Os
118 | Hydrgpsyche KD =259 KD 5 Xs
119 | Other Hydropsyche =2 =Y £5(7]HY 4 Os
120 | Macronema radiatum ZEEEY 4 Os
121 | Ecnomus tenellus Ha gy 3 L-m
122 | Psychomyia FEEHE 4 Os
123 | Apatania N FEIEYE 4 Os
124 | Gunaga dd =g 4 Os
125 | Molanna moesta 2E = 4 Os
126 | Ceraclea UHlg =& 4 Os
127 | Mystacides AUnig =g & 4 Os
128 | Other Trichoptera =8 571D 5 Xs
U] &(Order Lepidoptera)
129 | Crambidae ErERE! 2 [ am

* Xs: xenosaprobic, Os: Oligosaprobic, S-m: [3-mesosaprobic, a-m: a-mesosaprobic, Ps: Ploysaprobic
Z) 22| Q= & ESB 44 Al 844 W4 299 Rolalm AESB 44 Aol 79)
- AMPA Y FH T = &7 d A (environmental quality score, @)
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- A=mAded A0 @43 H 55 TESB 3 AESB 71+

ok

. 54 5 dx
7 e TESB AESB
TTHEA =l A T8
ol -4 > 82 > 37 -5 egs | FARZSY
*3 > 63 > 3.1 = E2=4 R34
R > 35 > 26 HE B3 o &
B > 15 > 2.1 s L M4
of & = < 15 < 21 st g | AN Y
- ESB 73t W& 44 3l e EAd Bk
&h2 ArEf 5 9 A
T ESB 2734 v A o - 45| ESB | oFAEAY
A | 8ol | WMeYE | H9HARESY
- I 51 o4 | Wy
B 61-80 FE AR T
C 41-60 iags Ro4d
I 2150 | B-FHFA
D 26-40 = N4
E 13-25 B3 R B m 9-20 -4
F 12 08k | vigEE | HSHAANFS | N-V | 8l | ARFA
a7 A
1. ZAHEA 3
7h vEAAAE AAE dEdFAFsE diedil=
A & Z=ARAA A el A mlaAAAE o 2 (Riffle), EF(Run), &

(pool), ¥ (Riparian)®] A A I FHAFEFEY RN E £4 2345
T3l tEH 2 HAaAAAE EolFe AAEAY. A=A = Epeorus
pellucidus(77.9), Simulium sp.(76.4), Ecdyonurus kibunensis(63.6)7} &2 H]
2 ZHAH(FE 6). TFANA = Ecdyonurus kibunensis(57.2), Epeorus
pellucidus(50.3)7} &2 HIE&E Z=33sAT. Epeorus nipponicus(35.7),
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Cincticostella levanidovae(30.0)= A=A ¥ SR, SFoARE
g AES AT A& 59 HAE vug A dF FELS F
= SUNES BoH, 8%l s Uey o3 559 ©
A8 FE= W8S FEAVI= oH S Ao A=

levis(40.0), Ecdyonurus kibunensis(5

Labiobaetis atrebatinus(56.6),

KUa(31.9)7} £& &2 Eds9 o Ae

T, oA 208F, FHAAE 203F0] AT gutFow
B2 Fo| =33 & 2o wrafl Aof R FA ¥ B
e Ao g Hol 49 FHF AMAstes AAASo] B thefet A
T Ao WE A3E HAth dF =2 4d sV ER =9
A 2] ¥ Chironomidae sp.(non-red)x A B]AA A XA & B

s o

Baetis fuscatus, Limnodrilus gotoi, Dugesia sp., Semisulcospira libertinat—
o 2 A 2o Ho HE 2 st Mydo] ol Aoty 1 v
H &2 233 YA T A=

Bz 4qA B sgon,

=y
=
=0 y
S L.
St

Ha

ol

& A Chironomidae?]

.
%

=a=
)

4

s 0] Al

1B 2= 0
“r‘ dET
S =
]:'_l_.

ofN

Ecdyonurus
Hle2 =9 skt s
Davidius lunatus(36.3),
<+ 197,

Lepidostoma
SEAM = 193
of £ ol A
o] =d

gurtA o7 A4 A A A
F7hH9 A7 Bey Aoz

AR GO e v aM A AHE v aMHHE FolF

Riffle Run Pool Riparian
(& F2=197) & £2=193) (& E2=008) (& £2=003)
3 Yot ek Yot 5y Yot 3 oo
Chironomidae sp.(non-red) 91.4 (Chironomidae sp.(non-red) 95.2  |Chironomidae sp.(non-red) 952 |Chironomidae sp.(non-red) 85.8
Baetis fuscatus 80.0 |Baetis fuscatus 71.0  |Limnodrilus gotoi 64.8  |Baetis fuscatus 69.0
Epeorus pellucidus 71.9  Limnodrilus gotoi 67.6 |Baetis fuscatus 47.6  |Semisulcospira libertina 57.5
Simulium sp. 764  |Dugesia sp. 61.4  Semisulcospira libertina 46.9  |Labiobaetis atrebatinus 56.6
Dugesia sp. 70.0  |Ecdyonurus kibunensis 57.2 Dugesia sp. 428 imnodrilus gotoi 47.8
Ecdyonurus kibunensis 63.6  [Epeorus pellucidus 50.3  |Ecdyonurus levis 40.0  |Davidius lunatus 36.3
Teloganopsis punctisetae 61.4  |Ecdyonurus levis 46.2  |Ecdyonurus kibunensis 359 ugesia sp. 354
Baetiella tuberculata 60.7  [Semisulcospira libertina 44.1 |Ephemera orientalis 352  |Ecdyonurus kibunensis 345
Limnodrilus gotoi 57.1 |Choroterpes (Euthraulus) altioculus ~ 42.1 |Ephemera strigata 324  |Lepidostoma KUa 319
Hydropsyche kozhantschikovi 55.7 [|Teloganopsis punctisetae 414 |Procloeon pennulatum 29.7 |Ephemera strigata 319
Baetis ursinus 54.3  Wntocha KUa 379 |Choroterpes (Euthraulus) altioculus 27.6  |Semisulcospira forticosta 31.0
Cheumatopsyche brevilineata 529 |Ephemera orientalis 34.5 |Davidius lunatus 27.6  |Procloeon pennulatum 283
Rhyacophila nigrocephala 457  |Simul sp. 33.8 [Chironomidae sp.(red type) 25.5 |Lepidostoma KUb 28.3
Nigrobaetis bacillus 42.9  |Baetiella tuberculata 33.1 |Semisulcospira forticosta 24.8  |Ephemera orientalis 25.7
Semisulcospira libertina 40.0  Hydropsyche kozhantschikovi 33.1 [|Ecdyonurus joernensis 22.8 Serratella setigera 25.7
Antocha KUa 40.0  [Ephemera strigata 31.7 |Ecdyonurus bajkovae 17.9  |Calopteryx japonica 24.8
Serratella setigera 37.1  |Baetis ursinus 31.7 Mystacides KUa 179  |Ecdyonurus levis 239
Choroterpes (Euthraulus) altioculus 357  Rhyacophila nigrocephala 31.0 |Serratella setigera 17.2 |Nothopsyche KUa 23.0
Epeorus nipponicus 35.7  |Cheumatopsyche brevilineata 30.3  |Potamanthus formosus 16.6  |Teloganopsis punctisetae 22.1
Cincticostella_levanidovae 30.0 [Serratella_setigera 29.7 _Sieboldius_albardae 15.9 sellus sp. 22.1
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25

20
16 16

15

11

10

4

:-z
o w
- q
w
~ ~

2 2
1m Riffle 1mRun 1m Pool 1m Riparian 1m Riffle 1mRun 1m Pool 1m Riparian
DO specific @ other specific DEPT OOCH Oothers
25

21

1 20

15

10
10

:-
w
=
o}
o w

30
25
20
15

10

20

15

10

25
20
15

10

4 4
2m Riffle 2m Run 2m Pool 2m Riparian 2m Riffle 2m Run 2m Pool 2m Riparian
Ospecific O other specific DEPT OOCH Oothers
30
25
21
8
20
12 15 &
< 10
7
2 0
3m Riffle 3m Run 3m Pool 3m Riparian 3m Riffle 3m Run 3m Pool 3m Riparian
Ospecific @ other specific DEPT OOCH Oothers
19 20
17
15 4
15 s 5
4
10 T
10
4
5
5 6
3
2 0
4m Riffle 4m Run 4m Pool 4m Riparian 4m Riffle 4m Run 4m Pool 4m Riparian
Ospecific @ other specific DEPT OOCH Oothers
30
24 25
21 9
20
9
12 13 15
N . .
1 5 2 6
’ [ ]
2 2 0
5m Riffle 5m Run 5m Pool 5m Riparian 5m Riffle 5m Run 5m Pool 5m Riparian
Ospecific O other specific DEPT OOCH Oothers
H A A Al So]F AelEFed 9 5
=z =2 0 1}\‘ U]A‘?,]HE ===~
2. 2T BEFY vAaAAHE W AEFTE SATT
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25 25

21
20 20
16 16 16 6
15 15 T
16 6 6
10 1 0 10 . o 2
15 2
14
5 5 9 10
8
5 5 6
0 ~ 0
1t Riffle 1t Run 1t Pool 1t Riparian 1t Riffle 1t Run 1t Pool 1t Riparian
Ospecific O other specific OEPT OOCH Oothers
25 > 35
21
20 = 30
16 25 8
15 14 17 20 . 10 s
* 15 i z
10 13 4
10 20
15
5 5 5 = 1
5 5 5
0 0
2t Riffle 2t Run 2t Pool 2t Riparian 2t Riffle 2t Run 2t Pool 2t Riparian
Ospecific O other specific OEPT OOCH Oothers
25 22 n 30
25
20 8
16 &
20 8
15 13 13 : 2
16 15
7
10
s 10 o s
12
15 15
5 9 5 10
S 3
0 1 0
3t Riffle 3tRun 3t Pool 3t Riparian 3t Riffle 3t Run 3t Pool 3t Riparian
Ospecific @ other specific DEPT OOCH Dothers
= = = oy = =5 %>~
A A Eolx AEFIE 28 5

99 3 2FA AR MAAAAE L ASRFEE 2AES

o EE A4 HAd3 F4(clustring) &4
1) 7 A24A
w73 A AR dEets 13 A AHAARY HskR 59 A F7HA]
55 ©]&3tY Jacard A2l S AW I Ward's Group 92 < ©]
S(clustring) &4 sttt /ol lFet= 19, 29 AR | oL,
, &27F dtue)l IR Yyl Y FeEes A3E BATH(1E
FAKY Tl slEst= 3 A FE FHeFr<l 58 AFHTMA = oA+
I EFo] e OFOE, &9 o] OE OF0E FEIEJT 19 2
H 2ol A7t FelFGB~5MAH) Y Aot = et olf= # X

ofo
ok
)
g e
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L £E3) Fo] wl FobA APA 4 AHHE TR
o] 3]

B
Qom, £E9) sZo] WUR F-a5ol Hls

st A A ST o B &o
AAA7L BEEA FEHY] GEUD o2 A FURE AN o2,
5%, 29 AR} NSaA et Aoz pedd W §Zo] Y
o7 FIFREE A4 Tiol TS FRHAA fol Uk ol
3 580l o] IFOE A&l gl &9 FWo] BE 1FOE %2 2
o % ddHYG
1 2
Distance (Objective Function) Distance (Objective Function)
2201 3JEO01  S2E01  6TEO1  82EI 24E01  42E01  6EO1  TSEO1  9.6EQI
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2. T4 TF
7t 39 TF
D vlo]lmZEZAZTE
7H AE Project(Al for Earth)oll 5H %t &2 &=}
W A J3PEE T2 A EE Accelerating image-based biodiversity,
Land cover mapping, Premonition, FarmBeats &<
2) ml=r =y 338t ATHNSF; National Science Foundation) & = tjst
7h HAIH Y-S ol &3 2/ AR Ag=E &4 3
) ) EAXEBrdE % 7€ #EAEe AN AZAARE &85t
|59 olF A& uet
3) ¢tole™ tigl, Uber Al Labs &
7hH oA ZEE AR HEld AN S A&t TR

gAAG S ZRAE I

W) AlEAE] ZHFA(Serengeti National Park)ollA] 29 3.29 vk
oA E AHETlY, F T B AtE AEEC] 99%7HA 24
Biodiversity and conservation
* Precision monitoring of ecosystems * Detection of unauthorised animal capture
* Bird habitat and migration pattern prediction ..o coissiseesnnsnnens * 1mage-based detection of illegal wildlife rade
* Simulation of animal and habitat interaction * Poacher route prediction and high risk animal

* Habitat loss detection and monitoring tracking
* Micro drones for pollination * Food value chain optimisation

* Optimised breeding of plants * Supply-chain monitoring & origin tracking

* Register & rading of biological & biomimetic
aszets

* Plant species identification

* Machine-automated land-use detection linked
o ecocystem payments

* Pollutant dispersal prediction and tracking
* Analysic of urban runoff quality issues

+ Machine-automatad biodiversity anaysis
* Smart mosquito traps
* Plan: disease identification & detecdon

% O|0JZ] £%: World Economic Forum(2018.1), Harnessing Artificial Intelligence for the Earth
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Category Variable Unit
Annual mean temperature ° C

Mean diurnal range ° C

. [sothermality ° C
Climate Annual precipitation %
Precipitation of wettest month mm

Precipitation of driest month mm

Altitude m

. Distance to river m
Topographic Features Distance to urban area m
Distance to natural area m
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1) Generalized Linear Model(GLM), Random Forest(RF), Extra Trees(ET),

Extra Gradient Boosting(XGB), Light Gradient Boost(LGBM),

Artificial Neural Network(ANN), Deep Neural Network(DNN) a7
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% 2. Fgol ug ) mde] A AX Mg B vw A
Model Evaluation Metrics (Avg.)
Accuracy Recall Precision F-measure

GLM 0.72 0.75 0.69 0.72
RF 0.83 0.71 0.92 0.80
ET 0.90 0.86 0.92 0.89
XGB 0.92 0.89 0.90 0.91
LGBM 0.91 0.84 0.92 0.91
ANN 0.60 0.60 0.60 0.60
DNN 0.71 0.71 0.72 0.71

<]

2) RF, XGB, LGBM ®dx H|wA <

DNNe] walo] ¢ o &2
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& Aee HIJou GLM, ANN,

Evaluation Metrics (Avg.)

Model Accuracy Recall Precision F-measure
GLM 0.80 0.78 0.81 0.79
RF 0.87 0.88 0.86 0.87
ET 0.90 0.91 0.89 0.90
XGB 0.89 0.90 0.89 0.89
LGBM 0.89 0.91 0.88 0.89
ANN 0.51 0.51 0.28 0.36
DNN 0.79 0.79 0.79 0.79
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