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Plant Phenology of Threatened species for Climate change in

Sub-alpine zone of Korea
- Especially on the Summit Area of Mt. Deogyusan -
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Abstract - We investigated the plant phenology on the threatened species for climate change in the summit area of Mt.
Deogyusan which is a representative sub-alpine zone in Korea. We had performed the monitoring survey of plant phenology
on 38 species including 20 trees and 18 herbs from May 2009 to November 2010. The investigated phenological
charateristics were five dates for leafing, flowering, floral abscission, autumn leaf colors and leaf abscission on each plant
species in sub-alpine region. The climate data were measured from November 2009 to December 2010. The range of
temperature was from 30.4 to —20.3 C at Hyangjeokbong to Jungbong region, and the relative humidity was 100% to 3.4%.
The leafing dates in 2010 were similar to 2009 or were 6-20 days delayed in most of the investigated species except
Veratrum oxysepalum and Sanguisorba hakusanensis which showed 8 days earlier leafing dates in 2010. The biggest
difference among phenological characters was found in flowering dates. The flowering dates of early Spring blooming
species such as Heloniopsis koreana, Rhododendron yedoense for. poukhanense and Viola orientalis showed 13-20 days
earlier in 2010, and the several summer flowering species as Viburnum opulus var. calvescens, Smilacina japonica and
Bupleurum longeradiatum showed 6-10 days delay in 2010. The dates for floral abscission and autumn leaf colors in 2010
were delayed about 10-18 days, and leaf abscission dates were similar to 2009. The effects of climate change on the
phenology for the threatened species in sub-alpine zones of Korea are occuring especially on flowering, floral abscission

and autumn leaf colors.
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Fig. 1. The surveyed summit area and map of Mt. Deogyusan.
A: Mt. Deogyusan B: Hyangjeokbong region.
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Table 1. The list of the plant species in the investigated area

SR,

No Family Name Scientific Name Korean Name
1 Fagaceae Quercus mongolica Fisch. ex Ledeb. A
2 Betulaceae Betula ermanii Cham. AR L
3 Liliaceae Heloniopsis koreana Fuse, N.S.Lee & M.N.Tamura A x| mt
4 Ericaceae Rhododendron schlippenbachii Maxim. A%

5 Liliaceae Hemerocallis coreana Nakai =995
6 Ericaceae Rhododendron yedoense for. poukhanense (H.Lév.) Sugim. Az
7 Araliaceae Eleutherococcus sessiliflorus (Rupr.&Maxim.) S.Y.Hu LA S
8 Rosaceae Prunus verecunda (Koidz.) Koehne 7
9 Caprifoliaceae Lonicera subsessilis Rehder A ELH
10 Magnoliaceae Magnolia sieboldii K.Koch ST
11 Liliaceae Veratrum oxysepalum Turcz. i)

12 Oleaceae Fraxinus riynchophylla Hance v
13 Aceraceae Acer pseudosieboldianum (Pax) Kom. FEEUT
14 Berberidaceae Berberis amurensis Rupr. LEIS R
15 Aceraceae Acer pictum subsp. mono (Maxim.) Ohashi A=E=IB
16 Aceraceae Acer komarovii Pojark. Al
17 Rosaceae Sanguisorba hakusanensis Makino AFQ ol E
18 Liliaceae Clintonia udensis Trautv. & C.A.Mey. [RRSE as
19 Scrophulariaceae Veronica rotunda var. subintegra (Nakai) T.Yamaz. AE)E
20 Violaceae Viola orientalis (Maxim.) W.Becker A4
21 Salicaceae Salix caprea L. IEHE
22 Cornaceae Cornus controversa Hemsl. ex Prain ST
23 Caprifoliaceae Viburnum opulus var. calvescens (Rehder) Hara A
24 Ericaceae Vaccinium hirtum var. koreanum (Nakai) Kitam. A
25 Polygonaceae Bistorta manshuriensis (Petrov ex Kom.) Kom. Hig]
26 Labiatae Phlomis umbrosa Turcz. et
27 Geraniaceae Geranium eriostemon Fisher ex DC. 2FE0
28 Rosaceae Aruncus dioicus var. kamtschaticus (Maxim.) H.Hara fd el
29 Schisandraceae Schisandra chinensis (Turcz.) Baill. Qm| =}
30 Liliaceae Smilacina japonica A.Gray 5
31 Rosaceae Sorbus commixta Hedlund edes
32 Compositae Parasenecio auriculatus var. kamtschaticus (Maxim.) H.Koyama et UE
33 Umbelliferae Bupleurum longeradiatum Turcz. TIAE
34 Scrophulariaceae Pedicularis resupinata L. Fol&
35 Aceraceae Acer ukurunduense Trautv. & C.A.Mey. EA U
36 Compositae Synurus deltoides (Aiton) Nakai 94
37 Scrophulariaceae Scrophularia koraiensis Nakai 284
38 Compositae Saussurea neoserrata Nakai AHEE
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Table 2. Environmental indices of investigated area in Mt. Deogyusan

Site number 1 2 3 4 5 6
N 35°51'48" N 35°51'33" N 35°51'46" N 35°51'42" N 35°51'15” N 35°51'07”

GPS point L L L, S L, L,
E 127°44'41 E 127°44'45 E 127°44'39 E 127°44'41 E 127°44'48 E 127°44'49
Major species QUM* RHS, ACP FRR, RHY ABK, TAC ABI;’CIJAC’ FRR, RHY
Altitude (m) 1538 1606 1556 1557 1573 1590
Slope (°) 5 20 10 5 5 15
Area (mxm) 20x15 10x10 15x15 20x15 20%20 10x10
Tree height (m) 6 1.5 6 6.5 10 1.5
Tree cover (%) 90% 60% 95% 90% 95% 70%
Bare rock (%) 5 10 0 0 20 5
Topography ridge summit ridge ridge ridge summit
Number of species 33 16 28 26 28 16

"QUM: Quercus mongolica, RHS: Rhododendron schlippenbachii, ACP: Acer pseudosieboldianum, FRR: Fraxinus rhynchophylla, RHY:
Rhododendron yedoense for. poukhanense, ACU: Acer ukurunduense, ABK: Abies koreana, TAC: Taxus cuspidata.
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Table 3. Data of plant phenology for investigated species in Mt. Deogyusan

leafing flowering floral abscission  red coloring of leaves leaf abscission
Taxa *2()09 2010 2009 2010 2009 2010 2009 2010 2009 2010
Quercus mongolica 5123 5129(+6)  5/23 - 6/18 - 9/23 10/2(+9) 10/14  10/16(+2)
Betula ermanii 503 529(+6) 612 - - ; 9/17 102(+15) 929 10/16(+17)
Heloniopsis koreana - 5/15 5123 5/1(-22)  6/2  5/29(-4) 917 10/16(+29) - -
Rhododendron schlippenbachii ~ 5/23  5/29(+6)  6/2 6/12(+10) 7/4 7/2(-2) 917 10/2(+15) 929  10/16(+17)
Hemerocallis coreana 5123 5/15(-8) 74 T72(2) 720 T7/22(+2) 917 9/18(+1) 929  10/2(+3)
Rhododendron yedoense for. g3 spg60 sp3 5/15(-8) 618 529(20) 9729 102(+3)  10/14  10/16(+2)
poukhanense
Eleutherococcus sessiliflorus 5123 6/12(+20) 7/20  7/22(+2) &/17  8/13(-4) 9/29 10/2(+3) 10/14  10/16(+2)
Prunus verecunda - 5/29 - 5/29 - 6/12 - 102 - 10/16
Lonicera subsessilis 5123 5129(+6)  6/2  6/12(+10) 6/18  7/2(+14) 917 10/2(+15) 929  10/16(+17)
Magnolia sieboldii - 5/29 - 72 - 7/22 - 10/2 - 10/16
Veratrum oxysepalum 53 S/15(-8) T4 T2(2) 720 722(+2) 7120 02(+2) 817 8/13(-4)
Fraxinus rhynchophylla 5123 5129(+6) 6/2  6/12(-10) - - 9/29 10/2(+3) 10/14  10/16(+2)
Acer pseudosieboldianum 5123 5/15(-8) 5/23  5/29(+6) 6/2 6/12(+10)  9/17 9/18(+1) 929  10/2(+3)
Berberis amurensis 5123 5/29(+6) 5123 6/12(+20) 672 7/2(+30) 917 10/2(+15) 10/14  10/16(+2)
Acer pictum subsp. mono 5123 5/29(+6) - - - - 917 10/2(+15) 10/14  10/16(+2)
Acer komarovii 503 509(+6) 523 6/12(+20) 62  T2(+30) 917 102(+15) 929  10/16(+17)
Sanguisorba hakusanensis 503 5/15(-8) 820 §/7(-13) 917  9AC13) 917 102(+15) 929  10/16(+17)
Clintonia udensis 503 529(+6) 62  6/12(+10) 618 72(+14) 929 102(+3)  10/14  10/16(+2)
Veronica rotunda var. 503 529(+6) 817 8/ACI0) 917 SA3(:34) 929 102(+43) 1014 10/16(+2)
subintegra
Viola orientalis - 515 523 5/15(-8) 6/18  6/12(-6) 7/ 7/2(2) §/17  9/4(+18)
Salix caprea - 5/29 - 5/15 - 5129 - 1072 - 10/16
Cornus controversa - 5/29 - 7/2 - 7/22 - 102 - 10/16
Viburnum opulus var. 53 509(+6) 618 T2(+H4) T4 T2(+18) 917 102(+15) 929  10/16(+17)
calvescens
kf::;ﬁ;‘;’:’ hirtum var. 503 509+6) 618  6/12(-6) T4 T2(2) 929 102(+3)  10/14  10/16(+2)
Bistorta manshuriensis 5123 6/12(+20) 7/4 7/2(-2) - - 8/17 8/13(-4) 917  8/13(-35)
Phlomis umbrosa 62 529(<4) 720 8/7(+18) 8/17  9/A+S)  9/29 102(+3) 1014 10/2(-12)
Geranium eriostemon 62 529(-4) 6/18 T72(+14) 74 T722(+18)  8&/17 8/7(-10) 917 10/2(+15)

Aruncus dioicus var. 62 529-4) 618 612-6) T4  T2(2) 817 702(26) 917 9/18(+1)

kamtschaticus

Schisandra chinensis 6/2  5/29(-4) 6/18  6/12(-6) - 72 9/29 10/2(+3) 10/14  10/16(+2)
Smilacina japonica 523 5729(+6) 6/2 6/12(+10) 6/18 T/2(+14)  9/29 9/18(-11) 10/14  9/18(-26)
Sorbus commixta 6/2  529(-4) 62 6/12(+10) 6/18  7/2(+14)  9/29 10/2(+3) 10/14  10/16(+2)
g;ﬁj:;;fm“””wlam var ; 500 74 - 720 ; 8/17 102(+46) 917 10/16(+29)
Bupleurum longeradiatum - 5/15 7/20  8/7(+18) &/17 9/A(+18)  9/29 10/2(+3) 10/14  10/2(-12)
Pedicularis resupinata - 5/29 720 8/13(+24) 9/17  9/18(-1) 9/29 10/2(+3) 10/14  10/2(-12)
Acer ukurunduense - 5/29 6/18  6/12(-6) 7/4  7/2(-2) 917 10/2(+15) 10/14  10/16(+2)
Synurus deltoides 7/4 7/2(-2) 720 /13(+24) &/17 9/4(+18)  9/17 10/2(+15) 10/14  10/16(+2)
Scrophularia koraiensis 7/4 7/2(-2) 7/4  8/7(+34) 7120  9/4(+46) 917 10/2(+15) 9/29  10/16(+17)
Saussurea neoserrata - 72 817  9/4(+18) 9/17 9/18(+1) 9/29 10/16(+17)  10/14  10/16(+2)

*year, "X/Y : X-month Y-day.
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