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Abstract

We aimed to develop a naturalness index for forest-dwelling birds in four national parks in Korea

and to simulate the effect of species loss on this naturalness index. Five bird specialists were asked to give
112 bird species a disturbance susceptibility score (DSS), and the naturalness index was calculated based on
this. The 112 bird species represented 8 orders (Cuculiformes, Piciformes, Accipitriformes, Falconiformes,
Columbiformes, Caprimulgiformes, Strigiformes, and Passeriformes). DSS was the highest for Terpsiphone
atrocaudata and Pitta nympha, and lowest for Pica pica, Hypsipetes amaurotis, and Streptopelia orientalis.
There was a significant negative relationship between a species’ population number and its DSS. Among the
four national parks, Mt. Songni had the highest naturalness index, followed by Mt. Wolak, Mt. Juwang, and Mt.
Wolchul. We investigated the change in biodiversity indices under four scenarios, which assumed the extinction
of species with less than 5 (Scenario 1), 10 (Scenario 2), 50 (Scenario 3), and 100 individuals (Scenario 4). The
results showed that although all biodiversity indices decreased as the species loss increased, they all behaved
differently. Fisher’s alpha diversity decreased as the number of species proportionally decreased. There was
almost no change in Shannon-Wiener H' index in Scenarios 1 and 2. The naturalness index showed increased
sensitivity in Scenarios 1 and 4. Our future aims are to obtain the DSS for all forest-dwelling bird species, and

to adopt the naturalness index to evaluate temporal and spatial changes in biodiversity.
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gk 9710 A AETSE WIE 2YEPs= AL @
Aol vl A= FFE olalst=tl W Fastet A A
G Wste dosta qe ssiel 7100 24
olfoin ZANAY WeE mUHYSHE AL 44 ¢
t} (Purvis and Hector, 2000; Collen and Nicholson, 2014;
Watermeyer et al., 2021).
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Gregory, 2003; Rice and Rochet, 2005; van Strien et al.,
2012). AA7HA e W3S UEdr] S8 AR
Sh= A &= Aoz w7t gl 2ttt 44 o s
7} e Bt ofyet RETL o] b AR Blg o
2 Bln3 JgstA FA4o] 7hsdlor & )\Ei Eof
oh E3 A F7HA FEAA HIE F UEREA
RAHoR BES A 7|E% vlEA s vld o
ZRd N Ago] 7bsstelol & Aoz AAEHT 9
t}(CBD, 2003; Scholes and Biggs, 2005). 3}A| %t & thoF
Hg Uehly] istel TRkt A7k AAE QAR o
B 712 FHF 5T VA ASLE 43| B2 A
o], of ] A% BEHHo R ALEHE Aol sfLhe Tt
S 2 AAE L Tk (Watermeyer et al., 2021).

2R THo| golstal F thfdol TRt FH 2
7 Wsks & Uehla AAA SoldS AU ol A
A 5 SRS FASAY EYEHPsH=H #ol o
£ =3 Qlth(Temple and Wiens, 1989; Bibby, 1999). £3]
AR AN A9 Bol Y SAE RIS Q= 4t
HA 27 S A 2719 A 2] iR 4
A Fx ool FasHA Ashe AeE syt
(Boulinier et al., 2001; Lee et al., 2010; Park et al., 2012)
olef AEy 27 Ut TUFAL L
A9 wAT TU U A4 EAS dehit A %
chbgTH A4 T2 T o]F AE W] g 2
23 45 WA AVAL AU o] (Morrison e al.,
1990; Singer et al., 2012) HETHFAY T} 422 HEE
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e MAe, 22 5o w3, ¥
Al B e F —r‘/} Bt A A4 (Gregory et al., 2003;
Magurran, 2013) 5°| ot g3 o= 39 W o
ek A7 8o AN AR B9 RS B
7] 1% 2APL F71H o2 AAEHO 7|2AE7L AlFH
1 )tk (National Park Service, 2020). o] dJtoA= &
A FH AR O BEA ALEHAR AA A A=
HH (Nelson and Andersen, 1994; An and Choi, 2021)& =
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Aol HAISHE A4 2R Hgs)Rtth AAA
L Qlzrolu} 7l g ulste] T A4S o] WaksheA
Fol oA WS 8 el 4 Yk AER
g & ey ol AAH A4t AR 27 WE of
WS HEAE V120 ASHE Thby 34 Wy
3hof erobmgrt.
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1. MM =8

2HE ddez A AFE F&5H7] st =
3ol AAste 27 F AR 272 ERH:e F
< RStk AR 2/ &8s S oA —Zr
2 &5st= 4 E (orden)¥ & ti&

& (Cuculiformes), 1’4—
T2 & (Piciformes), 8] % (Accipitriformes), T} (Fal-
coniformes) H]&7]5 (Columbiformes), &=A]5 (Capri-
mulgiformes), <M 0| & (Strigiformes), &5 (Passerifor-
mes) 50| FslH, o] Fof| &Itz T bt 22
N FET Ll AL Y= AA 277 41759 58.8%
Q1 245%0] )t} (National Park Service, 2020). ZAFAF
o2 AR 4 SEFdole FAF 5%, g E 8
%, 785 13%, W5 3%, HE7]E 35, S5 15, &
o] & 5% AE 95F 5 133F0] AR5l gloy, =
dEdol AAste Aoz g8 AA 2F A 175F
9] 76%E A}A|3}L Utk (National Park Service, 2020). ©]
193% % ORI ol 21t A7k AR 5
o F2 AL £ £ 2058 Aslalol 11238 &
= 78 ARelch

47N FHFYoA RESHE ALR 7
1129 A5 o|-&sto] U tFdE FHst
T+FAl 2 Fisher’s alpha ©%FA] X429} rarefaction curve
£ FASHAY. 4T F = Krebs (1989)014 ARE-EE
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Table 1. Forest-dwelling bird classification based on habitat association (Adopted from Canterbury et al., 2000).

Category

Species

Disturbance sensitive
(Mature forest assemblage)

Sensitive to forest disturbance
Rarely found in early-successional or fragmented forest

Observed in nature subclimax pine forest and climax deciduous forest

Disturbance tolerant
(Shrubland and forest edge assemblage)

Neutral species
(Habitat generalist assemblage)

Found in brushy habitat and early-successional clear cuts
Forest-edge habitats in shrubs, agricultural land and fragmented forests

Species use intermediate habitats
Broad generalists that occur in a variety of habitats

Species that are hardly classified in any of the above species group

2. X1AY Xl

AA 222 g ugE g YAS, dukE 37 3
F2 Ytk (Canterbury et al., 2000; Table 1). 47] =3
T BESE= 11259 AHA 2{E ez =
W 257 AE7F5A0A aF T e A= 337% Al
Alstgth RAUAALE Frtsted 53 27 HAEG

AL FEsAed HEUGFY AAY A+E F7tst
7] Y% AEVE oA FHL2 3% oL R o]RA| &
(Scholes and Biggs, 2005)3t¢] 5919] &JA& &85ttt
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= Z39E el Aoz 14 Ayl et 544, 2Bd_8 10
A, 382 5070A], 412 10074A ©]3k7k Abetd 3

£ Ao 2 AA £ 4, Shannon-Wiener TS = A4 (H),
Fisher’s alpha, A94 A4 & A&31 %t} Shannon-
Wiener A¥EA| ¢ H)E A2 o 271 4 T4 (base)
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ZYTY F oMt FHFU WHo] 287.6km’2 7
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Table 2. Current biodiversity data of four national parks used in this study (Adopted from Korea National Park, 2020).

National Park area Total Vascular Vertebrates
Park (sz) number of lants Insects Others
species P Mammal Bird Amphibian Reptile Fish

Songni 274.8 4,663 895 33 149 12 16 44 2,592 922
Juwang 105.6 4,503 1,004 41 123 10 13 19 2,225 1,068
Wolak 287.6 4,158 1,250 46 128 12 13 28 2,066 615
Wolchul 56.2 3,808 867 25 124 10 15 28 1,671 1,068
Pearson correlation
between area and taxa 0.48 -0.14 0.55 0.66 0.98* 0.06 0.59 0.64
(*P<0.05)
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Fig. 1. Rarefaction curves of forest-dwelling birds at four national parks in Korea. Each graph shows the estimated species richness with
95% confidence interval. Songni, Mt Songni-san National Park, Wolak, Mt. Wolak-san National Park, Juwang, Mt. Juwang-san National

Park, Wolchul, Mt. Wolchul National Park.
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Fig. 2. Histogram of Disturbance Susceptibility Score (DSS) for
112 forest-dwelling bird species across four national parks in Ko-
rea.
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Fig. 3. Changes of indices of biodiversity loss of forest-dwelling birds under four scenarios. Current. No loss, 1. Species loss with less than
5 individuals, 2. Species loss with less than 10 individuals, 3. Species loss with less than 50 individuals, 4. Species loss with less than 100
individuals. (A) Number of species, (B) Shannon-Wiener H', (C) Fisher’s alpha, (D) Forest naturalness index.
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Appendix 1. List of forest-dwelling birds in four national parks in Korea. Songni, Mt Songni-san National Park, Wolak, Mt. Wolak-san Na-
tional Park, Juwang, Mt. Juwang-san National Park, Wolchul, Mt. Wolchul National Park. Data from National Park Service (2020).

Scientific name Korean name Songni Juwang Wolak Wolchul
Hypsipetes amaurotis gty 496 527 937 982
Parus major g 539 573 780 542
Parus palustris ESL-IN 397 531 529 242
Garrulus glandarius o] %] 284 303 604 358
Emberiza elegans e glA) 349 340 538 247
Turdus pallidus Sl a2 W 221 527 383 302
Phoenicurus auroreus N 308 262 576 272
Parus varius LZulo) 276 364 418 348
Pica pica ol 235 57 322 425
Passer montanus ZFA 226 109 331 321
Sinosuthora webbiana Eon g B R0 224 197 334 208
Sitta europaea Z 18| 231 249 323 23
Corvus macrorhynchos X 7taty 222 234 291 40
Aegithalos caudatus L ERO| 174 118 301 134
Cyanopica cyanus E7HA 90 17 272 324
Parus ater ZERA| 142 272 176 44
Lanius bucephalus | 7}%] 105 53 268 176
Cyanoptila cyanomelana 2524 129 316 66 9
Phylloscopus coronatus AHEAY 131 191 134 34
Oriolus chinensis i fTAsS) 94 41 134 119
Carduelis sinica H-2-AY 75 51 194 26
Turdus hortulorum = X 127 26 84 59
Zoothera aurea 5 R 69 39 94 60
Corvus corone 7HA 173 11 45 4
Urosphena squameiceps =AM 44 56 72 14
Troglodytes troglodytes =54 36 72 48 13
Emberiza rustica 2219 24 11 98 32
Horornis canturians k=il S= N | 21 3 6 130
Emberiza cioides A 37 23 93 4
Lavivora cyane 2187 A 54 32 25 1
Sturnus cineraceus A247] 51 8 21 31
Anthus hodgsoni A=A 21 6 42 36
Luscinia cyanura S uAy 48 5 15 33
Phylloscopus inornatus LA 26 17 34 12
Emberiza tristrami Sluf sl Af 19 6 28 6
Turdus eunomus 70E X W 13 6 19 21
Regulus regulus A& A 19 22 12 2
Zosterops japonicus SEAR 8 9 0 33
Fringilla montifringilla A 18 9 15 5
Emberiza spodocephala = 9 1 19 18
Phylloscopus borealis 21&A) 31 1 7 5
Ficedula zanthopygia A=A 31 7 0
Phylloscopus tenellipes =HEA 4 11 22 1
Ficedula mugimaki L) 17 8 11 1
Saxicola stejnegeri ALTA) 17 1 6 10
Coccothraustes coccothraustes ZA 6 3 15 10
Turdus naumanni LR 7 1 16 7
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Appendix 1. Continued.

Scientific name Korean name Songni Juwang Wolak Wolchul
Carduelis spinus AL u2A] 5 3 12 11
Lavivora sibilans 24 21 2 4 1
Muscicapa dauurica B A 8 7 8 4
Muscicapa griseisticta Alvl=Ay 23 1 1 1
Uragus sibiricus 71w ZoF7] o] 3 0 22 0
Prunella montanella L=l 6 9 8 1
Lanius tigrinus Z ) 71=] 2 1 13 2
Eophona migratoria ke o) 3 2 8 3
Terpsiphone atrocaudata 7172 =HA) 0 6 0 8
Pyrrhula pyrrhula AP o] A 0 1 1 11
Horornis diphone A ) oAy 1 0 0 9
Pitta nympha RS 0 0 1 8
Carpodacus roseus okl 0] 3 1 5 0
Emberiza rutila T 7HAY 6 1 1 0
Phylloscopus proregulus 3 8<EA 2 0 5 0
Muscicapa sibirica SuAy 0 2 3 0
Lanius cristatus Lo 7hx] 2 1 1 0
Emberiza pallasi EH-2H & A 0 0 0 4
Prunella collaris IR ES s 1 0 2 1
Ficedula narcissina IZA 2 0 0 0
Calliope calliope AS7ME 2 0 0 0
Zoothera sibirica 3] 3= X vk 2 0 0 0
Certhia familiaris Hdldlo| 2 0 0 0
Phylloscopus plumbeitarsus E£A4 2 0 0 0
Lavivora akahige F27152M 1 1 0 0
Eophona personata SR dstig 0 0 1 1
Emberiza chrysophrys LA EAY 1 0 1 0
Corvus frugilegus | 71at 2 0 0 0
Ficedula albicilla 3 72 mhAy 0 0 1 0
Dendronanthus indicus A 0 0 0 1
Emberiza sulphurata A 1 0 0 0
Parus venustulus el A ERA 1 0 0 0
Bombycilla japonica SN 0 0 1 0
Turdus chrysolaus E-2n) 2 wH 0 0 0 1
Emberiza pusilla & F-2ua Af 0 0 1 0
Otus sunia A A 53 28 47 26
Ninox japonica £H o] 14 10 9 16
Strix nivicolum 21 u) 19 11 2 0
Bubo bubo =] H o] 13 1 0 2
Otus semitorques Z2ARA 2 0 0 0
Caprimulgus jokata 2= 41 27 32 10
Streptopelia orietalis LIRS 311 267 732 739
Columba rupestris oFH| £ 7] 0 1 2 0
Falco tinnunculus 3= 64 19 17 57
Buteo buteo ZE 71 32 13 32 46
Accipiter nisus A= 28 7 20 12
Accipiter soloensis E-Luj A= 28 2 5 17
Falco subbuteo Az a7] 33 4 9 6
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Appendix 1. Continued.

Scientific name Korean name Songni Juwang Wolak Wolchul
Accipiter gentilis Zhaj 12 1 12 0
Accipiter gularis ZZo| 8 2 0 1
Butastur indicus A aj 2 | 4 0
Pernis ptilorhynchus Hul) 2 2 1 0
Buteo hemilasius E24E71E] 0 1 0 0
Yungipicus kizuki gt 256 312 389 265
Picus canus AHoohatE) 161 58 114 97
Dendrocopos major o Autr}g] 116 33 136 47
Dendrocopos leucotos o Murly 75 115 64 16
Dryocopus martius 7harecl g 35 2 5 0
Yungipicus canicapillus olE AT}y 2 0 0 0
Jynx torquilla 7R u)%}o] 0 0 1 0
Cuculus canorus WL 7] 86 48 131 44
Cuculus micropterus H25mWI7) 76 60 77 41
Cuculus saturatus H o] 2w IL7) 48 64 77 30
Hierococcyx hyperythrus W ARE 41 32 2 0
Cuculus poliocephalus =2 5 0 7 22
Appendix 2. Disturbance Susceptibility Score (DSS) for 112 forest-dwelling bird species at four national parks in Korea.

Order Scientific name Korean name DSS
Passeriformes Terpsiphone atrocaudata PR A= =N 4.800
Passeriformes Pitta nympha Az 4.800
Piciformes Dryocopus martius 7hargoa 4.600
Accipitriformes Accipiter gentilis Zf| 4.400
Strigiformes Strix nivicolum 21 1| 4.300
Passeriformes Ficedula mugimaki ) 4.286
Strigiformes Ninox japonica £H9o] 4.200
Accipitriformes Accipiter gularis ZZo] 4.200
Cuculiformes Cuculus micropterus Hesm7] 4.200
Cuculiformes Hierococcyx hyperythrus AR 4.143
Passeriformes Phylloscopus proregulus 3 gAY 4.100
Passeriformes Ficedula zanthopygia A=A 4.000
Passeriformes Ficedula narcissina =24 4.000
Passeriformes Calliope calliope Ag7E 4.000
Accipitriformes Accipiter soloensis F-2u Ao 4.000
Accipitriformes Butastur indicus <A o 4.000
Accipitriformes Pernis ptilorhynchus Huj 4.000
Piciformes Yungipicus canicapillus olE AT}y 4.000
Cuculiformes Cuculus saturatus = o] 2w JL 7] 4.000
Passeriformes Phylloscopus tenellipes &M 3.900
Strigiformes Otus semitorques SARAA 3.900
Passeriformes Cyanoptila cyanomelana 252 3.857
Passeriformes Lavivora cyane 21 5-ZA 3.857
Passeriformes Zoothera sibirica 3] =4 X 3.857
Cuculiformes Cuculus poliocephalus =24 3.857
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Appendix 2. Continued.

lon

Order Scientific name Korean name DSS
Passeriformes Oriolus chinensis A=) 3.800
Passeriformes Certhia familiaris [BR=N-1g-1e) 3.800
Strigiformes Otus sunia 2N 3.800
Caprimulgiformes Caprimulgus jokata Z=A) 3.800
Columbiformes Columba rupestris oFH|E7]| 3.800
Accipitriformes Accipiter nisus A =g 3.800
Piciformes Dendrocopos leucotos oMl 3.800
Passeriformes Turdus hortulorum =) ] wl-F 3.714
Passeriformes Zoothera aurea S =2 wg 3.714
Passeriformes Phylloscopus inornatus LEERLEA 3.714
Passeriformes Phylloscopus plumbeitarsus &4 3.714
Passeriformes Ficedula albicilla s A| 3.714
Passeriformes Dendronanthus indicus S A 3.714
Falconiformes Falco subbuteo Az 7] 3.714
Passeriformes Turdus naumanni LA 3.600
Passeriformes Lavivora sibilans 24 3.600
Passeriformes Emberiza sulphurata oA 3.600
Passeriformes Parus venustulus a1 ERA) 3.600
Strigiformes Bubo bubo S| E o] 3.600
Accipitriformes Buteo hemilasius vl 3.600
Piciformes Jynx torquilla 7hua]Zo] 3.600
Passeriformes Urosphena squameiceps <A 3.571
Passeriformes Pyrrhula pyrrhula A o] A 3.571
Passeriformes Lanius cristatus L 7hx] 3.571
Passeriformes Bombycilla japonica SN 3.571
Passeriformes Turdus chrysolaus FHr2-uf] | w7 3.571
Passeriformes Lavivora akahige EL271&2A 3.500
Passeriformes Turdus pallidus 3] uf) x| w7 3.429
Passeriformes Phylloscopus borealis AEA 3.400
Passeriformes Muscicapa dauurica 21&TA| 3.400
Passeriformes Lanius tigrinus Z ) 71A] 3.400
Passeriformes Emberiza pallasi Bulr om g2 3.400
Passeriformes Eophona personata R 3k g 3.400
Passeriformes Emberiza elegans LE A 3.286
Passeriformes Troglodytes troglodytes =%A4 3.286
Passeriformes Regulus regulus A A 3.286
Passeriformes Muscicapa griseisticta A=A 3.286
Passeriformes Carpodacus roseus oFZl o] 3.286
Passeriformes Muscicapa sibirica Sy 3.286
Passeriformes Prunella collaris IR ES e ) 3.286
Cuculiformes Cuculus canorus L7 3.286
Passeriformes Horornis canturians kald =LA 3.200
Passeriformes Prunella montanella 2oy 3.200
Passeriformes Eophona migratoria Rk 3.200
Piciformes Picus canus Ao 3.200
Piciformes Dendrocopos major Q AurhaLE] 3.200
Passeriformes Phylloscopus coronatus AHEAY 3.143
Passeriformes Emberiza tristrami S u=Ay 3.143
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Appendix 2. Continued.

Order Scientific name Korean name DSS
Passeriformes Uragus sibiricus Z1ma]ZgoFz o] 3.143
Passeriformes Emberiza rutila T A 3.143
Passeriformes Emberiza chrysophrys e ulAY 3.143
Passeriformes Luscinia cyanura S TAY 3.000
Passeriformes Horornis diphone EaEebi=oN | 3.000
Passeriformes Emberiza pusilla A E-ownlAY 3.000
Accipitriformes Buteo buteo =7 3.000
Passeriformes Garrulus glandarius o] 2] 2.857
Passeriformes Emberiza rustica 21 2.857
Passeriformes Saxicola stejnegeri ALA) 2.857
Passeriformes Parus ater ZErA 2.800
Passeriformes Anthus hodgsoni S 5AY 2.800
Passeriformes Coccothraustes coccothraustes ZA 2.714
Passeriformes Carduelis spinus A2 -2 2.714
Passeriformes Sitta europaea E 14| 2.600
Passeriformes Aegithalos caudatus RN 2.600
Passeriformes Emberiza cioides slA] 2.600
Passeriformes Fringilla montifringilla =AY 2.600
Passeriformes Emberiza spodocephala =N 2.600
Piciformes Yungipicus kizuki Alechte] 2.429
Passeriformes Lanius bucephalus o 7}%] 2.400
Passeriformes Zosterops japonicus SEA) 2.400
Passeriformes Parus palustris ESLIN 2.286
Passeriformes Parus varius Zdlo| 2.200
Passeriformes Carduelis sinica 92 2.200
Passeriformes Turdus eunomus 705 X) w7 2.200
Passeriformes Corvus macrorhynchos SR g7t 2.000
Passeriformes Parus major 1N 1.714
Passeriformes Sinosuthora webbiana FoH g 5E0| 1.714
Passeriformes Corvus corone 74 1.714
Passeriformes Phoenicurus auroreus o Af 1.600
Passeriformes Cyanopica cyanus E7HA| 1.429
Passeriformes Corvus frugilegus | 7Ha}F 1.429
Falconiformes Falco tinnunculus IR F0| 1.429
Passeriformes Sturnus cineraceus #2d7] 1.400
Passeriformes Passer montanus ZHAY 1.286
Columbiformes Streptopelia orietalis HH]E7] 1.000
Passeriformes Hypsipetes amaurotis A ukarg] 0.800
Passeriformes Pica pica il 0.571




