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Abstract

This work aims to select the potentially vulnerable plant species against climate change at alpine
and subalpine belts of Mts. Sorak, Jiri, and Halla, from central, southern, southern insular high
mountains of the Korean Peninsula, respectively. The selection of global warming related
vulnerable plants were performed by adapting various criteria, such as flora, endemicity, rarity,
floristically specific and valuable species, species composition at mountain summits, horizontal
and vertical ranges of individual species, and their distributional pattern in the Korean Peninsula.
Line and quadrat field surveys along the major trails from all directions at height above 1,500
meters above sea level of Mts, Sorak, Jiri and Halla were conducted each year during spring,
summer, and autumn from 2010 to 2011.

Based upon above mentioned eight criteria, high level of climate change related potentially
vulnerable arboral plants, such as Rhododendron aureum, Taxus caespitosa, Pinus pumila, Oplopanax
elatus, Vaccinium uliginosum, and Thuja koraiensis are noticed from at subalpine belt of Mt. Sorak.
Species of Abies koreana, Rhododendron tschonoskii, Oplopanax elatus, Taxus cuspidata, Picea jezoensis,
and Juniperus chinensis var. sargentii belong to climate change concerned vulnerable species at
subalpine belt of Mt. Jiri. High level of climate change related species vulnerability is found at
alpine and subalpine belts of Mt. Halla from Diapensia lapponica var. obovata, Salix blinii, Empetrum
nigrum var. japonicum, Vaccinium uliginosum, Juniperus chinensis var. sargentii, Taxus cuspidata,
Rhamnus taquetii, Abies koreana, Hugeria japonica, Prunus buergeriana, and Berberis amurensis var.
quelpartensis. Countermeasures to save the global warming vulnerable plants in situ are required.
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Figure 1. Study sites and remotely sensed images
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Table 1. Floristically specific plants (Ministry of Environment, 2006)
Grades Criteria
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Table 2. Vascular plants of Mt. Sorak
Taxa Fam. Gen. Sp. Var. For. Total
Pteridophyta 3 5 5 5
Gymnospermae 3 4 5 5
Angiospermae 39 96 112 22 134
Dicotyledoneae 36 85 98 21 119
Polypetalous flowers 24 49 57 10 67
Gamopetalous flowers 12 36 41 11 52
Monocotyledoneae 3 11 14 1 15
Total 45 105 122 22 144
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Table 3. Vascular plants of Mt. Jiri

Taxa Fam. Gen. Sp. Var. For. Total
Pteridophyta 4 10 14 1 15
Gymnospermae 2 4 5 5
Angiospermae 40 92 114 24 1 139
Dicotyledoneae 37 78 94 24 1 119
Polypetalous flowers 25 50 60 10 1 71
Gamopetalous flowers 12 28 34 14 48
Monocotyledoneae 3 14 20 20
Total 46 106 133 25 1 159
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Table 4. Vascular plants of Mt. Halla
Taxa Fam. Gen. Sp. Var. For. Total
Pteridophyta 5 8 12 1 13
Gymnospermae 3 3 2 1 3
Angiospermae 45 96 111 24 3 138
Dicotyledoneae 40 81 88 22 3 113
Polypetalous flowers 26 42 50 10 1 61
Gamopetalous flowers 14 39 38 12 2 52
Monocotyledoneae 5 15 23 2 25
Total 53 107 125 26 3 154
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Table 5. Arboreal plants at mountain summits of the Korean Peninsula
. . Baek .
Family Names Korean Names Species Names doo Sorak | Jiri | Halla
FH Taxus cuspidata S. et Z. ©) ©) @) ©)
Taxaceae 52 - -
Aotepi Taxus caespitosa Nakai @)
B Abies nephrolepis Maxim. @)
AR Abies koreana Wilson (@) ©)
ZHEH Picea jezoensis Carr. O [ A% | ©
Pinaceae A~U-5-3t il - ! . K
A Pinus koraiensis S. et Z. ©) O ©)
AR Pinus pumila Regel (@) @)
AU Pinus densiflora S. et. Z. © © (@) ©
) L= Thuja koraiensis Nakai ©) @)
Cupressaceae = L}-53} - ] — "
EERE Juniperus chinensis var. sargentii Henry ©) ©)
TEE Salix caprea Linn., @)} ©)
Salicaceae H =511} 7= Salix koriyanagi Kimura @)
AFAE Salix blinii Lev. ©)
ARAT LU Betula ermanii Cham. © © © ©
=9 L Alnus hirsuta (Spach) Rupr.. @) @
Betulaceae AR} i - P P ;
dE QU | Alnus fruticosa var. mandshurica Call. @) @)
RISy BAns Corylus sieboldiana Bl. @)
Fagaceae Z -1} Al Quercus mongolica Fisch. © ) © ©
e} Berberis amurensis Rupr. © ©
Berberidaceae " AL} s - - P -
AufREE UL | Berberis amurensis Rupr. var. quelpartensis ©)
SRl Magnolia sieboldii K. Koch ©) O ©) ©)
Magnoliaceae =3¢ L gn i
L u)z} Schisandra chinensis Baill ®
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Table 5. Continued
Family Names Korean Names Species Names l?lieok Sorak | Jiri | Halla
At Hydrangea serrata for. acuminata (S. et Z.) Wils. ©)
Saxifiagaceac ] 71} %i}—ﬂ-f,‘—% Hydrangea serfata for.( fertilis Wils. @)
=5 Hydrangea petiolaris S. et Z. (@)
H}-Q| =t Schizophragma hydrangeoides S. et Z. @)
FEXRIUE Spiraea miyabei Koidz. ©
A, Stephanandra incisa Zabel ©) © ©)
SA017E Rosa pimpinellifolia Linn. ©
F2ol71E Rosa marretii Lev. @)
Rosaceae #1| 2} A7 Prunus buergeriana Migq. ©)
AP Prunus sargentii Rehder O
EANRAIE | Prunus meyeri Rehder @)
ALz Pyrus ussuriensis Maxim. ©
w7} Sorbus commixta Hedl. O © © (@)
Leguminosae -1} 2 Pueraria thunbergiana Benth. @
Empetraceae A] 21|22} AlZ2H] Empetrum nigrum var. japonicum K. Koch ©)
Aquifoliceae 7T | EUE Ilex crenata Thunb. ©
SR Euonymus alatus (Thunb.) Sieb. © O
S| E Euonymus pauciflorus Maxim. ©) © @)
Celastraceae =Bl =3} | U Euonymus schalinensis (Fr. Schm.) Maxim. @) @)
U S Euonymus macroptera Rupr. © ©
i Eaans Tripterygium regelii Sprague et Takada ©) © ©
BA=EN|B A Acer mono Maxim. © O
Aceraceae SHELFEL 3} ijl lf\/}-‘?— :11 cer ukurund.uense .Trautv. et Meyer © © ©
i cer pseudosieboldiaum (Paxton) Kom. © ©
B Acer manshuricum Maxim. © ©
7 Lt Rhamnus taquetii Lev. @)
Rhamnaceae Zmjjub- ity | SZ4oju2 Rhamnus parvifolia Bunge @)
AR e UL | Rhamnus yoshinoi var. mandshurica T. Lee ©
7Nk Actinidia polygama (8. et Z.) Maxim. © ©
Actinidiaceae Tl bt} | ol Actinidia arguta Planch. @) @)
EZRE Stewartia pseudocamellia Maxim. @)
Elacagnaceae 1 2] U3} | B 2] b5t Elaeagnus umbellata Thunb. @)
Araliaceae 551} THEEL Oplopanax elatus Nakai @) @)
Diapensiaceae S| SPFL 1} | S St Diapensia lapponica var. obovata Fr. Schm ©)
ey X Rhododendron aureum Georgi ©) ©
=R )=l Rhododendron mucronulatum var. ciliatum Nakai @) @ @)
el Rhododendron tschonoskii Maxim. ©
) Az Rhododendronyedoense var. poukhanense (Lev.) Nakai (@) @) @)
Ericaceac 22} Az Rhododendron schlippenbachii Maxim. ©
Al AU Hugeria japonica (Miq.) Nakai ©
E2UE Vaccinium uliginosum L. O @) (@)
Ao =L Vaccinium koreanum Nakai (@) (@) ©




128 AFSYIL M23H M2&E

Table 5. Continued

Family Names Korean Names Species Names ]?le(l)eok Sorak | Jiri | Halla
Symplocaceae = AU} | A = 7Y Symplocos coreana (Lev.) Ohwi @©
S | Fraxinus rhynchophylla Hance ©
Oleaceae &38| L5} PR Fraxinus sieboldiana BI. @)
ZSIUE | Syringa wolfi Schneid. © @)
Apocynaceae §= 1} upAkE Trachelospermum asiaticum var. intermedium Nakai ©
A GFUEE | Sambucus sieboldiana var. miquelii (Nakai) Hara © ©
oL Sambucus williamsii var. coreana Nakai @) ©
Byt Viburnum furcatum Bl. ©
A7V | Viburnum wrightii Miq. @)
LIy BT Viburnum sargentii Koehne © ©
Caprifoliaceae Q1752 FO IR | Weigela florida (Bunge) A. DC. @) @) @)
AU | Weigela praecox Bailey @) (@) @)
FW=UE | Lonicera ruprechtiana Regel © ©
yyo|Lt 5 | Lonicera caerulea var. edulis Regel © @) © ©
AW B | Lonicera subsessilis Rehder © ©
S|I B | Lonicera tatarinowii var. leptantha (Rehder) Nakai | ©
. AFz2Y | Sasa quelpaertensis Nakai @)
Gramineae B3} - -
Z3lY Sasa borealis (Hack.) Makino O @)
_ Aulgid= | Smilax china L. ©
Liliaceae ¥} &}k ° ik — e
A7 G | Smilax sieboldii Miq. ©
At AR, Aol Aehs ZRERIUAE, BhuE, ok W& AR 9 RS S SEUR (ot
UGEUT, FAZUE, A9EUr 5 5FOlth A), EFUFA A FA) 5 2Folch AHFS 4
7HE RV Aol A= EAEA] O Al A AR F 3 Aaof] R E o] Az wlFAHE Y
P A Il ARl R ), A T, BHlUy, 7IHE, |
FRY R Hobibo] Aokl AR, £ BRWUR F2e71E, $ectE, SuAy
5 e

SR, Mg 5 7ot FURE Ao,
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FHe Mopt, A2l ghebito] Aok b,
YA, A%, AR, $OUELE 5 5%
ofT}, FEAZRL THE i X4l AFE)
geptel el AR, B 5 2%l
A g e A7Ae] 474 Aol 4 MejH oz el
ol Aol EEah WEAb~ | Ak 2l

), Aot~ SeHHER YR, SUR) 5 1150]

AL, AlEE), M E

. akee, AbE,

a5 =¥
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3830l
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Yo NBFW 24 BEGL uigoR Broje]  WEAG|Y 4 518 BEo s Ho] s
2418 Zplolol #9510] et 350l A7 % 1200m ool m HFAHE 2500m Aol
2% 5 71 Fste] uet BEA7F SAE] AE  PHSH RFUYE, BAIR, FB, EBUR, 4
of oS WA B WA HFFOR BRI, AHUR, BAEUR 5L AT Lyt o
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0 A B‘C‘D E FG H‘l ‘J‘K LMN O‘P‘Q‘R ST UVV‘W‘X Y Z‘AA‘ABAC‘AD‘AE'AFAGAHAI‘AJ‘AK‘ALAMANAOAP‘AQ‘AR‘ASATAUAV
A | Smilax china Q | Lonicera subsessilis AG | Thuja koraiensis
B | Smilax sieboldii R | Rosa marretii AH | Euonymus macroptera
C | Euonymus alatus S | Magnolia sieboldii Al | Viburnum wrightii
D | Elaeagnus umbellata T | Tripterygium regelii Al | Salix koriyanagi
E | Stephanandra incisa U | Rhamnus yoshinoi var. mandshurica AK | Alnus fruticosa var. mandshurica
F | Spiraea miyabei V' | Pinus koraiensis AL | Acer ukurunduense
G | Quercus mongolica W | Euonymus pauciflorus AM | Syringa wolfi
H | Fraxinus rhynchophylla X | Actinidia polygama AN | Taxus cuspidata
I |Salix caprea Y | Viburnum sargentii AO | Pinus pumila
1 | Actinidia arguta Z |Sasa borealis AP | Betula ermanii
K | Rhododendron yedoense var. poukhanense | AA | Sorbus commixta AQ | Oplopanax elatus
L |Sambucus sieboldiana var. miquelii AB | Acer manshuricum AR | Taxus caespitosa
M |Schisandra chinensis AC | Pinus densiflora AS | Juniperus chinensis var. sargentii
N | Pueraria thunbergiana AD | Sambucus williamsii var. coreana AT | Vaccinium uliginosum
O | Vaccinium koreanum AE | Rhododendron mucronulatum vat. ciliatum | AU | Lonicera caerulea var. edulis
P | Lonicera ruprechtiana AF | Abies nephrolepis AV | Rhododendron aureum

Figure 2.

Vertical range of major species at Mt. Sorak
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A | Pinus densiflora P | Magnolia sieboldii AE |Betula ermanii
B | Alnus hirsuta Q | Euonymus pauciflorus | AF | Corylus sieboldiana
C | Stephanandra incisa R | Tripterygium regelii | AG | Sorbus commixta
D | Stewartia pseudocamellia S | Acer mono AH | Vaccinium koreanum
E | Elaeagnus umbellata T | Acer manshuricum Al |Syringa wolfi
F | Rhododendron yedoense var. poukhanense U | Actinidia polygama Al | Lonicera ruprechtiana
G | Trachelospermum asiaticum var. intermedium | V | Actinidia arguta AK | Sasa borealis
H | Smilax china W | Fraxinus sieboldiana | AL | Abies koreana
I | Smilax sieboldii X | Weigela florida AM | Rhododendron mucronulatum var. ciliatum
J | Hydrangea serrata for. acuminata Y |Schisandra chinensis | AN |Juniperus chinensis var. sargentii
K | Pueraria thunbergiana Z | Pyrus ussuriensis AO | Acer ukurunduense
L | Fraxinus rhynchophylla AA | Taxus cuspidata AP | Rhododendron tschonoskii
M | Acer pseudosieboldiaum Picea jezoensis AQ | Oplopanax elatus
N | Rhododendron schlippenbachii AC | Pinus koraiensis
O | Quercus mongolica AD | Salix caprea

Figure 3. Vertical range of major species at Mt. Jiri
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A | Symplocos coreana N | Rhododendron yedoense var. poukhanense | AA | Prunus buergeriana
B | Pinus densiflora O | Magnolia sieboldii AB | Prunus sargentii
C |Sasa quelpaertensis P | Abies koreana AC | Sorbus commixta
D |Pueraria thunbergiana Q | Corylus sieboldiana AD | Empetrum nigrum var. japonicum
E | Stephanandra incisa R | Euonymus alatus AE | Juniperus chinensis var. sargentii
F | Actinidia polygama S | Acer mono AF | Taxus cuspidata
G | Elaeagnus umbellata T | Acer pseudosieboldiaum AG | Betula ermanii
H | Fraxinus sieboldiana U | Actinidia arguta AH | Rhamnus taquetii
1 | Trachelospermum asiaticum var. intermedium | V| Hugeria japonica Al | Rhododendron mucronulatum var. ciliatum
J | Smilax china W | Vaccinium koreanum Al | Berberis amurensis var. quelpartensis
K | Smilax sieboldii X | Fraxinus rhynchophylla AK | Vaccinium uliginosum
L | Schizophragma hydrangeoides Y | Viburnum furcatum AL | Diapensia lapponica var. obovata
M |llex crenata Z | Lonicera ruprechtiana

Figure 4.

Vertical range of major species at Mt. Halla
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Table 6. Criteria for the selection of climate change vulnerable plants and relevant species at high mountains of Korea

Mt. Sorak

Mt. Jiri

Mt. Halla

Endemic Species

Taxus caespitosa

Abies koreana

Abies koreana, Salix blinii

Protected Species | Rhododendron aureum Diapensia lapponica var. obovata
Critically Endangered | Taxus caespitosa, Pinus pumila Salix blinii, Rhamnus taquetii, Diapensia
Species lapponica var. obovata
Endangered Species Oplopanax elatus Oplopanax  elatus, Rhododendron | Juniperus chinensis var. sargentii

tschonoskii

Vulnerable Species

Thuja  koraiensis,  Vaccinium
uliginosum, Lonicera caerulea
var. edulis

Taxus cuspidata, Picea jezoensis,
Lonicera caerulea var. edulis

Taxus cuspidata, Empetrum nigrum var.
japonicum, Vaccinium uliginosum, Lonicera
caerulea var. edulis

Floristically Specific
Species

Taxus caespitosa, Pinus pumila,
Thuja koraiensis, Oplopanax
elatus, Rhododendron aureum,
Vaccinium uliginosum(Grade V)

Picea jezoensis(Grade 1V), Abies
koreana, Taxus cuspidata, Oplopanax
elatus, Rhododendron  tschonoskii
(Grade V)

Taxus cuspidata, Abies koreana, Salix blinii,
Hugeria japonica, Symplocos coreana(Grade
IV), Juniperus chinensis var. sargentii,
Empetrum nigrum var. japonicum, Diapensia
lapponica var. obovata, Vaccinium uliginosum

(Grade V)

Isolated
(1 Mt.)

Horizontal
Range

Pinus pumila, Taxus caespitosa,
Abies  nephrolepis,  Salix
koriyanagi, Spiraea miyabei,
Rosa  pimpinellifolia, Rosa
marretii, — Prunus — meyeri,
Rhamnus parvifolia

Schisandra  chinensis, Hydrangea
serrata for: acuminata, Pyrus ussuriensis,
Pueraria  thunbergiana, Rhamnus
yoshinoi var. mandshurica, Stewartia
pseudocamellia, Rhododendron
tschonoskii, Rhododendron
schlippenbachii, Fraxinus
rhynchophylla, Fraxinus sieboldiana

Salix blinii, Corylus sieboldiana, Berberis
amurensis var. quelpartensis, Hydrangea
serrata for. acuminata, Hydrangea petiolaris,
Schizophragma  hydrangeoides, ~ Prunus
buergeriana, Prunus sargentii, Empetrum
nigrum var. japonicum, llex crenata, Rhamnus
taquetii, Elaeagnus umbellata, Diapensia
lapponica var. obovata, Hugeria japonica,
Symplocos  coreana,  Trachelospermum
asiaticum var. intermedium, Viburnum
furcatum,  Viburnum  wrightii, — Sasa
quelpaertensis, Smilax china, Smilax sieboldii

Disjunct
(2 Mts.)

Salix caprea, Oplopanax elatus,
Rhododendron mucronulatum
var. ciliatum, Sambucus sieboldiana
var. miquelii, Lonicera subsessilis,
Sasa borealis(Mt. Sorak & Mt. Jiri)

Abies koreana, Juniperus chinensis
var. sargentii(Mt. Jiri & Mt. Halla)

Vaccinium uliginosum, Euonymus schalinensis
(Mt. Sorak & Mt. Halla)

Vertical | Above
Range | 1,500m

Rhododendron aureum, Vaccinium
uliginosum, Juniperus chinensis
var. sargentii, Taxus caespitosa,
Betula ermanii, Pinus pumila,
Taxus cuspidata, Syringa wolfi

Rhododendron  tschonoskii, Acer
ukurunduense, Juniperus chinensis
var. sargentii, Abies koreana

Rhododendron mucronulatum var. ciliatum,
Diapensia lapponica var. obovata, Vaccinium
uliginosum,  Berberis —amurensis  var.
quelpartensis, Rhododendron mucronulatum
var. ciliatum, Rhamnus taquetii, Betula ermanii,
Taxus cuspidata, Juniperus chinensis var.
sargentii, Empetrum nigrum var. japonicum,
Sorbus commixta, Prunus sargentii, Prunus
buergeriana
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