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A Comparison of Bioacoustic Recording and Field Survey as Bird Survey Methods™
- In Dongbaek-dongsan and 1100-altitude Wetland of Jeju Island -

Se-Jun Choi*?, Kyong-Seok Ki**
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ABSTRACT

This study aimed to propose an effective method for surveying wild birds by comparing the results of
bioacoustic detection with those obtained through a field survey. The study sites were located at
Dongbaek-dongsan and a 1100-altitude wetland in Jeju-do, South Korea. The bioacoustic detection was
conducted over the course of 12 months in 2020. For the bioacoustic detection, a Song-meter SM4 device was
installed at each study site, recording bird songs in 1-min per hour, .wav, and 44,100 Hz format. The findings
of the field survey were taken from the "Long-term trends of Bird Community at Dongbaekdongsan and
1100-Highland Wetland of Jeju Island, South Korea. by Banjade et al. (2019). The results of this study are as
follows. First, the avifauna identified using bioacoustic detection comprised 29 families and 46 species in
Dongbaek-dongsan, and 16 families and 25 species in the 1100-altitude wetland. Second, based on the song
frequency, the dominant species in Dongbaek-dongsan were Hypsipetes amaurotis (Brown-eared Bulbul,
33.62%), Horornis diphone (Japanese Bush Warbler, 12.13%), and Zosterops japonicus (Warbling White-eye,
9.77%). In the 1100-altitude wetland the dominant species were Corvus macrorhynchos (Large-billed Crow,
27.34%), H. diphone (19.43%), and H. amaurotis (16.56%). Third, in the field survey conducted at
Dongbaek-dongsan, the number of detected bird species was 39 in 2009, 51 in 2012, 35 in 2015, and 45 in 2018,
while the bioacoustic detection identified 46 species. In the field survey conducted in the 1100-altitude wetland,
the number of detected bird species was 37 in 2009, 42 in 2012, 34 in 2015, and 38 in 2018, while the bioacoustic
detection identified 25 species. Overall, 43.6% of the 78 species detected in the field survey in
Dongbaek-dongsan (34 species) were identified using bioacoustic detection, and 38.3% of the 47 species
detected in the field survey in the 1100-altitude wetland (18 species) were identified using bioacoustic detection.
Fourth, the bioacoustic detection identified 9 families and 12 species of birds in Dongbaek-dongsan, and 3
families and 7 species of birds in the 1100-altitude wetland. No results from field survey were available for these
species. The identified birds were predominantly nocturnal, including Otus sunia (Oriental Scops Owl) and
Ninox japonica (Northern Boobook), passage migrants, including Larvivora cyane (Siberian Blue Robin), L.
sibilans (Rufous-tailed Robin), and winter visitors with a relatively small number of visiting individuals, such
as Bombycilla garrulus (Bohemian Waxwing) and Loxia curvirostra (Red Crossbill). Fifth, the birds detected
in the field survey but not through bioacoustic detection included 18 families and 48 species in
Dongbaek-dongsan and 14 families and 27 species in the 1100-altitude wetland; the most representative
families were Ardeidae, Accipitridae, and Muscicapidae. This study is significant as it provides essential data
supporting the possibility of an effective survey combining bioacoustic detection with field studies, given the
increasing use of bioacoustic devices in ornithological studies in South Korea.

KEY WORDS: MONITORING, NOCTURNAL BIRDS, SONG METER, RAMSAR WETLAND, WETLAND
PROTECTED AREA
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< Sk AS AR I E REs] FTBskaL St
(Hobson et al., 2002; Venier et al., 2012). Kahl et al.
(2022)> =214 RUEFo] o g Adolld 4] 532 A
AAE At e RUEFsHE A CR Sa%E A
Holel ArgshaA 53] BEL7]ol At 27 At =Y
Eesp] sla w8l Meoleh LA, Vu er al
(2020)= 2 A5 HUEES 27 A EYE
&3t Aor AFESITL AsHEA A7 wlgRE
Crested Argus (Rheinardia ocellata)(IUCN ZAEZ2: EN)
£ As=5 AAE o8l "HASKAL, 1 AE E3l Song
Thanh 241 235 G99] Faiol| gt ZAE AAskIch
E3h ofghell Wb A sk ] whiell o/ Bkl
£ HYERS| 9fet W os 39F 5-530] [-2|5ltH(Robb
et al. 2008). Buxton and Jones (2012)-2 BIGHA| A4 A=
QI =24 "o ook 89F HUE ek ZAE B
o2 o] HolAl= i =ATEAIA WASk= oA
HISHY A AEskei:

I BEST 532 B oRIXF 2A] A8 7R
B7HE flelixe A AR HlaL FAJo] F a5t (Hobson
et al. 2002; Acevedo and Villanueva-Rivera 2006; Rempel
et al. 2013). Celis-Murillo et al. (2012)= 2] 24 S0
A7 25 5 SRSk £ 7K waE 20 59)0)
Aol vlng g8} 7S A A7 A4 15% F
13F0] 2= AAY f3ol sl =50 B AR =AU
22 "4 gEo] uEhdth YA 2F(Black-throated
Bobwhite, Colinus nigrogularis; Spot-breasted Wren,
Thryothorus maculipectus) Z2%]2} 3ot HEo||A] 391
E AR ¥ =2 'A 53 U Hla 2ukE F9l
AR 5, 2HA] Algte] ks 4= e FriRIYelA 23F
o O FHEel MY, A wdE Al et A8A
ol whriolel FsiGirk =3k YR £ A9 F o] e
o] 7P ARt 4= Q= AnE AlFgivial A9stglct. Leach
et al. (2015)= ARk AR F<F oA A1 o] & wx
ARBAL 7|8k ARl HPel RAS AR, o
SN 2579 F tldE A AR A S RUET
= &l Hlweglet. & 7R WS ARgsto] 'AE Folle
FEE A Fol AUMARE, A AR FEEA] o
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AR = AT S EAKN33.52°, E126.72°)2} 110032
A £A(N33.36°, E126.46°)0|cKFigure 1, Table 1). A%
Sulge] A% UehyEaee] AAYOR Fufel i 44
HET0R AYElo] LN, 940 YT, BET AR,
ClRt oPBER] A S Q1S ol ehlsA
AH0113.14) 58Ik 53], S Hegu]t 4xE H
B2 AP URE) S SR R SAIARE 25
of HAlol FATHER] ARIIAR opgRol] Fa3t
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Figure 1. Map of study sites.

Table 1. Information of 2 study sites

No. Site Latitude Longitude Remarks
Jeju Dongbaek-dongsan N33.52° E126.72°
- - Ramsar wetland
2 Jeju 1100-altitude wetland N33.36° E126.46°

29 3L 9%t AH|= Song Meter SM4 (Wildlife
Acoustics Inc., USA)o|th A= T AL AIA] Yolla] -8
o] gold A or HtE= YRS AA5te] 0.5~1m =o]9
2z AASAT: =S AR v AR 124, wavael
44,100Hz ZHO= sIict. gloly 3 2 84 77k 2020
19 1919 129) 3120366k 2400 FEl w8
AL E 17,5687(F 54 110024] 54| 7} 8,7847H) Lk
E=oule] B 5 7208 Adobe Audition CC (version 6.0)
2 olgal £MTHE BT AT HERAE Belslsick
% vle} 7] B4 song call: 9l 2l 54 sigle.
o 25 A7 3§ EZE(https://xeno-canto.org)2 AT
E42Q1 songi} callo] ERIEGISO= FARE 22|58 U=
Fato] o] ofgicky Tk 49 viEHoR ¥Rl 23t
o= EZFAZIA] itk

A Ao} RS Y 99 B At Hele et 2
o] Xg¥sidict A WA, SHutd A4S Sl EIE T2
PUEN] 1100317] 7] 212 ] % 528 2pajo] B

O ~10 v o =

B &5 WEE Aok &5 Wee 1o 3 ¥ ol
21 14 Hojsl= HAlS HelthKi et al., 2016; Gim
et al., 2017; Choi and Ki, 2019; Choi and Ki, 2022). &+
WA, Al FEAE 110034] SA1E tVdes a8 A
MARE 97 =R Agsle] Au uluE AASI.
Banjade et al. (2019)2] "A|F ZuwlEAl} 1100327 532]2]
2R 7R A9 s 1100324] G404
AAske 5] Ft ARG WEA sleke BHoR st
Stk ZAR= 20094, 20124, 20154, 20189 Z+ Hwnjct
Az 3~aros 148 2do] ZAIE AAsh XA}
AZEE 06:00~10:00, 14:00~18:008 S35, oFfA %
3 BRI 91 7k 2AAA ob 2AH: FWA 2R
=3I5IIe. AL 21} 5 323 865 (-4t - 78, 110012
A FA - 4780 2R7F BRI A3 FRe A%
2} ke Ea A $4E e vl MAHel
P ATEL FEoR BRIE F, S HAE 9
ARk ERRIE F, % 2AE oAt Sl TS5 = UE
Woi Hlw A5Gt w8 /MEEEEs, ue
Birdlife International®] WH-E ko, 22 f24 <=
A AREE] deiie sl 2RSS Jarskich(Park,
2014).
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7E:IJ_1I' n*' __,Lg 60 [ Field survey (Banjade ef a/, 2019) ————— Bézf;g:;ﬂc
50 45 46
1, 2SS BIX| 7|HoR HX|E & 21 w |23 55 54 *

_ - _ 30 % § § 25
BEET B 71NS BE BuE ol shelel 2RAe o | BN \ X N\
203 d6goleK Table 2). 7F B0 0] Bls T 582w | N N\ B\ B\
£ 3050 BRI, Y e ol B g oz 1F o (AN M N EN | BN
2009 2012 2015 2018 2020

o] gRIL|}lct MARTFT O R FEL| ofE THo=
W(Falco peregrinus), ZH|'E7|(Columba janthina), A3
(Pitta nympha), 712D (Terpsiphone atrocaudata) 4%
o] ERIEQILE AA7IdE=E v, FZEEOIF. tinnunculus),
SH)E7), FA(Cuculus poliocephalus), 2R (Otus sunia),
& E0Jo|(Ninox japonica), A% 7E0] ElEQr) 8220
HIE=7E 71 A Vet 2 A (Hypsipetes amaurotis)
B AA 259 33.62%5 AR[BISITE L FE olof it
(Horornis diphone)7} 12.13%, SR \(Zosterops japonicus)
7} 9.77%, W8 E7|(Streptopelia orientalis)7} 8.57%, =5}t
o\(Sittiparus varius)7} 7.66%, BN (Parus minor)7} 5.33%,
ZREEA(Corvus macrorbynchos)7t 4.13%5 AFA|SHAT
1100324 SAJOA] BRIE 274 163} 25F0|c}. 71
o] FRIE 22 5= F 18F0] FRIFIL, 7HE 22 Fo]
2RI G2 148 750 ERIFT MRS TR HES
7] opddE THo= Z1eAy 150] ERI=ELE Held=
B 74 150] FERIFICE 1100324] Sl 259 Rl=rt
7V A et S8 SRR A &30 27.34% 5
A8t 7L F1E olo] ARiutetAizt 19.43%, AHte] 7t
16.56%, 1=41017} 9.21%, S9N/} 8.73%, F=490] 5.33%,
A7 4.72%5 ARSI

2. d=3g Xl

N

|t HEYZAL| Zt H|w

A XA} ‘Banjade et al. (2019)E E3] ElE 249}
e 94 7S S8 ERIE 45 vast A=
Chet Ati(Figure 2). F9W-5AS] 9 20099 395,
2012 51, 201549 355, 2018 455%0] FAFE| T, A
o HA 7IHE Sl 4650 SRIFHIE 1100217 &
2]9] 7020099 37%, 2012 42%, 20154 34%, 2018
| 38F0] AL, ST A 7IHE F6l 25%0]
SHRI=| et

THHOE Y RALE ol FUEAIA ERIE 18F F
43.6%°21 34%, 110022A] SA|o|A BolE 47% = 38.3%¢91
18F0] BESF ©A 7IHe=m 2RI

BB Dongbaek-dongsan N} 1100-altitude wetland

Figure 2. Comparison of the number of species identified
through field survey and bioacoustic detection.
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FHsttollA A 2ARE AR HAE o 2RlE &
oA 3F S 243} 34F0|3ltK(Table 3). 71 F A% £A}
47) Aol mf BRRIE T BESTF BA] 7S ol 8%t
2 QoA mtE SRIElom, it FO == W(Phasianus
colchicus), RIE7], 74, TAZx, 71aey, S5,
AX|(Garrulus glandarius), 7¥X|(Pica serica), 3L=5}0], BF
M, ARI(Hirundo rustica), 28t-e], FHM, oA
(Zoothera aurea), YW&M(Chloris sinica), =FEHIA
(Emberiza elegans)©|t}. 110032R] SX|of|A T ZAKR} A&
+F HAE B9l ERIE F Sl 5 T2 151} 18%0|3rk
15 @ A7) mollA i sRRlE T2 AEST ©H
7S oF8Rt & oA B ERIEgleH, i For=
B, nlE7], £, 57, 9, Z9(Periparus
ater), 310l Av], Adl=te], FHA, Z5A(Troglodytes
troglodytes), SEAM, S8 AN (Ficedula zanthopygia),
S82WN Granoptila cyanomelana), EW\(Fringilla montifiingilla),
eIk

SUIEAI0] 79 A ZAOIA] BRI SISk MBS
o 'A 7o gelE B2 93 12%0]3laL, HiEAoR
AR, L350, 2= (Caprimulgus jotaka)2} 732 of3)
A 2529} E&A(Phylloscopus  tenellipes), 2524
(Larvivora cyane), ZMN(L. sibilans)2} 22 YIHA7} Qdck
(Table 4). &% ZAPIA SRIE F Folli F=3F ©A
7RO ERIEA| ok F2 183} 48F0]QlaL, iAo
W 2 74 Ardeidae) 2} 48] Accipitridae)7} Tk 1100113
FAIY] 7S AR AL ERIER] QAT ST T
7o g SRolE 2 QE=0|(degithalos caudatus), 7S
HE WA (Spinus spinus), S3(Loxia curvirostra), FA|
(Coccothraustes coccothraustes) 522 & 33} 729] Ag
7F RAE| ST @ 2APIA ERIE F Folli] S '
7o SRIER] o2 T pYdE HiRs FAY
(Cuculidae), S| ja{Motacillidae) 5 & 141} 27F0]3]ch

o r

o
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Table 2. List of birds recorded using bioacoustic detection techniques at Dongbaek-dongsan and 1100-altitude wetland

Family Specific Dongbaek-dongsan 1100-altitude wetland
name name Scientific name Month (2020)
(in Korean) (in Korean) 1 2 3 4 5 6 7 8 90 10 11 12:1 2 3 4 5 6 7 8 9 10 11 12
Ay A Phasianus colchicus 7 65 37 14 1 3 1
Xl Yok Aix galericulata 5 23 70 7 12 2
Wz} 7] Ardea cinerea 2
| 22}7]  Nycticorax nycticorax 1
ozt ufj Falco peregrinus 1
azZo| Falco tinnunculus 1
bl HE7L 2] Buteo japonicus 2
Lry|ah A EY Gallinula chloropus 1
=7 W Q Tringa ochropus 1
WIH|E7]  Streptopelia orientalis 1 49 155 145 147 169 90 28 1 2 2 2 2 3 2
uj% 7]}
SH|E7) Columba janthina 1
Rl Cuculus poliocephalus 36 60 67 1 88 193 121 23
FAY  ALSMIL7] Cuculus micropterus 2
7] Cuculus canorus 1
Sujuat :\;@,Oj]i] N.Otus AsuniaA 10 17 3 1 1
S inox japonica 7 9 3
2 1k 22 Caprimulgus jotaka 1 22 13
2 A Alcedo atthis 1
A 23} QPSRN Pitta nympha 32 80 21
71312) .
Wy 17N Terpsiphone atrocaudata 33 102 64 16 1 1
SRtk Corvus macrorhynchos 31 34 55 51 33 21 22 25 22 29 24 31i185 180 271 214 168 148 87 98 147 283 223 176
P 77}1:1};:,1] Corvus mr(me‘ 1 3
o]%] Garrulus glandarius 1 3 1 4 1 7 4 3 2 4 4
77} Pica serica 25 13 6 8 14 4 1:10 4 7 5 1 1 1
o] A1k 2ol Bombycilla garrulus 1 3
1oy Parus minor 20 46 73 8 68 33 43 30 S5 32 20 33i 6 22 44 72 64 24 21 47 30 40 S 1
v 2} ZERAy Periparus ater 1 1
L] Sittiparus varius 41 65 85 130 90 26 35 24 17 46 47 95:41 77 106 136 8 50 23 40 44 40 39 52
Av)zk AH] Hirundo rustica 1 1 1 5 2 1 5
eERol  QEo]  Aegithalos caudatus 5 17 14 12 3 3 4 13 5 4 4 2 1 1 4 9 5
Aukte]y; A€kl Hypsipetes amaurotis 195 193 249 329 410 367 296 240 45 229 277 247:31 13 10 62 208 210 168 118 127 210 76 87
Slulat A3udAl Horornis diphone 3 10 114 204 227 211 228 31 29 27 15 11 1 85 220 396 364 321 107 40 14 1
AN Phylloscopus coronatus 2 5
LA 1 E&A  Phylloscopus tenellipes 1 1
el =S Phylloscopus inornatus 6 5
FHA 2k FHAY Zosterops japonicus 37 50 98 131 96 82 119 114 3 55 38 71 22 95 129 114 62 175 55 34 9 1
=5 ZEA Troglodytes troglodytes 1 1 301 1 3
Aw . SR Zoothera aurea 4 42 79 111 52 46 4 17 13 11 3
252 Larvivora cyane 3
JRETY =R AY Ficedula zanthopygia 2 1 23 8 1
258 Gunoptila cyanomelana 1
A Larvivora sibilans 6
| A 1k 3= Anthus hodgsoni 1
A Fringilla montifiingilla 11 6 9 1 11
H-E A Chloris sinica 2 6 15 17 26 28 20 5 8 9 111 1 3 5 1 24 117 105 43 3
st @%TE]%"%AH Spinus spinus 13 11 30 34 28 14:9 4 14 12 44 8
ALY Loxia curvirostra 2 6 8
A Coacathraustes coccotfvaustes 2 1 1
SR UsIE2]  Eophona personata 2
WA YA Emberiza elegans 1 1 2 40 49 3 11 1
Number of Species 13 12 17 25 30 21 17 16 11 14 15 14:7 10 16 14 18 13 12 13 12 10 10 10

Total Frequency 357 460 859 1221146012651128 677 230 484 482 528:283 308 610 878 11891143 809 645 571 748 447 342
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Table 3. List of birds recorded common to field survey and bioacoustic detection techniques at Dongbaek-dongsan and
1100-altitude wetland

Dongbaek-dongsan 1100-altitude wetland
I-’(?Irlmll(yorrézrl?)e SZiCl]E(C)r:::)le Scientific name Field survey Bég?:;?szc Field survey Bé‘(;?:;?sgc
‘09 ‘12 15 ‘18 20 ‘09 ‘12 ‘15 ‘18 20
B 3 Phasianus colchicus . . . . . . . . . °
LA A Aix galericulata . . .
7] Ardea cinerea . . °
e
3227 Nycticorax nycticorax . .
- uff Falco peregrinus . . . .
ol Falco tinnunculus . . .
S22t 457k Buteo japonicus . . .
Wu]E7] Streptopelia  orientalis (] . ] . . ] ) ) . .
Hl &7 -
SHE7] Columba janthina . .
A Rl Cuculus poliocephalus . . . . . . . . . .
W JL7 Cuculus canorus . . . .
&A= =M Alcedo atthis . .
A 2 7} Az Pitta nympha . . . . .
713 2 ok FdRA= LA Terpsiphone atrocaudata . . . . . . .
Fya7hut Corvus macrorhynchos . . . . ° . . . ° .
77kat 2} 0]%] Garrulus glandarius . . . . °
7] Pica serica . o . . .
LZaho] Sittiparus varius . . . . . . . . ° .
EigN ks LI Parus minor . o . . . . . . . .
ZaRA Periparus ater . . . . .
AJu] 2} A H] Hirundo rustica . . . . . . . . . .
Qo) 50| Aegithalos caudatus . . . .
ke vp kL] Hypsipetes amaurotis . ° . . . . . . . .
b= N i A 3] a2 Horornis diphone . . . . . ° ° °
R e LAY Phylloscopus  inornatus . .
Bk 2k FHHA Zosterops japonicus . . . . . . . . . .
Ex R =54 Troglodytes  troglodytes ] ) . . . . . .
A 2 SR w7 Zoothera aurea . ° . . . . . . ° .
s SRS A Ficedula zanthopygia . . . . . . .
5 Cyanoptila cyanomelana . . . . .
hu At A Anthus hodgsoni . . .
e A Spinus spinus . .
-2 A Chloris sinica . . . . .
A2t AR Fringilla  montifringilla . ° . . . . . .
4 Coccorrantes . .
A 2t e A Emberiza elegans . . . . . . . . . .
Number of Species 23 25 24 25 34 17 16 18 17 18
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Table 4. Non-overlapping species as a result of bioacoustic detection techniques and field survey at Dongbaek-dongsan

and 1100-altitude wetland

Number of
Site Survey Specific name - -
method familes species
Bi " 2| =S (Gallinula chloropus), ™™ %= Q (Tringa ochropus), 73-5MIL7|(Cuculus micropterus), 2~ M(Otus sunia),
do’;lco[l;sﬂc & XLoJo|(Ninox japonica), %% (Caprimulgus jotaka), 3+oIM(Bombycilla garrulus), A+<:M|(Phylloscopus 9 12
ctectio coronatus), ¥ (P. tenellipes), 21-2|M(Larvivora cyane), &M(L. sibilans), Z-5-2| U 3}3L8|(Eophona personata)
A5 2 (Anas platyrhynchos), 335 2.2|(A. zonorhyncha), | 2.2|(A4. crecca), QUFH-23) 27| (Ixobrychus
cinnamomeus), 5-2-3 2.2}7|(Gorsachius goisagi), 718l 2.217|(Butorides striata), 7N 2.2}7](Ardeola
bacchus), 32 (Bubulcus coromandus), W 2(Ardea alba alba), SMZ(A. intermedia), 21 Z(Egretta garzetta),
E4:2|(Pandion haliaetus), Hu(Pernis ptilorhynchus), S4>2|(degypius monachus), 28| l(Accipiter
Dongback-dongsan soloensis), ZF0|(A. gularis), M(A. nisus), F(A. gentilis), ZF=R(Gallinago gallinago), 2= R (Actitis
hypoleucos), SN MIL7|(Clamator coromandus), HOAR|MIL7|(C. optatus), ZM(Apus pacificus), TZA
Field survey (Eurystomus orientalis), W7}2|(Lanius bucephalus), }= W7V (L. cristatus), W7vatF(Corvus frugilegus), 7tat] 18 48
(C. corone), 2&M(P. borealis), W 28|7|(Spodiopsar cineraceus), 3= A W-F|(Geokichla sibirica), =AW
(Turdus hortulorum), BVAWF(T. pallidus), NEXWFA(T. eunomus), 2= (Tarsiger cyanurus), SA|
(Phoenicurus auroreus), WFtt2EFE2](Monitocola solitarius), A|H|HA|(Muscicapa  griseisticta), << (M.
sibirica), 2EGN(M. dauurica), 252N (Cyanoptila cyanomelana), ZN|(Passer montanus), =330 Al(Motacilla
cinerea), SN (M. alba), RAO\M(Pyrrhula pyrrhula), D3HR-2|(E. migratoria), WWA(Emberiza cioides),
2\(E. rustica)
Bioacoustic ~ 7}*|(Pica serica), 71, LE-50](Aegithalos caudatus), W& (Chloris sinica), 73> (Spinus spinus), 3 7
detection  &AtM|(Loxia curvirostra), FM(Coccothraustes coccothraustes)
1100-altitude S 50 8], Z2Fo|(Falco tinnunculus), W(F. peregrinus), Hl, ZFo|, WE7}e|(Buteo japonicus), ZF= L.,
wetland Field surv WIL7)(C. canorus), Wole|w7|, HLSwWIL7|, ZA|, ZeMwtiile|(Dendrocopos leucotos), T Z(Pitta 14 27
LSV ympha), wBOAR), WA, O\ A\ (Garrulus glandarius), 7kt S RIBEH, AER0E, A, npckE ek,
| ETA, S, ARTA, e A, Ersh) A, s
% o o5 o = B o = =
3. 1z e FA 7S Sof SRIER] gk Foll dielixle=
WEST A7l off] BACR Weke 5 ool AELT
L oIz E MMEOFE EX SR =z Ao Ay -
& e oPiET AeSd BAIet I 2ARe] At vl o Bx|7} Hx| Ok FEO Y] 74 ZHo|A 1 o]eE
2 E3 gulAo] ol zE ZAF oL XS o] AL 1 - -
Sl 111 HIHHQL oPYRT 2A; oo‘ﬁa ] ]h_ 1l e st 2 ololtt A WA, §FF ZAF A] WEL ARao]|A]
=7 0 O e X AIZ]O| A AEZ 5157 250 =] %O 5
a2 Siek Wheeldon et al. (2019>:ME_ P HES ggsie me B9 8 AMSRe 497 B U,
o] =& H sl 235 E35) Y = 3L 1= - o = -
A AR wisl Se B ROl T FREE A = sof obolol RIS Eal) SRIE|E shk ulaba] ARG
ol 71 A & Z0] HolE Zdigksly] Qs = - = _ = -
TRl et O] MAS e ] NS T gre gaja dofet 2o) BIRE wAlsk: 2o WAt

e A ARESloF BRe SEslth & A e
3] 9 EA4S AEsHA skl eSS BRI A A
S BluRck= AolA $19] St FAMIE =tk Al
FIEAR} 1100327 5 tidA] 7ol & /3 Zpo|7EA] gklst
UCh= ol Zol7t qlom, = 74A] A} HhHo] wagE]ojof
ke S SRS 5 Sl 2AE AN
AAEST HA 71T @ 2ARE BT

ol e om 2Rl T A%, A%
AAE 47 Aol K BRIE T2 BESFoRE
Hlths s o = SAdth @ 2AloflA Al 2
i gRelo] EHe FEol tefiie Aead=
ohgo| okl T = Qi) E3E eSS BA
29 2RIE F& Fol A Al Qlox] eS|
£ o83t HUERY daidS sRIT 4 =
CF AARE @7 2AF Aajol|A] o] e ERIER] ke
™ @A AL A] ORZF AL FHlo] MRS 3]
ATk Zwart et al. (2014)= FHEZAN(C. europaeus) T
A QoI S AT WA A4S A7ATY] Az

sl

PaSre o o
ST 4 98

20 1

)

o=
3=

)

il

Ut FlEclA eSS @A 7o o, o], T
E718)(Buteo japonicus) 427} BR|E] £ A
USIA|TE, R E 857} 1~23]0f] HE F+ HA,
&3 T2 s 27AE APE RN WA gan, Holg
2 S o ooz U 9] E= 4 Y FEA A
Fol7] wiZoll AulE S8l S HRISkL AEsk= Aol T
7F Qlek. Al A, S Sl HAlE Bl AR aElE

Y= F5= 540| ofze A9olrt. Basle Fgoln oo

7ol 227t gklo] E3laL, H5Ll(4nas platyrhynchos)
T SIS0 E|(4. zonorhyncha)Z A4 4= AR

ekt F4o] B7Fs stk wesgie). wj7kx| 2l Laniidae),
A2 Turdidae), oAz}, I T Emberizidae) = ©|2}
22 Fioll S3ielck vl WA, =50] HA] G9AY =30]
HE et B WAHCRE Yeh= call2 5740 E7Fs3t
Zgolck Al wAet v WA S04 TRt ulErge At

£ 9 S Ade] DBS vlgoR Sistgont 32 54

A2 4 glo] w5 o TRk Fol et song call
WP T4 A7) SIE Ak waTle] Aolg T
217} DB7} 758 Do) qlrki websich 3k, callo]
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AiE e BEA7 o) RIE7} EobAl= o] tisfixe A=
AE B F F4ol WaEolop & ool Sirh
Haselmayer and Quinn (2000)2 HA#Z O & EQIE FAR=
FUTE ARt S mah o B S AR st
A9k, ol e o B7HE Slel F 7ies A AN
o AS WSl

ofe] MY 7ol AA Y ARl 1559 ZjolE Blasd
Celis-Murillo ez al. (2012)°] tjgt AH2olAQ] W27 &
QAT ARBAR FHEAT} 2], B So| B4
1100517 Aol =83 exle] Entg vlwst 4= g
FalE Ak} o] 2T ARAoIE 23 38 B
% TR0 B2 7RsoiAek Al 247k B4
£ 110037 #7427k 2 A 4 ol e
Broz e vigo] ol Tkl B AT RS
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