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ABSTRACT

Seed zones were constructed using temperature and precipitation data for the Korean Peninsula and
were described as 65 zones. Seed zones for South Korea were reclassified, and they were classified
into 34 districts. This study was conducted to define the spread of 5 native seed species (Pinus densi-
flora, Quercus acutissima, Quercus variabilis, Acer pictum, Carpinus tschonoskii) by linking the seed
zones with MaxEnt. The emergence point of native seeds was acquired through the 1:5,000 Forest Type
Map and the 4th national natural environment survey data. Based on the MaxEnt result, regions with
a habitat probability of 0.5 or more were extracted and overlapped with seed zones to identify the
native seed habitat. After analyzing the climate regions with high habitat density, regions with high
habitat density of native seeds for each administrative district were identified. In the case of Pinus

densiflora, Quercus acutissima, and Quercus variabilis, the Winter minimum temperature(WMT)
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-9.4~-6.6 C, Annual Heat:Moisture(AH:M) 19~24 C/m was 37%, 43%, and 34%, respectively. occupied
the largest area. In Acer pictum, WMT -6.6~-3.8°C and AH:M 16~19C/m accounted for 42% of the
area, and Carpinus tschonoskii had WMT -3.8~-1.11C, AH:M <16 C/m Districts accounted for the larg-

est area at 33%. The regions with high density of Pinus densiflora, Quercus acutissima, and Quercus

variabilis by administrative district were distributed in high density in Seoul, Southern Gyeonggi-do,

Chungcheong-do, and Gyeongsangbuk-do. Acer pictum was distributed in high density in Jeolla-do and

Gyeongsang-do, and Carpinus tschonoskii in Jeju, Jeollanam-do and Gyeongsangnam-do. Through this

study, seed zones for each of the 5 native seeds were established, and it is expected to provide basic

data for the management of native seeds.

Key Words : Provisional seed zone, Maxent, Pinus densiflora, Quercus acutissima, Quercus variabilis,

Acer pictum, Carpinus tschonoskii
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Figure 1. Appearance point by species.

(a) Pinus densiflora (b) Quercus acutissima (¢) Quercus variabilis (d) Acer pictum (e) Carpinus tschonoskii
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Table 1. Environment variables entered into the model
Environmental .
variables Description Data type Data soure
Biol Annual Mean Temperature Continuous
Bio2 Mean Diurnal Range Continuous
Bio4 Temperature Seasonality Continuous
Climate Bio8 Mean Temperature of Wettest Quarter | Continuous WorldClim (2020)
Biol2 Annual Precipitation Continuous
Biol5 Precipitation Seasonality Continuous
Biol8 Precipitation of Warmest Quarter Continuous
Elevation DEM Continuous Mini ¢ Envi
. Slope Slope Continu.ous ImSt;(yorZa (;1(\)/;(()))nment,
Terrain Aspect Aspect Categorical
Drainage Soil drainage grade Categorical Forest Service, Korea
Topography Forest Soil Map Categorical (2020)
g MAA7E A9l dXE S5 Lee gom Wgl 2 BA L ArcGIS 10.7(ESRI Inc.,
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Figure 2. Spatial distributions of environmental variables
(a) DEM (b) Aspect (c) Topography (d)

applied species distribution models.

Slope (e) Drainage

(f) Biol(For the other 6 variables, refer to the appendixl)
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Figure 3. Model impact of individual environmental variables.

(a) Acer pictum (b) Carpinus tschonoskii
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Figure 4. Species appearance density.
(a) Pinus densiflora (b) Quercus acutissima (c) Quercus variabilis (d) Acer pictum (e) Carpinus tschonoskil
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Table 2. Pinus densiflora’s Appearance point

No. (WMT *_Soéid /:I?Irlij)[i *C m) ratio(%) Distribution region
1 -9.4~-6.6, 19~21 23.46 southern Gyeonggi-do, sejong-si, Daejeon
2 -9.4~-6.6, 21~24 14.81 Yesan-gun, Dangjin-si, Seosan-si, Chungcheongnam-do
3 6.6-38, 21-24 1334 Chungcheongnam-do - Jeollabuk-do - Jeollanam-do West
coast
4 6.6-38, 19-21 1138 Jinju-si, Gyeongsangnam-do, Hwasun-gun, Jeollanam-do,
Gangwon-do East coast
5 122~94, 19-21 10.28 Hongcheon-gun, Chunchg)),rt;sril,g g(}:crllfwon—do, Gapyeong-gun,
6 -12.2~-94, 16~19 9.59  |Gangwon-do inland Gapyeong-gun, Pocheon-si, Gyeonggi-do
7 -6.6~-3.8, 24~27 3.63 Daegu, Pohang-si, Gyeongsangbuk-do
8 -9.4~-6.6, 16~19 2.88 Muju-gun, Jangsu-gun, Jeollabuk-do
9 -9.4~-6.6, 24~27 2.10 Gunwi-gun, Uiseong-gun, Gumi-si, Gyeongsangbuk-do
10 -3.8~-1.1, 21~24 1.80 Busan, Yeongam-gun, Jeollanam-do

*WMT : Winter Minimum Temperature, **AHM : Annual Heat Moisture

o7 288%2 A G Yo APgEE T
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Table 3. Quercus acutissima’s Appearance point
Seed zones . P .
No. (WMT*-C, AHM**-C /m) ratio(%) Distribution region
1 -9.4~-6.6, 19~21 36.70 southern Gyeonggi-do, sejong-si, Daejeon
2 -9.4~-6.6, 21~24 16.24 Yesan-gun, Dangjin-si, Seosan-si, Chungcheongnam-do
3 6.6~38, 21-24 0.84 Chungcheongnam-do - Jeollabuk-do - Jeollanam-do West
coast
4 6.6--38, 19-21 6.5 Hongcheon-gun, Chuncheon-si, ngwon—do, Gapyeong-gun,
Gyeonggi-do
-12.2~-94, 19~21 5.22  |Pohang-si, Gyeongju-si, Yeongcheon-si, Gyeongsangbuk-do
-6.6~-3.8, 24~27 2.63 Andong-si, Yecheon-gun, Yeongju-si, Gyeongsangbuk-do
-9.4~-6.6, 24~27 1.858 | Gangneung-si, Gangwon-do Busan, Yeosu-si, Jeollanam-do
g 3811, 19-21 1852 Goesan-gun, Chungcheongbuk-do, Mungyeong-si,
Gyeongsangbuk-do, Jeongseon-gun, Gangwon-do
9 9.4~66, 16-19 L2 Ulleung-gun, Gyeongsangbuk-do, Hadong-gun,
Gyeongsangnam-do
10 -6.6~-3.8, 16~19 0.88 Yeongam-gun, Haenam-gun, Jeollanam-do, Ulsan
*WMT : Winter Minimum Temperature, **AHM : Annual Heat Moisture
Table 4. Quercus variabilis's Appearance point
Seed zones . N .
No. (WMT*C, AHM**-C m) ratio(%) Distribution region
1 -9.4~-6.6, 19~21 22.28 Seoul, Gyeonggi-do, Chungcheong-do
) 0.4~66, 2124 12.66 Yecheon-gun, Cheongsong-gun, Gyeongsangbuk-do,
Cheongyang-gun, Chungcheongnam-do
3 -12.2~-94, 19~21 8.14 Gyeonggi-do inland
4 -12.2~9.4, 16~19 5.86 Gangwon-do inland
5 -6.6~-3.8, 21~24 5.66 Jeolla-do West coast, Gyeongsangnam-do inland
6 -6.6~-3.8, 19~21 4.46 Gangwon-do East coast, Southern Jeollanam-do
7 -9.4~-6.6, 16~19 3.30 Jangsu-gun, Jeollabuk-do, Gurye-gun, Jeollanam-do
8 -6.6~-3.8, 24~27 275 Daegu, Yeongcheon-si, Gyeongju-si, Gyeongsangbuk-do
9 -9.4~-6.6, 24~27 1.51 Gumi-si, Andong-si, Gyeongsangbuk-do
10 3811, 2124 0.98 Ulleung-gun, Gyeongsangbuk-do, Haenam-gun,
Jeollanam-do, Busan

*WMT : Winter Minimum Temperature, **AHM : Annual Heat Moisture

jm @] 2228% = 7P =L HES AA )
Atk o] A Holle A5, 7%, 53
A7t TEUS e rme AE HA
< 9.4~-6.6T, AZAF 21~24C/m Ao 2

221816 o] dddll= A& oA

ki

N,

12.66% 5
ST, 2 AST vt 28¢EA 3
A AL -122~94TC, AZAF

19~21C/m Ao 2 8.14% 2 A8l on 74
1% W5 A9 Aozt A0 4= A
&3 HAA7) L -12.2~94C, AZAF 16~19T
/m AHO 2 586% Hl&S AA|staL 9o 7
A= USE doirt Bx2sta ok 5e9E AL
A A7]2-6.6~-38C, AXAF 21~24T/m A
AdOoZ 5.66% Hl&= AA|etaL glom HeEtw
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Table 5. Acer pictun’s Appearance point

No. (WMT *_Soge’d /:I?Irlij)[i 5°C fm) ratio(%) Distribution region
1 -6.6~-3.8, 16~19 4294 | Gokseong-gun, Jeollanam-do, Jinju-si, Gyeongsangnam-do
2 -9.4~-6.6, 16~19 22.92 Jangsu-gun, Geochang-gun, Jeollabuk-do
-9.4~-6.6, 19~21 15.88 Muju-gun, Jeollabuk-do, Daejeon
4 6.6--3.8, 1619 1255 Boseong-gun, Jeollanam-do, Goseong-gun,
Gyeongsangnam-do, South coast
5 -12.2~-94, 16~19 2.70 Jangheung-gun, Goheung-gun, Yeosu-si, Jeollanam-do
6 9.4-66, <16 0.90 Gwangju, Naju-si, Jeollanam-do, Miryang-si,
Gyeongsangnam-do
7 -12.2~94, <16 0.78 Haenam-gun, Yeongam-gun, Jeollanam-do
-3.8~-1.1, 19~21 0.64 Jindo-gun, Jeollanam-do, Busan
9 6.6~3.8, 2124 0.40 Yeongdong-gun, Chungch.eongbuk—do, Gyeongsangbuk-do
inland
10 -3.8~-1.1, 21~24 0.21 Jeju

*WMT : Winter Minimum Temperature, **AHM : Annual Heat Moisture

Ak, A WS Aozt 23Uk 659 =
ALHE HA7|L -6.6~-38T, AZASF 19~21TC
/m Aol 446% FEH &S HEon FdT
ok, Aebd A doirt 2R sk
1E8E ASE HA7L 94~-6.6T, AZAF
16~19C/m B0l 3.30% 5 A stH o, A5
A, Ad el ddizh YA 89
E ALE HAYLE 6.6~-3.8C, AZAF 24~
27Cm A9 22 275%S At 9o, o
TR, BE A, AFA A7t 28
o o=dle AeE HAE 94~-66TC, A%
A7 24~27C/m BYOZ 1.51% E¥HES 2
Fom AE FuA|, beAl Azt 2 A
R o 2 1059 e ALE HAL -3.8~-1
1C, AZAF 21~24T/m AY O 098% = |}
Bon AAEE &5, At did, ¥
ARE Al ddi7F E 3 ATH(Table 4).
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Table 6. Carpinus tschonoski’'s Appearance point

No. (WMT *_Soéid /:I?Irlij)[i 5°C fm) ratio(%) Distribution region

1 -3.8~-1.1, <16 33.34 Jeju

2 -6.6~-3.8, 16~19 20.75 Jeollanam-do, Gyeongsangnam-do South coast

3 -6.6~-3.8, 19~21 19.94 Jeollanam-do, Gyeongsangnam-do South coast

4 -6.6~-3.8, < 16 7.14 alpine of Jeju

5 -1.1~-1.6, <16 6.61 Jeju inland

6 -9.4~-6.6, 16~19 321 Jeolla-do inland, Gangwon-do East coast

7 6.6--3.8, 2124 311 Chungcheongnam-do - Jeollanam-do West coast,
Gangwon-do

-3.8~-1.1, 16~19 245 South coast

9 -3.8~-1.1, 19~21 1.83 South coast

10 9.4~66, <16 074 Namwon-si, Jeollabuk-do, Gu.rye—gun, Jeollanam-do, South
coast inland

*WMT : Winter Minimum Temperature, **AHM : Annual Heat Moisture

A4 19~21C/m YR 0.64%2 FEH &S
Bolom g A=, FAgdA Aozt 23
Hoark oedle AEE HA7|L -6.6~-3.87C,
AZA4 21~24T/m BY L2 040% S A3}
3 lem T G, AE WS A9 4t
FHU} nAHo R 109 e ALE FA
7] 3.8~-1.17TC, AXA|4 21~24C/m BHo2
021%5 Yepd™ AlFe ddi7t 23E A0
(Table 5).

A AYE MaxEnt A3} 24 Fafo| 5+
Ao T4 A% ALE HAA7] 38~1.1TC %
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g7t X8kt ez AeE HA
-6.6~-38C, AZAF 16~19C/m B Z 20.75%
& 2o A, 7y delieh ddivt 23
Ak 389 ALH FHA7E 66--38C, XA
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4 <16C/m AYo & 0.74%S Jehin A%
HA, A T, dalle iE A1 ddivt
Z3E A TH(Table 6).

fr

3. &
2aZaE oz A4 528 Ykl
474 54E s, 2R, Pty



70 249 - 13

Ao

ofy

47 - A48

A7 19~21C/m AGA] =& K& Hole
Aoz Yepyth n2dure ALE A7)
2 -6.6~-3.8TC, AZXAF 16~19T/m HHol|A,
MAAYF = ALE A7 -3.8~-1.1T, A
ZAF <16T/m AGA & A8S Bk

d3A| A 3470 7% A F ASH HAA7|=
9.4~-6.6C, AZAF 19~21T/m Vo] 20% =
W &S A g dekA oA HE
o] =& 7|% A9 AvF, Ayt
, AT A4 H[Eo] TP we A9 i

IH] &
3.

]

2o fe

2 7K1 e Aoz ddHTh

2

BV
o

WE A B2 A

o=z AEA AMuls Ag 1A

H]

(e

7}

Jz

oy e

< Jo A

AN

EAg ek, v, Aeevr, 23hel
gk MaxEnt 4 Aol @A =EHo]
MaxEnt 45 283512 Zali7]dl & A7 2
& dukslsto] Agat=t] oz gol it A
)Tl waw, AV (Pinus dansiflora) =8
ARE TR 7:302 v 22 Training
I Testo]l AHESEa, 103] RHESE )
Training ROC2] AUC %o 0.792 -3 o =

g5 YelitCho e al, 2020). T3, Sun e
al(2020)2 “Fel U5 (Quercus acutissima) %
A E 75%E Training set® 25%E Test setZ
o] 58] wHEgE A2} 25% Test set AUC #tol
073002 E& Fe4dS et oo wel,
B AFdAM = T4 velHE &8sk @i B

Aol 2R,
MaxEnt £4& %
s

o

[¢]

287} glek tobt %
A ] R 2
Rolol) w2 A 5% A
£ lE R,

o) o
A% Aol

M 2
4

e uE Ay
_V\_I‘
il
rir
o
2
£

o H o4 o

ot

fd
%)
_0|L
N
do
:Oé
o
o

NEE 49 A
2] (genetic dis-
A9 54

[e]

W AAT 7 &

AL A A2 A
HMaghuly ef al, 2005). ©]
of Yehd A2 7k A9

3

=

=2

°

At €9 U iE A 44 F
AHee] §44 §ADA sheto] A

>

30 i o oft o

I

Z Z0
To oA

A71ska glet A

a AL A4

[e]

X3}

J
4



AAFACNEFAT FRERYS o

&8 A A ZX WS AT 71

THAME AR FF 4t b S AFetn
JE A =g o|y3 5 FHeA] &
oh A A28 9 713 S-S EAs] ¢
e I SAS IE e FIA g
ez o= Aol APttt wdHrh
MaxEnts 2435l TEEIRY S 243 A7,
7 2 5 =29 127K/ 3NS5
71 2A4 7 (Biod), Bt At AT (Biol2), X

NF AG $E QA

re) T
A5 AE A7z <ozt gk of

S
o =
2 R 2L oo
o> 4418 ok pe

.?_

o

o

=
Edz 2ol BE A4 Fa) et 447
2 PkS £5E 5 90w, o F /1F AY
o AAG Bl AT FYE ALD F Uk B
A7 A3k FA4 Fd L el 2 @
AZ AT glel Ade Awseten @S
3 glont, B AT} f48 A BA 9
Fol drEhE H2 A

References

Bower, AD - J Bradley - St Clair and V Erickson.
2014. Generalized provisional seed zones for
native plants. Ecological Applications. 24(5):
913 -919.

Cho, NH - ES Kim - BR Lee - JH Lim and SK
Kang. 2020. Predicting the

Distribution

Potential
of Pinus densiflora and
Analyzing the
Variable Using MaxEnt

Relationship with
Environmental
Model. Korean Journal of Agricultural and
Forest Meteorology. 22(2): 47-56. (in Korea
with English summary)

Choi, YY * CH Lim - JE Ryu * D Piao - JY Kang
W Zhu - G Cui - WK Lee and SW Jeon.
2017.  Bioclimatic

Characterization in South Korea. Journal of

Classification and

the Korean Society of Environmental
Restoration Technology. 20(3): 1-18. (in
Korea with English summary)

Chun, YM -HJ Lee and I Hayashi. 2007.
Syntaxonomy and Syngeography of Korean
Red Pine (Pinus densiflora) Forests in Korea.
Korean Journal of Environment and Ecolog.
21(3): 257-2717. (in Korea with English sum-
mary)

Doherty, KD - BJ Butterfield and TE Wood. 2017.
Matching seed to site by climate similarity:
Techniques to prioritize plant materials devel-
opment and use in restoration. Ecological
Applications. 27(3): 1010 - 1023.

Eom, BC. 2019. Climatically potential natural veg-
etation and phytoclimatic map of Korea. Ph.D
dissertation, Keimyung University. (in Korea)

Kim, CY - WM Kim - WK Song and JY Choi.
2021. A Study on the Domestic Appllication
of the Concept of Seed Transfer Zone in the

U.S. Journal of the Korean Society of

Environmental ~Restoration Technology.
24(2): 39-56. (in Korea with English sum-
mary)

Kim, JY -+ CW Seo - HS Kwon * JE Ryu and MJ
Kim. 2012. A Study on the Species
Distribution

Modeling using National

Ecosystem Survey Data. Journal of
Environmental Impact Assessment. 21(4):
593-607. (in Korea with English summary)

Kim, WM - WK Song - SY Kim - EJ] Hyung and
SH Lee. 2017. Habitat Analysis Study of
Honeybees(Apis mellifera) in Urban Area

Distribution

Using Species Modeling-



7 249 - 13

Ao

ofy

47 - 4

A8

Focused on Cheonan -. Journal of the Korean

Society of Environmental Restoration
Technology. 20(3): 55-64. (in Korea with
English summary)

Kim, YH and JW Kim. 2017. Distributional
Uniqueness of Deciduous Oaks(Quercus L.)
in the Korean Peninsula. The Korea Society
of Environmental Restoration Technology.
20(2): 37-59. (in Korea with English sum-
mary)

Lee, MK - JH Chun and CB Lee. 2021. Prediction
of Distribution Changes of Carpinus laxiflora
and C tschonoskii Based on Climate Change
Scenarios Using MaxEnt Model. Korean
Journal  of
Meteorology. 23(1): 55-67. (in Korea with
English summary)

Lee, YH - CS Na - SH Hong - SI Sohn * CS Kim
+1Y Lee and YS Oh. 2018. Predicting the

Potential Habitat and Risk Assessment of

Agricultural and  Forest

Amaranthus patulus using MaxEnt. Korean
Journal of Environmental Biology. 36(4):
672-679. (in Korea with English summary)

Lim, JC. 2012. A Phytosociological Study of the
Maeul-Soop in Korea. Ph.D dissertation,
Keimyung University. (in Korea)

Ma, B and J Sun. 2018. Predicting the distribution
of Stipa purpurea across the Tibetan Plateau
via the MaxEnt model. BMC Ecology. 18:
10.

Maghuly, F :EB Fernandez - S Ruthner *+ A
Pedryc and M Laimer. 2005. Microsatellite
variability in apricots (Prunus armeniaca
L.) reflects their geographic origin and breed-
ing history. Tree Genetics & Genomes.
1: 151-165.

Massatti, R - RK Shriver - DE Winkler - BA

Richardson and JB Bradford. 2020.

Assessment of population genetics and cli-
matic variability can refine climate-informed
seed transfer guidelines. The Journal of the
Society for Ecological Restoration. 28(3):
485-493.

Nam, SJ and NC Kim. 1998. A Study on the Seeding
of Zoysia japonica and Woody Plants for the
Revegetation of Rock-exposed-slopes by
Natural Topsoil Restoration Methods. J.
Korean Env. Res. & Reveg. Tech. 1(1):
141-150.

IM.  1987. of the

Conterminous United States, Annals of the

Omernik, Ecoregions
Association of American Geographers. 77(1):
118-125.

Padalia, H - V Srivastava and SPS Kushwaha.
2014. Modeling potential invasion range of
alien invasive species, Hyptis suaveolens (L.)
Poit. in India: Comparison of MaxEnt and
GARP. Ecological Informatics. 22: 36-43.

Phillips, SJ and M Dudik. 2008. Modeling of spe-
cies distributions with Maxent: new ex-
tensions and acomprehensive evaluation.
Ecography. 31: 161-175.

Sun, S Y Zhang - D Huang - H Wang - Q Cao -
P Fan - N Yang - P Zheng and R Wang, 2020.
The effect of climate change on the richness
distribution pattern of oaks(Quercus L.) in
China. Science of The Total Environment.
20: 140786.

Smith, A - B Page * K Duffy and R Slotow. 2012.
Using Maximum Entropy modeling to predict
the potential distributions of large trees for
conservation planning. Ecosphere. 3(6): 56.

Song, JS. 2008. A Synecological Study of the
Riverside Vegetation of the Upper Stream of
Nakdong River, Korea - I. Forest and Shrub

Vegetation -. Kor. J. Env. Eco. 22(4):



AREACN 57T FRERYL ol 63 A4 $A BE W9 AT

443-452. (in Korean with English summary)

Song, WK. 2015. Habitat Analysis of Hyla suweo-
nensis in the Breeding Season Using Species
Distribution Modeling. Journal of the Korean
Society of Environmental Restoration
Technology. 18(1): 71-82. (in Korean with
English summary)

Sung, CY - HT Shin + SH Choi and HS Song.
2018. Predicting Potential Habitat for
Hanabusaya Asiatica in the North and South
Korean Border Region Using MaxEnt.
Korean journal of environment and ecology.
32(5): 469-477. (in Korea with English sum-

mary)



74 WA - AR - 397 - AAE

- .
. .
; T “* BIO2.tif i Bt BIOA.tif
& > Value é Vlue
Mg 118702 R gn : 105763
N S 8
#re .umz _NX . Fios -|_rw'.- .S\
. o . —— — 1 - i I P— - T— 1)
02550 10010 200 G B0 B o 200
(c) (d)
- -
A . 1 "
‘f”
. e
]
5 L BN ¢ BIOB if ; BIO12.tif
Value jalue
Wi : 251167 High 2204 84
Low:D e Low: 725
N §
S W— R W— T
0 2550 100 150 200 02550 100 150 200
(e) ()
- -
- L
. BIOY5.4if n BIOIB.AH
Value Value
High 103,769 Vign : 987
. Sia 0 Low: 258045 ] . i $i e Low:: 250
- e —— — e ———
02 5 100 150 200 035 50 100 150 200

Appendix 1. The remaining 6 bioclimatic variables
(a) Bio2 (b) Bio4 (c) Bio8 (d) Biol2 (e) Biol5 (f) Biol8



