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Abstract

The aim of this study was to investigate the relationship between the habitats of endangered species and protected
areas, and to provide strategic implications for their conservation. Using distribution data of vascular plants provided by
the National Institute of Ecology, the habitats of 85 endangered species were analyzed. Area of occupancy (AQO),
overlapping area within protected areas (OA), and percentage of overlap (OP) were calculated for each species. In
addition, habitat characteristics such as elevation, island regions, and land cover types were analyzed. The results showed
that the average percentage of endangered species' habitat included in protected areas was 35.29%, with species having
higher overlap ratios mainly distributed in high-altitude areas above 1,000 meters. Correlation analysis between elevation
and overlap ratio showed a statistically significant positive relationship (R? = 0.639, p < 0.001). In contrast, species
distributed in low elevation areas had lower overlap ratios, indicating that these habitats have been relatively neglected in
the establishment and management of protected areas. These results underscore the importance of protected areas for
the conservation of threatened species and highlight the urgent need for additional measures to protect low-altitude
habitats. This study provides fundamental data for the development of conservation strategies for endangered species
and emphasizes the need for future research to consider habitat change and the impact of human activities for more
effective conservation planning.
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HoA]d2 AErtddS BHst
O] HHATE-E BE5H7] g A A AAR] oA Fa
SF 93-S SHK(Brooks et al., 2004; Possingham et
al., 2006; Gaston et al., 2008). T3t ZY-ZEZ|2
228 AEFY =AY (Kunming-Montreal
Global Biodiversity Framework)= AJETH¥AY &
AS WA st JHA]7]7] fl5te] S|} Hithe] HE
T9E 30%= Sst71= st THCDB, 2022).
SEATE 21 @ 7|7 FF e x| o o] S E|gl-Zol
T Bt AEUdES AS #Aaste o
(Spiliopoulou et al., 2023). =g HE 2] Ho|} 7€k
T A 7|9 RAHSTHOECM, Other effective
conservation measures; IUCN, 2019)2 A&t
& BHASIY HES A 4 Y= 58S Fddcl=
Fof Aok Aol wj$- Fasteh, Tefut R A A
2HEOl 39 B F 5l Hox|Yo] HEQV|F K
A gt FEst=A] ol et A= FSottt. A Al
Al oA B qnt HEL7E0] A4 izt
o] 74 F3Hol H7ke HF o K(Brooks et al.,
2004; Rodrigues et al., 2004), 224¥ H7} Ait=
=7t AAE Fshede UF FdZ oItk Smith et
al., 2009). =714 oA EE G HEHITES
97182 Gt & BS5H=A1E B71e A= A9
Hfom, E5] Felo] ApE2 F2 22 Mot BA
el AFE o] 2tiGaston et al., 2008; Tognelli
et al., 2008; Wiersma and Nudds, 2009). =rtfellA]
= BE71ES] A AAAE ASsta ol & 7]Ete
2 ey 1S et B 2|9 o] HA ghA miet
(Hong et al., 2018; Park et al., 2020)3} 232]<] 1
A A2 A3t 219 HA 4HE(Choe et al., 2020) 52
A7t F2 o|FolF ot 2Lt o]et AFE2 B
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715 a2 4w A
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2.3. WESP7IZ-=EAY

HEAE EETH7159 TE T X E AR
T8 A2A2] g9 E FE317] #1519 IUCN Red list of
threatened speciesollA] BEESE WHOoR Fof &
der AR F9S AEcks HaHA(Area of
occupancy, AOO)Z AH&ste] BEL71E 4412 |
S AESFIEHIUCN, 2012). AOOE &9 A 9
A& vigo 2 AgHS] W 2 km AAFE ARESte] &
o] Afsta e A 442 AHS Akttt
AOO+E= Zt HEH715E AAA] 99S AtEste, E
TR71F A9 A AR] & ArESH] flste] 74 F
H SHE = A4 WAL o] JFo R ghEe] E
FN71%F0] AR G9E AHEstrt

B f BFAE 442 2EE 4H=E5H]
Hote ZF BE71F D BE HEAEY AR &
Zo} RO ZAEE FHSt BFH71F9 KA
HZHGap) 492 sHath AOO A& ‘redlistr’ (Lee
et al., 2019) W7|A]E R version 4.3.0& ©|-8st] &
Aoy, B9 2Z= KDPA (www.kdpa.kr)oll
A AESHE 20239 HSAY BE =& ARSI
ot B339 W EF71F =2 99 AE2 ArcGIS
Pro 3.2.0% °]-&stof A3t
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Fig. 1. Distribution map of endangered species. A: Map showing occurrence locations of endangered species (red dots).
B: Occurrence locations of endangered species (Ex, Eleutherococcus senticosus, yellow dots) with area of occupancy

(green line grid) and protected areas (gray areas).

3. Zu 9 na

=G E 50771 AR AN BEA 15 F
o] 11, 1,29471 & Aol A 2 o] 42F0] =
H ek WEAHGNA= 19971 2 AHAAM 15 F
o] 4%, 3,71971 A Aol A 28 Fol 52%°] &<l
=3t £d] sA ol 28 BEA71ES T
S} A A 527t TA RS Bt 956 Wol AtiE o
2 Qe o] Bxsle Aoz Btk HhH T AX]
Aolld= 153 25 BF9N7IF 257 o Fol o
of A AHlM MAskL Qe Ao=m bt
(Table 1).

HE971E2 T2 0~300 m AA| ol HF ZEs}
A Qlew, o] FRteA 1593 25 o T 7 7H
E7 YebgT 300 m o1e] AroflA= BEHNF
o] WA &7t FA5] Aashe A Bk AAY
=7} A, sfig7tell 2 A4Sk 7, AEsol
2=, TEOIAA, mighhE Fol WA W7t A v

FoHFig. 2).
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Table 1. Distribution of threatened species (TS) counts by conservation status in island and mainland regions

Number of occurrence (Species)

Location Type

TS Class 1 TS Class 2
Island 507(11) 1,294(42)
Mainland 199(4) 3,719(52)
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Fig. 2. Species distribution by custom altitude range and threat level.
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Table 2. Number of threatened species occurrences by habitat type

Level 1 Level 3 Number of occurrence  Percentage of occurrences
Used area Road 338 591
Leveled rice field 77 1.35
Leveled crop field 20 0.35
Agricultural land Non-leveled rice field 86 1.50
Non-leveled crop field 160 2.80
Orchard 34 0.59
Coniferous forest 946 16.54
Forest Mixed forest 444 7.76
Broadleaf forest 1,986 34.73
Other grassland 607 10.61
Grass Cemetery 32 0.56
Natural grassland 107 1.87
Wetland Mudflat 5 0.09
Inland wetland 221 3.86
Riverbank 26 0.45
Barren Other barren Inad 168 2.94
Rocky cliffs 248 4.34
River 74 1.29

Water

Lake 140 2.45

Table 3. Species distribution by IUCN protected area categories

IUCN Category Number of species Number of occurrence Percentage of occurrences
Ta 17 85 1.5
Il 7 70 1.2
v 40 632 11.1
Vv 17 164 2.9
Vi 68 1,526 26.7
None 73 3,242 56.7

7159 AAAFE A-gstal

SR Yol ETtFd HAo Fag g3 ditt= A
S AAsHH, BE 2] T S Brishe 4
2 A B2 283K Chape et al., 2005; Naughton-
Treves et al., 2005). B&2]| % 23} H[&0] 80% ©]/d
T2 gtz Folohdx Higdz o, gt
gy, 9=, kol E, g dAitel, 718 E,
Isksue], deteddz, FEgotedx, AHs
AHE, AFER F 14F0) AR Q] tiHEo] BE 2]
of LG E o] glo] BHAH o] =2 A0 WHE T
o] FE9] A4 A= 2 1,000 m o] 1z thef €]

2|5, o] gk A = 17Fe] o] A o=z A
ol o202 HE 7Hsrdo] ot 4417
7} 2 BAE Ao 2 velti(Table 59 Fig. 3).
et Ho 29 F3 HEo] ANTAE 24
S A3} R2=0.639, p < 0.0012 YEfL} F H<4 7|
= SAALSE Foulgt ko] A7t ER1= ATt
£ B TN =2 FE5E A7 SR
3He 7Hs/do] At A AlARRIT AAZ &
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Table 4. Distribution of threatened species by protected area types

PA type in Korea

Number of species Number of occurrence Percentage of occurrences

Landscape reserve 1 2 0.03

National parks 13 135 2.36

County park 1 33 0.58

Provincial park 4 21 0.37

Urban natural park areas 1 3 0.05

Scenic site 9 45 0.79

Baekdudaegan mountatins reserve 8 98 1.71

Forest genetic resources reserve 12 164 2.87

Water source protection area 2 9 0.16

Ecosystem and landscape conservation areas 27 0.47

Riparian buffer zone 40 0.70

Fishery resource conservation area 1 2 0.03

Catchment reserve protection area 14 113 1.98

Wetland protected area 7 67 1.17

Wetland protected area - Tidal flat 3 0.05

City ecosystem and landscape conservation area 1 1 0.02

City wetland protected area 1 1 0.02

Wildlife protection district 10 88 1.54

Natural environment conservation areas 64 1,452 25.39

Disaster prevention reserve 2 7 0.12

Natural monument 12 58 1.01

Nature reserve 12 56 0.98

Special measure areas 23 0.40

Environment conservation marine area 29 0.51

None 73 3,242 56.69

Y B2 23t Hlgo] 20% PITH] F-2 AA A -2 dutg EJ—’—H“Q’(Curran et al., 2004).
o, FT, A EE, AT 3—”\}3” AR A 55| Tt B2 FE0] Ho x| 29t Hl-Eo|
Nopguhr, SHhsE, ¥ H’VH T, ZW7HA W2 2, AA A A2 7 B ] o Aol 4] AT
U, UWedd, 7hesAE 5 & 3452 A4 o O 7 40T §l3-& HolErt, wheba] Az ol A4
Fato] Bz Aol 29=7] ghot W B s ol BEN71ES BEot] 9ol o] 5] AAAE K
o|al Qltt. ol2fjt FE9] A= F2 S °F 300 2o Zetste F7HAQ1 229 @A, QX &E Y]
m ©|5te] 2| A Hjof] f]AIskaL Qlo} e HAH g B FFS Eoli= B Hefo] WHaw|ojof girt,
%tk Shim et al.(2020) YE3eo] Bt sl o] Aik= FFL71FO BAS flo Hoxo 44
143.6 moll 235}, T HeE 25 e}F A4 2] o= o] T4 ZtxohH, 59| ez U $3 Hl&ol
QIsto] A AdHlelA dEE Ao 7HE5ith(Lee 2 Foll sl Bk =21 B3 Hdefo] Fasith=
and Choi, 2006). =219 AFoA = H]S7t o] e AARIE o9 A 3 o] Ai4de Sl
PAHG. HEdo Avede AAY BEde  BEPIFC] AAAE GiHoE oS e
198514 E] 20014 Afo] 56% olo] Axgon] o] malsjor g Waol ke Ao o

357 s 2 M S A0 859 93L 3



Seiet B EAofo] sl

rr

AN FHTEAR)] AN BE 5y 51

Table 5. Protected area coverage within habitat area for threatened species. This table shows the extent to which protecte:
with the habitat area of threatened species. The abbreviations are as follows: AE is the average elevation (m) of th
represents the area of occupancy count within the habitat. HA indicates the total habitat area (), and OA
overlap area between habitat and protected area (krt), While OP is the overlap percentage, showing the proportio
area covered by protected areas as a percentage

Species AE AOO HA OA
Rhododendron aureum (=% %) 1,615 1 4 4
Cremastra unguiculata (FAPdx) 757 1 4 4
Gymnadenia conopsea (£8Ft%) 1,611 2 8 8
Diapensia lapponicavar. obovata (%) 1,813 1 4 4
Leontopodium coreanumvar. hallaisanense (FF2tTte]) 1,873 1 4 4
Arctous rubra (42) 1,442 2 8 8
Pedicularis hallaisanensis (Te1601%) 1,447 5 20 19.76
Lycoris chinensis var. sinuolata (1’73733} 145 5 20 18.13
Trientalis europaea subsp. arctica (71/3%) 1,360 16 64 57.59
Lilium dauricum (87§5ks]) 1,372 8 32 28.36
Liparis auriculata ($FEFFE %) 1,085 1 4 3.52
Neottianthe cucullata (& 8ord=x) 1,099 7 28 22.82
Lychnis wilfordii (A8 SAE) 858 1 4 3.25
Amsonia elliptica (3FE) 85 1 4 3.24
Cypripedium guttatum (BEFH Uz 1,210 2 8 6.17
Halenia coreana (¥S% 1,344 5 20 14.32
Kubhlhasseltia nakaiana (8-2&) 748 13 52 35.04
Iris koreana (=32E) 148 18 72 48.31
Kirengeshoma koreana (=11 608 8 32 18.76
Fleutherococcus senticosus (7YX 220 L}5) 970 31 124 72.48
Cyrtosia septentrionalis (283 %) 512 18 72 41.9
Aconitum austrokoreense (M'E572) 445 29 116 67.33
Cypripedium macranthos (B Uzh) 1,036 37 148 77.36
Viola websteri (A Z) 547 19 76 38
Asplenium antiquum (TtZ29) 109 2 8 3.91
Thalictrum coreanum (8% <Jch]) 733 9 36 16.79
Bulbophyllum drymoglossum (ZA7N=) 369 5 20 9.24
Michelia compressa (%5) 201 4 16 7.36
Dendrobium moniliforme (433, 165 20 80 34.65
Metanarthecium luteo-viride (4B 2]1}) 127 5 20 7.83
Cypripedium japonicum (C&a873%E) 800 19 76 27.99
Bulbophyllum inconspicuum (Z'4) 230 7 28 9.59

Isoetes coreana (FEH) 118 13 52 16.07
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Species AE AOO HA OA
Cleisostoma scolopendrifolium (A=) 91 28 112 34.46
Gastrochilus fuscopunctatus (B4R 269 4 16 4.77
Oberonia japonica (2 0]z 186 3 12 3.55
Cymbidium macrorhizon (&%) 158 22 88 23.38
Utricularia yakusimensis (FF8717H) 573 15 60 15.52
Pedicularis ishidoyana (°171%:0]2) 313 16 64 16.54
Orobanche filicicola (BT F-4o]) 46 8 32 7.92
Cymbidium kanran (3+3) 300 21 84 19.78
Silene capitata (F-8737-) 164 10 40 9.4
Menyanthes trifoliata (ZE1E) 231 6 24 5.56
Woodwardia japonica (FIZ1oFAH]) 379 2 8 1.81
Anagallidium dichotomum (H§&E) 640 9 36 7.36
Paeonia obovata (A¥2F) 489 27 108 21.61
Aster altaicus var. uchiyvamae (F32570]) 92 13 52 10.4
Aconitum coreanum (BF2F) 382 31 124 22.67
Bupleurum latissimum (P34X <) 127 6 24 4.15
Neofinetia falcata (&) 60 16 64 10.12
Calanthe aristulifera F1SP$-E%) 229 2 8 1.23
Mankyua chejuensis (AIFIAFE]A) 100 7 28 3.95
Viburnum burejaeticum (AHEZU5) 340 4 16 2.14
Cotoneaster wilsonii 37|oFFUHE) 68 5 20 2.67
Epilobium hirsutum (Z¥Fs%) 466 8 32 424
Drosera peltatavar. nipponica (F-E0]177H) 25 28 112 13.54
Lasianthus japonicus (F-F45) 273 4 16 1.78
Quercus gilva PN7HA ) 156 13 52 5.35
Sedirea japonica (Y x=a3h) 156 9 36 3.68
Viola mirabilis (5-=UAHE) 264 22 88 8.71
Brasenia schreberi (%) 101 28 112 10.7
Cicuta virosa (5742)) 302 15 60 4.67
Sarcandra glabra (53%) 243 3 12 0.83
Scrophularia takesimensis (‘484 32 12 48 2.92
Euryale ferox (7YX ) 56 110 440 26.68
Thrixspermum japonicum (F1Z+&) 478 3 12 0.71
Ranunculus trichophyllus var. kadzusensis ("1EHHs) 9 56 224 12.03
Stellera chamaejasme (T%-21E) 276 1 4 0.21
Psilotum nudum (E'd) 67 20 80 3.72
Cymbidium lancifolium (F3{2) 342 4 16 0.74
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Species AE AOO HA OA
Glaux maritima var. obtusifolia (7129ro| ) 5 4 16 0.72
Ceratopteris thalictroides (E1AT2]) 15 19 76 2.74
Dysophylla yatabeana (AF-E318])E) 120 5 20 0.69
Iris [aevigata (AR ZE) 6 4 16 0.51
Fuchresta japonica (}Fd-E) 282 2 8 0.22
Saururus chinensis (AF8 %) 60 12 48 0.75
Cyclosorus interruptus (F-2H11AH2]) 2 1 4 0.01
Prerygopleurum neurophyllum (A&7 UE) 2 1 4 0.01
Viola raddeana (‘AAH1Z) 69 2 8 0.01
Habenaria radiata (1=t %) 99 2 8 0.00
Lychnis kiusiana FF=5AE) 537 1 4 0.00
Nymphaea tetragona var. minima (ZYA5-3) 12 3 12 0.00
R2=0.639
_ p=1421e-15
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Fig. 3. Relationship between average elevation and percentage of habitat in protected areas.
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