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Figure 1. An example of building windows that may cause bird collisions

Figure 2. An example of transparent noise barriers (TNB) that may cause bird collisions
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Table 1. Detailed information of carcass survey sites to estimate the bird mortality by window collision

Site ID  Province Site Year No. of buildings Survey interval Data source
w1 Seoul Gwanak-gu 2017-2018 31 monthly This study (carcass survey)
W2 Seoul Gwanak-gu 2017-2018 20 monthly This study (carcass survey)
W3 Seoul Dongdaemun-gu 2017-2018 52 monthly This study (carcass survey)
W4 Seoul Seongbuk-gu 2017-2018 38 monthly This study (carcass survey)
W5 Seoul Seongbuk-gu and Jongno-gu 2017-2018 68 monthly This study (carcass survey)
W6 Gyeonggi-do Gwangju-si 2017-2018 32 monthly This study (carcass survey)
W7 Incheon Ganghwa-gun 2017-2018 101 monthly This study (carcass survey)
W8 Incheon Yeonsu-gu 2017-2018 40 monthly This study (carcass survey)
W9 Gangwon-do Wonju-si 2017-2018 48 monthly This study (carcass survey)
W10 Chungcheongbuk-do Goesan-gun 2017-2018 45 monthly This study (carcass survey)
w11 Chungcheongbuk-do Boeun-gun 2017-2018 110 monthly This study (carcass survey)
W12 Chungcheongnam-do Seosan-si 2017-2018 55 monthly This study (carcass survey)
W13 Chungcheongnam-do Seocheon-gun 2017-2018 38 monthly This study (carcass survey)
W14 Chungcheongnam-do Yesan-gun 2017-2018 24 monthly This study (carcass survey)
W15 Chungcheongnam-do Hongseong-gun 2017-2018 28 monthly This study (carcass survey)
W16 Jeollabuk-do Gunsan-si 2017-2018 1 monthly This study (carcass survey)
W17 Jeollabuk-do Gunsan-si 2017-2018 56 monthly This study (carcass survey)
w18 Jeollabuk-do Gunsan-si 2017-2018 41 monthly This study (carcass survey)
W19 Daegu Buk-gu and Suseong-gu 2017-2018 34 monthly This study (carcass survey)
W20 Gyeongsangbuk-do Yeongcheon-si 2017-2018 48 monthly This study (carcass survey)
w21 Gyeongsangbuk-do Namhae-gun 2017-2018 79 monthly This study (carcass survey)
W22 Jeju-do Seongsan-eup 2017-2018 1 1-2days This study (carcass survey)
w23 Jeollanam-do Sinan-gun, Hongdo Isle 2004-2005 131 daily Natioal Park Migratory Birds Center (unpublished)
W24 Jeollanam-do Sinan-gun, Hongdo Isle 2005-2006 131 daily Natioal Park Migratory Birds Center (unpublished)
W25 Jeollanam-do Sinan-gun, Hongdo Isle 2006-2007 131 daily Natioal Park Migratory Birds Center (unpublished)
W26 Seoul Gwanak-gu 2009 20 1-2 days Wild Bird Society of Seoul National University (unpublished)
w27 Seoul Gwanak-gu 2010 20 1-2 days Wild Bird Society of Seoul National University (unpublished)
W28 Seoul Gwanak-gu 2011 5 1-2 days Wild Bird Society of Seoul National University (unpublished)
12 A
:lx-.i: 'i::'.l-!l .-.':



Table 2. Detailed information of carcass survey sites to estimate the bird mortality by transparent noise barrier (TNB) collision

Site ID  Province Site Road type Year Length of barriers (km) Survey interval Data source

B1 Seoul Seongbuk-gu Local road 2017-2018 0.1320 monthly This study (carcass survey)
B2 Seoul Seongbuk-gu Local road 2017-2018 0.4304 monthly This study (carcass survey)
B3 Seoul Gwanak-gu Local road 2017-2018 0.1300 daily This study (carcass survey)
B4 Seoul Dongjak-gu Local road 2017-2018 2.4200 monthly This study (carcass survey)
B5 Seoul Guro-gu Local road 2017-2018 0.6100 monthly This study (carcass survey)
B6 Seoul Geumchen-gu Expressway — 2017-2018 3.5500 monthly This study (carcass survey)
B7 Seoul Seocho-gu Expressway  2017-2018 0.9900 monthly This study (carcass survey)
B8 Incheon Ganghwa-gun Local road 2017-2018 0.0912 monthly This study (carcass survey)
B9 Gyeonggi-do Yongin-si Local road 2017-2018 3.4340 monthly This study (carcass survey)
B10 Gyeonggi-do Gwangju-si Local road 2017-2018 0.1980 monthly This study (carcass survey)
B11 Gyeonggi-do Namyangju-si Local road 2017-2018 0.7140 weekly This study (carcass survey)
B12 Gyeonggi-do Uiwang-si Local road 2017-2018 0.3200 monthly This study (carcass survey)
B13 Gyeonggi-do Seongnam-si Local road 2017-2018 0.2700 monthly This study (carcass survey)
B14 Gyeonggi-do Anyang-Gwacheon ex. Expressway  2017-2018 0.5900 monthly This study (carcass survey)
B15 Gyeonggi-do, Gangwon-do  Gwangju-Wonju ex. Expressway — 2017-2018 2.3770 monthly This study (carcass survey)
B16 Gangwon-do Yeongdong ex. Expressway — 2017-2018 3.1700 monthly This study (carcass survey)
B17 Daejeon Yuseong-gu Local road 2017-2018 0.4720 monthly This study (carcass survey)
B18 Chungcheongbuk-do Goesan-gun Local road 2017-2018 0.1970 monthly This study (carcass survey)
B19 Chungcheongnam-do Yesan-gun Local road 2017-2018 2.0198 monthly This study (carcass survey)
B20 Chungcheongnam-do Seosan-si Local road 2017-2018 1.5578 monthly This study (carcass survey)
B21 Chungcheongnam-do Seocheon-gun Local road 2017-2018 1.2838 monthly This study (carcass survey)
B22 Jeollanam-do Gwangyang-si Expressway — 2017-2018 0.1420 monthly This study (carcass survey)
B23 Jeollabuk-do Gunsan-si Local road 2017-2018 3.3352 monthly This study (carcass survey)
B24 Jeollabuk-do Gunsan-si Local road 2017-2018 1.4480 monthly This study (carcass survey)
B25 Seoul Gangnam-gu Local road 2014-2015 0.8700 weekly Wild Bird Society of Seoul National University (unpublished)
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0

Table 3. Estimated length of transparent parts (km) of transparent noise barriers (TNB) and

partially transparent noise barriers (PNB) in the Republic of Korea

PNB Unidentified Subtotal

TNB

Type of road

164.54

90.65

74.89

Public expressway

48.40
1,207.00
1,420.94

5.09

43.31

Private expressway

1,207.00
1,207.00

Local road
Total

95.74

118.2

.......
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1.2. 93F 9 AF

1.2.1. 57 #F IF
ZAME st Ay, AE fEF FE 2AMIAE 20174
1295 € 2018d 9297kA 74 18,131%52] AEoA F 197 30%F 747

A9t vZA 2/A L] ZFH AHAE FAstt. BAl 15%, o EHA 6Z,

SHAA 65, A=A 3F Tox BAl T HlEo] E3tom, VM W
< 37t gl F& wH|E7] Streptopelia orietalis = F 1370A1¢] A}
A7 Aol A g Fe] 17%E 2AAGATE FHolo] €Al Parus
minor (671 A, 8%), 1 ¥]=7] Columba livia var. domestica (571 |, 7%) ¢} =

k2] Picus canus (370 A, 7%) =& W Hla 7} 2l 9 TH(Table 4).

29



Table 4. The list of species and the number of birds killed by window collision from December

2017 to August 2018

No. of

Scientific name Korean name CATCASSES Proportion
Streptopelia orietalis HH]E7) 13 0.17
Parus minor I 6 0.08
Columba livia var. domestica A E7] 5 0.07
Picus canus = w2 5 0.07
Dendrocopos major Q@ Aty 4 0.05
Microscelis amaurotis Aukat g 4 0.05
Zoothera aurea 52X w7 4 0.05
Anthus hodgsoni 315 A 4 0.05
Turdus pallidus 2 al) %) wi-A 3 0.04
Scolopax rusticola HEQ 2 0.03
Paradoxornis webbianus Fom g 2 Ero| 2 0.03
Cyanoptila cyanomelana 52 A0 2 0.03
Passer montanus AR 2 0.03
Prunella montanella wlZ e 2 0.03
Accipiter gentilis Zuj 1 0.01
Oriolus chinensis L vAsd| 1 0.01
Garrulus glandarius o] =] 1 0.01
Pica pica 77} 1 0.01
Corvus macrorhynchos X8 7ntH 1 0.01
Phylloscopus inornatus R EA 1 0.01
Regulus regulus AR A) 1 0.01
Troglodytes troglodytes e 1 0.01
Turdus hortulorum %) A] w7 1 0.01
Turdus naumanni e 1 0.01
Phoenicurus auroreus =X 1 0.01
Ficedula mugimaki =y 1 0.01
Motacilla alba leucopsis Slg=uei gD 1 0.01
Eophona migratoria W32 1 0.01
Emberiza tristrami 3] nj A 1 0.01
Emberiza elegans = E A 1 0.01
Unidentified nEd 25 2 0.03
Total number of carcasses 76

Total number of species 30
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Fmuledy 2L zalox= 2017d 12€FE 2018 9Lt F3
533.60km®] WS FAMSF] F 233 41F 30070 A2 vlE 270 A 2

=
25 AHAE Qe o] T BA 26%, AFHA 7F, FHEA 5F,
AxHEA 3For BAl F9 Bl&o] xStk 7MW eyt gQld
T As T =Y LA WnlE7] Streptopelia orietalis 3} 2™,
T TINA S ARAIZE BEE o] A FEEe] 23.5%E AHASEATE o] o]
28r52] - Microscelis amaurotis (3970 A, 13%), AN Passer montanus (387 A,
13%) =22 @ da7t gl=glon, /b w2 a7t dEE 9 3

T 2771 AA ga#HFe] ARE 7FF49%)= 2FA] 813 TH(Table 5).
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Table 5. The list of species and the number of birds killed by transparent noise barrier (TNB)
collision from December 2017 to August 2018

No. of

Scientific name Korean name Proportion
Ccarcasses
Streptopelia orietalis 1] = 7] 71 0.24
Microscelis amaurotis Akl g 39 0.13
Passer montanus ZHAN 38 0.13
Cyanopica cyanus E77HA] 16 0.05
Parus minor BN 13 0.04
Aegithalos caudatus Q E 5o 12 0.04
Pica pica iy 10 0.03
Paradoxornis webbianus HomE 2 E o) 10 0.03
Anthus hodgsoni S AY 7 0.02
Poecile palustris =LA 6 0.02
Zoothera aurea 5 = A - 6 0.02
Emberiza elegans =g EA) 6 0.02
Periparus ater kg 5 0.02
Regulus regulus AR EA 5 0.02
Turdus hortulorum =] A wi-A 5 0.02
Carduelis spinus e = L 5 0.02
Columba livia var. domestica v E7] 4 0.01
Alcedo atthis =FA 4 0.01
Dendrocopos kizuki Ex=e g Rl 4 0.01
Dendrocopos major Q Aukrhlg] 4 0.01
Eophona migratoria o 3F5 4 0.01
Picus canus Aot g 2 0.01
Garrulus glandarius o] %] 2 0.01
Sittiparus varius Z ko] 2 0.01
Phylloscopus coronatus Ak Al 2 0.01
Turdus pallidus 3] uj) =] w7 2 0.01
Phoenicurus auroreus wkxj 2 0.01
Phasianus colchicus = 1 0.00
Ardea cinerea N 7Fe 1 0.00
Falco tinnunculus g xFo] 1 0.00
Cuculus canorus B 4% 7] 1 0.00
Otus sunia 2R 1 0.00
Ninox scutulata &5 o] 1 0.00
Dendrocopos leucotos o Aukr)tg] 1 0.00
Terpsiphone atrocaudata PARTREI R 1 0.00
Cettia diphone borealis 3] u} Ay 1 0.00
Phylloscopus xanthodryas = 1 0.00
Sitta europaea F 1] 1 0.00
Luscinia cyanura 2 =AY 1 0.00
Fringilla montifringilla = AR 1 0.00
Emberiza tristrami Al 1 0.00
Unidentified v Ed 25 2 0.01

Total number of carcasses
Total number of species

302
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& s0g &% 300g °lste] T xFel dlFse F(EF M)el a7t
AL =2 Ao® FAHY. A A= wE g AW, d,

o HlaA she ol kel sk F(HF A)Q A& E 7h

& 3=k CH(Figure 8, Appendix 1).
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Figure 8. Number of carcasses collided with windows and transparent noise barriers (TNB) by

species-specific features: migration status (resident/migrant), species body mass (category S/M/L)

and foraging guilds (category A/B/C/D)
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Figure 9. Dendrogram from the result of agglomerative hierarchical clustering among collided

species
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Table 6. Species composition of four clusters by species-specific features

Total number Population status _ Migration status ) Body mass _ Foraging guild
of species Category ~ Proportion Category  Proportion Category ~ Proportion Category ~ Proportion

1 82% resident  100% S 50% A 45%

2 18% migrant 0% M 41% B 55%
Cluster 1 22

3 0% L 9% C 0%

4 0% D 0%

1 33% resident 0% S 58% A 100%

2 42% migrant  100% M 42% B 0%
Cluster 2 12

3 17% L 0% C 0%

4 8% D 0%

1 25% resident 0% S 83% A 0%

2 42% migrant  100% M 17% B 100%
Cluster 3 12

3 17% L 0% C 0%

4 17% D 0%

1 0% resident  17% S 17% A 0%

2 17% migrant  83% M 50% B 0%
Cluster 4 6

3 83% L 33% C 67%

4 0% D 33%
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geow 7t w9 daw el folg Aolrh QA stopuy
slate] A7 Malrel v N AL AL Adsart
FeE 9 Egwen FEo WaZe TAEE AAR Ads
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olgf o} Fow 3 1,2,3,49 o7 #zyE v o] Wkth(Figure 10).
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Figure 10. Total number of observed carcasses collided with building windows and transparent

noise barriers (TNB)
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FAA Aol 24 (parametric) *HH 0] -Akt2] (analysis of variance;
ANOVA)el AHetr]l Qs Aard 1Y =S 2 AR7E wSsHA
0kt © T 2 (Shapiro-Wilk normality test; p-value<0.0001) W] %42 (non-
parametric) R <Ql Kruskal-Wallis - ul %] #4kt2] (Kruskal-Wallis one-
way analysis of variance)s Z-&3alqlth. 7 Ay HE afF Thol=
ARAo R o3t F£59 o7t EAstE Aoz Ve tH(Kruskal-
Wallis chi-squared = 15.518, df = 3, p-value = 0.001423). E=3F oj ™ 3] =l A
& F 7+ Zpo]7} EA)3F=A] Dunn’s pairwise test & &3l A 77 (post-
hoc test)= A3 A 12 T 2 o= IalFFo] vh=2] Fgko)
TH 3,4 9= S Aozt Ao, FA 2,3, 4= s I 11
ol gk 2po] & KolA| LA TH(Table 7).

Table 7. Result of Dunn's pairwise test as a post-hoc test of Krusakal-Wallis one-way AONVA;

difference of the number of collided carcasses among each pair of clusters

Cluster 1 Cluster 2 Cluster 3

Statistic 2.1709
Cluster 2

p-value 0.1198

Statistic 3.0676 0.7883
Cluster 3

p-value 0.0108* 0.8610

Statistic 3.1200 1.3158 0.6721
Cluster 4

p-value 0.0109* 0.5647 0.5015
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g AesrAoas A e zpaka Folz A2 777 A
Ao g3 AtE7E Z1S5EAeH, A

L=
=
WSS 4SFOR F 65F £ FE Wt FAHA
>
=

et
-
=
2
©
©
©

N

A Al AL AE2AE AR 7|E0R S8 T HIE ARE
THe A% A= FHUF TE IATS 1778, FEESY T I
e 96T E JAH e, webA fejueteM = T 183FY W
NA FHTRE ZFZo 9 F&7t gy g th(Table 8). ¢ 7]l 37

AR EE] I IS0 1559 AAVIEE 1550 2FH 3l

(Appendix 2).

o

Table 8. Number of species killed by collision with building windows and transparent noise
barriers surveyed by different survey methods: field carcass survey, questionnaire survey, and

citizen monitoring

Type of structure Survey method Number of species

Building window Field carcass survey 30
Questionnaire survey 177
Citizen monitoring 42
Subtotal 177

Transparent noise barrier Field carcass survey 41
Questionnaire survey 94
Citizen monitoring 45
Subtotal 96

Total 183
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7helel EfS ol&ste] xF ARG A HAESs BEE A

e 14 7He] AMAL F 10 AW ARAIZE EA 9 H Al dFE
ko 1T 9 W7 AT AFEY] Hae] ot Aol 5 AR
7HE B AAE AT = A2 yERST 1 9] Y2l Nyctereutes
ZH-2 7kt Corvus macrorhynchos 7V AHAIE 2] U
HEga Bow g7k weol aAHYo vEA AvFs AAE
FOow do] wo] HolA oA wEdlorw Adw ddedith 7
Pica pica 2} =11%F°] Felis catus = AFAO A W X2 A A TF AFA| 7}

=
A SRl A& ZAEsto] o] dAYEA] okt TH(Table 9, Figure 11).

Table 9. Frequency of carcass removal and predation by different factors

Frequency of

Factor
carcass removal (predation)
Human 5(0)
Raccoon Dog Nyctereutes procyonoides 2(2)
Large-billed Crow Corvus macrorhynchos 1)
Unidentified ant 1)
Eurasian Magpie Pica pica 0(3)
Feral Cat Felis catus 0()
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Figure 11. Causes of carcass removal and predation revealed by camera traps: (a) cleaning by

human, (b) Raccoon Dog, (c) Large-billed Crow, (d) covered with dirt by ants, (¢) Eurasian
Magpie and (f) Feral Cat
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7w M A AreA Az 1E 1 5 T dd

e HAa 0 oA Ho 0.08 AA/AEY

0.0078(x0.018) 7HA/AE/Y, T4t 00014 = T 2+ Zo|7p AA

LFEFSETH(Table 10). ool whe} oo shaghe] w2

- e melt 21 FeE e thFigure 12). g lelo] &7 ot
3

H] 3 (non-negative) AL5TETE T o9 [FAFS

B

XS AAste] AlCe H7F A RE vlwst Ay, 972 - E(Inverse

20.3216)7} t} =l vlato

AR AFgE 7P SASHA wtEets A o2 UETH(Table 11). ©]o],

ARE AUk BXE wEs W 10,000 K9 EEVE G v s
O

ow AAS A wI T Ry}

il
M
m

o= 2] 2k 3FtH(Two-sample Cramér-von Mises test; T = 0.0022, p-value = 0.8372).
2+ ATFelA dE FEH =9 Gy HS 9 A X

il
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Table 10. Observed daily bird mortality caused by window collision in this study

No. of observed

Site ID No. of (t:;lldlngs No. ?;)days car%g)sses motigllitt Sigya/b)
W1 31 16 1 0.0021
W2 20 15 3 0.0100
W3 52 18 2 0.0021
W4 38 24 2 0.0022
W5 68 18 0 0.0000
W6 32 18 0 0.0000
W7 101 18 1 0.0006
W8 40 19 0 0.0000
W9 48 15 0 0.0000
W10 45 17 0 0.0000
W11 110 19 3 0.0015
W12 55 18 0 0.0000
W13 38 16 0 0.0000
W14 24 18 2 0.0046
W15 28 18 6 0.0117
W16 1 36 2 0.0556
W17 56 22 2 0.0016
W18 41 15 0 0.0000
W19 34 22 1 0.0013
W20 48 18 0 0.0000
W21 79 16 1 0.0008
W22 1 330 1 0.0030
W23 131 365 64 0.0013
W24 131 365 52 0.0011
W25 131 365 86 0.0018
W26 20 120 50 0.0208
W27 20 180 63 0.0175
W28 5 150 60 0.0800
Average unit mortality 0.0078
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Figure 12. Histogram and fitted probability density function of daily bird mortality by window

collision

Table 11. Five non-negative zero-adjusted distributions and the small-sample corrected Akaike

Information Criterion (AICc) values fitted to the observed bird mortality by window collision

(szrt(r)'glé}'lfsr:e d) Parameters AlCc AAICc
Inverse Gaussian 1=0.0116, 6=20.3216 -107.2961 O

Lognormal u=-5.5759, 6=1.3926 -103.2154  4.0807
Weibull pu=0.0080, 6=0.6604 -97.2614 10.0347
Gamma p=0.0116, c=1.3367 -94.7729 12.5232
Exponential pu=0.0116 -91.8500 15.4461
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L1322 70 Ak, 44k 0.0297°] A tH(Table 12). F8WaH FE2 &
" Ak =28 Fad SE9 Ao viRHAE Sgko] e A
FEE H A tH(Figure 13).

AlCc H7} AZE Hluwst 43 A& /2% T4 st d7keA

© =0.5982, 6 =3.1176)7} AA BZFS
e Fxse vt 7P FASA Whdske A o2 UES TH(Table
13). Qe A7k~ BEXE w25 o 10,000702] EE7F oy &f
wEge FE dAsk=A AR HAYT A w3 F E¥UF G
ises test; T = 0.1187, p-value = 0.7952).

pos M
B2 Aol FEwes 359 weusd wa b a
)
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Table 12. Observed daily bird mortality caused by transparent noise barrier (TNB) collision in

this study.

Length of TNB No. of observed oo

Site ID g(km) No. (()g)days carcasses mozglli'{td?g/)z/a/b)

(a) (©) Y

Bl 0.1320 6 0 0.0000
B2 0.4304 22 0 0.0000
B3 0.1300 35 0 0.0000
B4 2.4200 6 0 0.0000
B5 0.6100 6 0 0.0000
B6 3.5500 19 2 0.0297
B7 0.9900 8 0 0.0000
B8 0.0912 18 0 0.0000
B9 3.4340 22 2 0.0265
B10 0.1980 18 0 0.0000
B1l 0.7140 8 1 0.1751
B12 0.3200 60 6 0.3125
B13 0.2700 16 0 0.0000
B14 0.5900 24 2 0.1412
B15 2.3770 8 1 0.0526
B16 3.1700 8 1 0.0394
B17 0.4720 36 97 5.7086
B18 0.1970 22 0 0.0000
B19 2.0198 18 4 0.1100
B20 1.5578 18 4 0.1427
B21 1.2838 16 0 0.0000
B22 0.1420 10 1 0.7042
B23 3.3352 36 29 0.2415
B24 1.4480 20 11 0.3798
B25 0.8700 240 65 0.3113
Average unit mortality 0.3350
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Figure 13. Histogram and fitted probability density function of daily bird mortality by

transparent noise barrier (TNB) collision

Table 13. Five non-negative zero-adjusted distributions and the small-sample corrected Akaike

Information Criterion (AICc) values fitted to the observed bird mortality by transparent noise

barrier (TNB) collision

Distribution

(zero-adjusted) Parameters AlCc AAICc
Inverse Gaussian pn=0.5982, 6=3.1176 39.4819 0
Lognormal pu=-1.7506, 6=1.3663 40.8919 1.4010
Weibull p=0.3613, 6=0.6298 46.2923 6.8104
Gamma pn=0.5982, 6=1.3979 49.4627 9.9808
Exponential p=0.5982 52.4557 12.9738
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HASES F 12 M9 ZEoA HA 010 - H 088, =S F

10 7HS] 24 HA 033 — Holl 1.00 & HAE AT Lo
=7t obd Bl 5 (non-negative) AL ERE T 7 HAQAS] Hx9)
Akl FElE 7H 5 7l REE AAske] AlCe B A RE vlwsglE
o, AL 21 A FEE(Lognormal distribution; p=-1.3775, 6=0.7579),
FEES olE FE(Weibull distribution; A=0.8211, k=3.7171)7} ©&
4 7N wEaxe wste] #EZG X E PF F AYsies o=
3 7} 5] 9 th(Figure 14-15, Table 14-15). ©]o] @&y & &y} npztrix 2 & 2
AR AT 4 ZEE WEE W5 10,000 JHeF #EgEe] 7
Ax]et=7Fe]  die FA AHS AASGoH, & (Two-sample

Cramér-von Mises test; T = 0.074235, p-value = 0.5395)¥} Z+<E=-5(Two-sample
Cramér-von Mises test; T = 0.12339, p-value = 0.2757)2] #z3;k + ¥ &= 25

AEE FELEG hEA okt
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Figure 14. Histogram and fitted probability ditstribution of detection rate (DR)

Table 14. The result of small-sample corrected Akaike Information Criterion (AICc) of five non-

negative distributions fitted to detection rate (DR)

Distribution Parameters AlCc AAICc

Lognormal u=-1.3775, 6=0.7579 -0.3272 0

Exponential 2=2.9703 0.2721 0.5993

Gamma a=1.8804, p=5.5854 0.8400 1.1671

Weibull 2=0.3716, k=1.3837 1.3509 1.6780

Normal u=0.3367, 6=0.2586 6.9282 7.2554
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Figure 15. Histogram and fitted probability density function of persistence rate (PR)

Table 15. The result of small-sample corrected Akaike Information Criterion (AICc) of five non-

negative distributions fitted to persistence rate (PR)

Distribution Parameters AlCc AAICc
Weibull 2=0.8211, k=3.7171 4.7002 0
Normal u=0.7380, 6=0.2355 5.1750 0.4748
Gamma 0=8.1753, B=11.0776 6.1650 1.4648
Lognormal u=-0.3662, 6=0.3730 7.0443 2.3441
Exponential A=1.3550 16.4238 11.7235
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FwsE ] QkEgy wpg % ofu ZAE Jhsdd 9ol #E
AR 1km T 4L FAZFES AAEst A, Y HAS AFH
™(2.1232+3.8393)0]  M}ZZE WH(1.0767+1.5986)KH.t}  EkATE oFw

gafFe] ztol7k wi-¢ AA et e Ede] os) A sow
WkE H(Figure 16) = ate] G3FS @ W Sk F% W(0.4724)%
upZ-ze vH(0.4809) & zbol7F Hatel wls wwlsilv A HA A

L

Tk e el Foulst Zolrb Qv FAE FH= T
L TH(Wilcoxon signed-rank test; W = 13, p-value = 0.2719). ©]¢f w2} £
Aol FEgEHe SHolAd WAstE vaFe] ME ZEua
BT my, = My = Meye).
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Figure 16. Difference in the unit mortality of birds between sides of transparent noise barriers

(TNB) (n = 9)
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Figure 17. Estimated distribution of the total annual mortality of birds killed by window collision

in the Republic of Korea; vertical line indicates the median of the annual mortalities estimated

by 10,000 iterations
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Figure 18. Estimated distribution of the total annual mortality of birds killed by collision with
transparent noise barriers (TNB) in the Republic of Korea; vertical line indicates the median of

the annual mortalities estimated by 10,000 iterations
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Loss et al. 2019).

RERIE

=

=

ol

M

W

o)
Ll
ojp
HO

)
°

]

Alo

3

b

3t
=

TE

7}

2 AAR ofxF

Rolm

s

4

=
T

ol
o

—_
"o

=

7}A] 2 2 (Hager et al. 2013; Loss et al.

= fdel

2019) Ajzto]l #
oF A Z o A

ol

o

o} % 5-2]
el &How

H
glov], e =
22y

56

ot}



1.2. ERTd S4d & HfF

W 2AMIA FEE FE dE7E g@RlE oM ERE T 197 30F
7470 A0l RS FE vt gld ofdx
30270 Aottt BRI FgE de FEFY s EFeA
=738 o]l 7 =kom  FHolof A
g atel AwkA e, FEEeHoAE 2
To w2 Ja7Fo]l Futh o2ldt Ayt HAWbHo® 7 Bl AlAlA
Z13 vy A ggla A uE F
FAEY. vE7IHe v 279 ve AERT duled As
FAZE A9 wE 8o =2 &7 (glide)d 2 Z (Tobalske 2001) F& A
T 2EHOR s T4 A Jart 2 Zow oddnh A o
719k w7k 2 vlwA] S AP A dow AHolu
FA5 Moz wEA W3] W (Clement 2000) H] w4
}_

e T2EQ AF AR fePolt FRusue FET

2
£ JUES MYk Zlow

—

Aok &3 wote| 37t A3k 93 H] 8 (undulating flight)
W2 wggow Hol Atd TNEe A4 Am W= oleh:
W2lo] B & (Rayner 1985; Rayner 1988; Tobalske et al. 2010) Y33 gho]

AP 7t £E} ol FE A ve] L] AL Pol F Row
A7k

sbech Aubpelsig @A Sue wEAA A FA 87
Fuold EaA AAS REE Ao AgEE wAt 2014 ©)

201401 glo] el dFel sl WAy A9 Ao waAch
deEe] T AN AAE, olFA, FA, A4 AS WFel me

HelFe A AAR A T AY AN gers Aol

wgror), AAne sAe dsEel B¢, ¥
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Appendix 1. Species-specific features of the birds killed by collision; population status, migration status, body mass and foraging guilds.

2Population °*Migration  “Body  °Foraging  No.of carcasses by collision

Scientific name Korean name ICluster . ]
status status mass guild Window  TNB Total
Streptopelia orietalis 1] = 7] 1 1 res M A 13 71 84
Microscelis amaurotis kg 1 1 res M B 4 39 43
Passer montanus A 1 1 res S A 2 38 40
Parus minor EI 1 1 res S B 6 13 19
Cyanopica cyanus =77hA] 1 2 res M B 0 16 16
Aegithalos caudatus R E o 1 1 res S B 0 12 12
Paradoxornis webbianus HoHE 2 EFo) 1 1 res S A 2 10 12
Pica pica Vi 1 1 res M A 1 10 11
Anthus hodgsoni 31 2 1 mig S A 4 7 11
Zoothera aurea 5 A w7 2 2 mig M A 4 6 10
Columba livia var. domestica AN E7] 1 2 res M A 5 4 9
Dendrocopos major Q@ Aty 1 1 res M B 4 4 8
Picus canus Hurlatg 1 2 res M B 5 2 7
Emberiza elegans =2 HllAj 1 1 res S A 1 6 7
Turdus hortulorum %] A] w7 2 2 mig M A 1 5 6
Parus palustris EXRELAN | 1 1 res S B 0 6 6
Regulus regulus AR &) 3 2 mig S B 1 5 6
Turdus pallidus 3] v =] wik-7 2 1 mig M A 3 2 5
Eophona migratoria W32 3 3 mig S B 1 4 5
Carduelis spinus ALw g ukeA) 3 1 mig S B 0 5 5
Parus ater Zlakay 1 1 res S B 0 5 5
Alcedo atthis =FA 4 3 mig S D 0 4 4
Dendrocopos kizuki 2wt e 1 1 res S B 0 4 4
Garrulus glandarius o] =] 1 1 res M A 1 2 3
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Phoenicurus auroreus
Scolopax rusticola
Cyanoptila cyanomelana
Emberiza tristrami
Parus varius

Prunella montanella
Phylloscopus coronatus
Ardea cinerea
Phasianus colchicus
Accipiter gentilis

Corvus macrorhynchos
Falco tinnunculus

Ninox scutulata
Dendrocopos leucotos
Cuculus canorus

Otus sunia

Oriolus chinensis
Turdus naumanni

Cettia diphone

Fringilla montifringilla
Motacilla alba leucopsis
Sitta europaea
Terpsiphone atrocaudata
Ficedula mugimaki
Luscinia cyanura
Phylloscopus inornatus
Phylloscopus xanthodryas
Troglodytes troglodytes
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ICluster assigned by this study

2National population level of the species estimated by observation (Moores at al. 2018)

3General migration status in the Republic of Korea (¥} 2014; ©] & 2014)
res: Resident species

mig: Migratory species

“Body mass category (HBW Alive database)
S: x < 50g, Passeridae as representatives

M: 50g < x <300g, Turdidae as representatives

L: 300g < x, Larger sized species

5Foraging quild category (Willson 1974)
A: Ground, shrub and bark gleaner

B: Bark and foliage gleaner
C: Raptor
D: Water forager
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Appendix 2. List of the birds killed by collision with building windows and transparent noise barriers based on field surveys, questionnaire surveys and citizen
monitoring. In the column of protected species, EI and EII indicate the Class I and II Endangered Species protected by the Wildlife Protection and Management Act,

while NM denotes species designated as the Natural Monument according to the Cultural Heritage Protection Act.

Building windows Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen
No.  Species Korean name - - L
species survey survey monitoring survey survey monitoring

1 Tetrastes bonasia =4 0 0 0

2 Coturnix japonica === 0

3 Phasianus colchicus 3 (o] 0] o

4 Anas platyrhynchos e 0

5 Anas poecilorhyncha I E Qg 0 (0]

6 Anas formosa 7HEe 0

7 Calonectris leucomelas =M (o]

8 Oceanodroma monorhis B}CHA| H] 0

9 Tachybaptus ruficollis =doly] 0

10 Ixobrychus sinensis Ha2d e Ell 0 0

11 *Ixobrychus eurhythmus THE 2] Ell o 0

12 *Gorsachius goisagi FHal e vl7) 0

13 Nycticorax nycticorax a2 2}7] 0 0

14 Butorides striata Aoy 78 e et7) 0 0

15 Bubulcus ibis =2 0 0

16 Ardea cinerea o 71e] 0 (0]

17 Ardea alba Zrjw 0

18  Egretta garzetta 2z 0 o

19 Falco tinnunculus xEo| NM 0 o] 0

20 Falco columbarius 2o 0

21 *Falco subbuteo Az 8] 7] Ell 0 (e}

22 *Falco peregrinus uj El, NM 0 (e}

23 *Accipiter soloensis 2l Al o Ell, NM (o] 0

24 *Accipiter gularis ZE59] Ell 0 0

25 *Accipiter nisus A v EIl, NM 0 0 0

26 *Accipiter gentilis 2l Ell, NM ] o o

27 Buteo buteo U7k (o]
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Building windows

Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen
No.  Species Korean name - - -
species survey survey monitoring survey survey monitoring
28 Amaurornis phoenicurus BT (0]
29 Porzana fusca 2 EH 7 E (0]
30  Gallinula chloropus =8 0
31  Fulicaatra =5 0 0
32 Turnix tanki A7yt S=ek7) (e}
33 Scolopax rusticola HEe 0 0 (¢}
34  Gallinago stenura e 0 0
35  Gallinago megala ZF Q AbE 0
36  Gallinago gallinago ZFEQ 0 0 0
37  Numenius phaeopus THIEL 0
38  Tringa nebularia A e 0
39  Tringa ochropus W o 0 0 o]
40 Actitis hypoleucos 2= Q 0
41 Glareola maldivarum A 8] & w) Af (e}
42 Larus crassirostris ol dn)7] 0O
43 *Columba janthina ZH)|E7) Ell, NM e}
44 Streptopelia orietalis HH] = 7] (0] (0] (0] (0] (0] (0]
45 Treron sieboldii = H) 5 ) 0
46 Columba livia var. domestica AnE7] 0 0 0 0 0
47 Cuculus hyperythrus uj AR 0
48 Cuculus micropterus 725w ) (0]
49 Cuculus canorus W 7] 0 0 o (0]
50  Cuculus saturatus Hof g 4 7] 0
51 Cuculus poliocephalus il NM 0
52 Otus bakkamoena A NM (¢} 0
53  Otus sunia A NM 0 o] 0
54  *Bubo bubo FE|F- o] Ell, NM 0
55 *Strix aluco S v Ell, NM e}
56  *Strix uralensis 7174 8o i v Ell 0
57  Athene noctua e 4] 2w 0
58  Ninox scutulata E5YJo] NM 0 o] o] 0
59  Asiootus ZHE-AJ o] NM 0
60 Asio flammeus 2] 5ojo) NM e}
61  Caprimulgus indicus 2= 0 )
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Building windows

Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen
No.  Species Korean name - - -
species survey survey monitoring survey survey monitoring
62 Eurystomus orientalis skl 0 0 0
63 Halcyon coromanda S HkAY (e} (e} e} e}
64  Halcyon pileata 2 TR 0 (¢}
65  Alcedo atthis =EM 0 0 0 0 0
66  Upupa epops S EE 0
67  Dendrocopos kizuki B 0 0 0 0
68  Dendrocopos leucotos oAt 0 0 (o] 0 0
69 Dendrocopos major Q Alwrhatg] 0 e} 0 (¢} (e}
70  Picus canus =) 0 0 0 o] 0 o
71 *Pitta nympha IR Ell, NM 0 0
72 Lanius bucephalus uj 7} 2] 0O 0 (0]
73 Lanius cristatus = 7k=] 0
74 Oriolus chinensis =] 718 0 0 0 0 0
75 *Terpsiphone atrocaudata 71 71 2] Ay Ell (e} 0 e}
76  Garrulus glandarius o] 2] 0 0 o] 0 o]
77  Cyanopica cyanus E77}A] 0 0 0 0] (0]
78 Pica pica 7}+2] (0] (0] (0] (0] (0] (0]
79  Nucifraga caryocatactes el 0
80  Corvus frugilegus w] 7}t 0
81  Corvus macrorhynchos S e Rl 0 0 0 0
82 Bombycilla garrulus 3tod Al e}
83  Parus minor Ll (o] 0 0 o] 0 o]
84  Parus venustulus M PRI 0 0
85 Parus ater Zuakay 0 0 0 0
86 Parus varius LZulo] (e} 0 (¢} (¢}
87  Parus palustris E=RI) 0 o] o o]
88  Hirundo rustica A4 0 0 0
89  Cecropis daurica A 0 0
90 Aegithalos caudatus Q EFo] (e} 0 (¢} (¢}
91  Calandrella brachydactyla E= e =t 0
92  Calandrella cheleensis E1a]F e 0
93  Alauda arvensis E= 0
94 Pycnonotus sinensis A L2-olnpA vl kg 0
95  Microscelis amaurotis 2] b}k g] o] 0 0 0] 0 0]
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Building windows

Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen

No.  Species Korean name - - o
species survey survey monitoring survey survey monitoring

96  Urosphena squameiceps R 0 0 0
97  Cettia diphone 3 a2 0 o o )
98 Cettia cantans G ¢] 0
99  Bradypterus thoracicus AR T ¢
100  Locustella lanceolata A A 708 0
101  Locustella certhiola Erk7) ) o
102 Locustella ochotensis et A% o
103  *Locustella pleskei A7) 7)) Ell (0]
104  Locustella fasciolata H-23] 2710 0 0
105  Acrocephalus orientalis 7 7 8] o
106  Phylloscopus trochilus A ) 0
107  Phylloscopus fuscatus ENAE 0
108  Phylloscopus affinis AR AL E 0
109  Phylloscopus schwarzi g A AE 0 )
110  Phylloscopus proregulus 58] 2 &l o
111 Phylloscopus inornatus LFEREA S 0 0
112 Phylloscopus xanthodryas = 0 o 0
113 Phylloscopus borealis &) 0 0 0
114  Phylloscopus tenellipes &AM o
115  Phylloscopus coronatus A& AN (o) (o] 0
116  Paradoxornis webbianus Fom g Q5o 0 0 0 0 0
117  Zosterops erythropleurus Sk B HHAY 0
118  Zosterops japonicus A 0 0
119  Regulus regulus A} H =AY 0 o 0 o 0
120  Troglodytes troglodytes =5 o] o
121  Sitta europaea & aH| ¢] o o 0
122  Certhia familiaris ko) o
123 Sturnus sericeus HN-E R 28 7] o
124 Sturnus cineraceus 27 0] 0
125  Sturnus vulgaris AR 29 7] ¢
126  Zoothera sibirica B2 %] k-7 0 0 0
127  Zoothera aurea Z Ak 0 o 0 o 0
128  Turdus hortulorum =) 2] w7 o 0 o o o
129  Turdus cardis LA w7 o o
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Building windows

Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen

No.  Species Korean name - - -
species survey survey monitoring survey survey monitoring

130  Turdus merula of) 57 & ) -7 0
131 Turdus obscurus B = F 2l A w7 0
132 Turdus pallidus ]\l =] w7 (o] o] o] 0
133 Turdus chrysolaus 2l %] w7 0
134  Turdus naumanni e R Wk S 0 0
135  Turdus eunomus 705 ] k) 0o o
136  Luscinia svecica g2 0
137  Luscinia calliope NEetE 0 0
138  Luscinia cyane 22 A 0 0 0
139  Luscinia cyanura 2] =Ag 0 o] (o]
140  Luscinia sibilans = o] o
141 Phoenicurus auroreus = (o] 0 0 (o] 0
142 Rhyacornis fuliginosa 2 7 2] wl ] whay 0
143  Saxicola torquatus 2wA) 0
144  Monticola solitarius Blas il 0
145  Monticola gularis ik ARl 0
146  Muscicapa griseisticta A B] =) 0 0]
147  Muscicapa sibirica e 0
148  Muscicapa dauurica B o 0
149  Ficedula zanthopygia AEH A 0 0 0
150  Ficedula narcissina AN e} (¢}
151  Ficedula mugimaki EEEA) o] ]
152 Cyanoptila cyanomelana 52 o] 0
153 Passer montanus ZHA o 0 0 (o] 0
154 Prunella montanella b= o] 0
155  Motacilla flava A RE A 0
156  Motacilla cinerea -stu] A 0 o] 0
157  Motacilla alba leucopsis otatghu Ay 0 0 0
158  Motacilla grandis A& A 0
159  Anthus hodgsoni A5 o] o] (o] o]
160  Anthus gustavi 35t 0
161  Anthus rubescens = o= 0
162  Fringilla montifringilla =AY 0 o] o]
163  Carduelis sinica WS ) )
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Building windows

Transparent noise barrier

. Protected Field Questionnaire Citizen Field Questionnaire Citizen
No.  Species Korean name : S P
species survey survey monitoring survey survey monitoring
164  Carduelis spinus AL 2 &) o o 0
165  Uragus sibiricus ] gFzol o
166  Carpodacus roseus Fzlo] ]
167  Loxia curvirostra 3k 0
168  Pyrrhula pyrrhula wi A o] o
169  Coccothraustes coccothraustes Al (0]
170  Eophona migratoria W 3} g o 0 o
171  Eophona personata 29 31532 0
172 Emberiza cioides Bl X} o
173 Emberiza tristrami 3 uf AR 0 0 (¢} 0 (¢}
174  Emberiza fucata B2k A 0
175  Emberiza pusilla 2 S WA o
176  Emberiza chrysophrys eEhE A o 0
177  Emberiza rustica | (o] 0]
178  Emberiza elegans S E A (o] o o] (o] o] o]
179  Emberiza rutila A 0 0 0]
180  *Emberiza sulphurata FFA) Ell 0
181  Emberiza spodocephala = o o]
182  Emberiza pallasi i EeR s R 0
183  Calcarius lapponicus 085 A 0
Unidentified w5 2H o] o}
Total number of species 23 30 177 42 41 94 45
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Abstract

Bird collision with transparent structures
in the Republic of Korea:

current status and annual mortality estimates

Haemin Seo
Major in Forest Environmental Science
The Graduate School

Seoul National University

Humans’ use of airspace has rapidly increased over the past century, and thus, the
airspace as a core habitat for flying wildlife has faced spatial conflicts with human.
Bird collisions resulting from man-made structures are noticeably representative of
this issue. Birds in flight are prone to collide with various artificial structures, in
particular, structures that have transparent or reflective panels such as building
window glass are known to pose the most fatal risk factor. Although bird collision to
transparent structures is widely recognized as a critical conservation issue, status and
annual mortality estimates of bird collision with transparent structures in the
Republic of Korea is poorly understood.

This study aimed to collect information about the current status of bird collision
mortality caused by transparent structures in the Republic of Korea and estimate the
total annual mortality. To achieve these objectives, I organized nation-scale
observations focusing on bird carcasses killed by building windows and roadside
transparent noise barriers and estimated the daily and annual bird collision mortality
caused by the transparent structures. As of 2018, the total number of domestic
buildings in Korea was 7,191,912 and the total length of transparent noise barriers
along the road was 1,420.94 km. Both structures have increased in quantity every

year. From December 2017 to August 2018, a series of carcass surveys had
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conducted once or twice per month at 22 sites for window collision and 24 sites for
transparent noise barrier collision. I confirmed the death of 30 species 74 individuals
at windows and 41 species 302 individuals at transparent noise barriers. Most of the
observed victims were common resident birds in the sites. The result of hierarchical
cluster analysis about collision mortality by species-specific features showed that the
cluster of common, resident species has significantly higher mortality than the other
clusters. According to trail camera observation result, the major cause of carcass
removal was cleaning by human. In addition to the field carcass surveys, I collected
data about victim species from questionnaire surveys for experts and from an online
citizen-monitoring platform. As a result, 177 and 96 bird species were identified as
victims of collision with windows and transparent noise barriers, respectively, and
the results documented that a total of 183 species, including 15 locally protected
species, had been killed by collision with transparent structures in the Republic of
Korea.

In the first step to estimate the total mortality, the daily mortality per building or
per unit length was calculated from the carcass survey data. The results were
converted to probability distributions of mortality that best explained the daily
mortality rates. The carcass detection rate and the persistence rate were also
estimated by field observations and experiments. Then, I performed 10,000 random
iterations based on Monte Carlo simulations correcting the probability distributions
of mortality with the detection and the persistence rates. The simulation data
indicated that about 24,200,000 birds (median value; 95% confidence interval:
22,800,000-26,000,000 birds) and 189,000 birds (median value; 95% confidence
interval: 165,000-215,000 birds) are annually killed by collision with windows and
transparent noise barriers, respectively, in the Republic of Korea. However, the
amount of annual mortality by the collision was possibly underestimated because
unregistered structures, both of buildings and private noise barriers, were not
included in the estimate. In addition, as the quantity of transparent structures

continues to increase, the total mortality seems to increase in the future.
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This study provides the first quantitative information about current status and
mortality estimates of bird collisions with transparent structures in the Republic of
Korea. However, as available data is still lacking, it is beyond our knowledge of how
the collision mortality affects avian population trends at a species-specific or
population-specific scale. In the context of conservation, basic information on
population dynamics and mortality factors of regional wild birds will support future
studies. Also, both quantitative and qualitative data collection should be continued
through systematic surveys not only for bird carcasses but also for the construction
status of transparent structures. On the other hand, in order to reduce collision
damages, legal regulations that restrict the construction of transparent structures and
mandate damage reduction treatments are strongly needed. The establishment of a
regional citizen monitoring system that both citizens and experts to participate
together is expected to be effective not only to improve public awareness which is
the basis for policy discussion, and also in accumulating survey data in a wide spatio-

temporal range for academic research.
Keywords: Bird, bird-collision, conservation, mortality estimation, noise barrier,

transparent structure, window
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