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Ecological Characteristics of Fraxinus chiisanensis Nakai, an Endemic Plant of Korea"
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ABSTRACT

This study investigated the ecological characteristics of Fraxinus chiisanensis Nakai, one of the endemic and
rare plant species in Korea, based on its distribution status, characteristics of the growth environment, and
species composition. A vegetation survey that analyzed the correlation between species distribution patterns
and environmental variables, along with the traits of the emergent plant species, was performed according to
the explanation of environmental growth conditions and phytosociological method for the location where F.
chiisanensis is found. A total of 19 dominant locations and 9 non-dominant locations of F. chiisanensis were
observed in 28 study sites in 12 regions, and a total of 155 taxa were observed. According to the vegetation
climate of Korea, the growth environment of the study site where F. chiisanensis is located is characterized as
cold and is primarily situated within the northern temperate deciduous broadleaf forest zone. The average
elevation was 859m above sea level, with an average rock exposure of 60.4%, soil exposure of 24.7%, and an
average slope of 18.7 ° The taxa belonging to the top P-NCD(Percentage of Net Contribution Degree) among
the emergent species were mostly designated as the taxa emerging in valley vegetation. The correlation analysis
of environmental variables revealed that altitude had the strongest correlation, with rock exposure showing the
second highest correlation. The ongoing dynamics of the F. chiisanensis forest are anticipated to persist due to
the high P-NCD values exhibited by the F. chiisanensis within the shrub and herbaceous layers among the taxa
associated with tree species. Most F. chiisanensis habitats are currently situated within protected regions such
as national parks, provincial parks, and county parks, where there are relatively minimal human-induced
disturbances. However, there is potential for damage in areas not designated as protected, such as forest tending
operation sites or new hiking trails. Concerns about declining habitat quality have prompted suggestions for
management strategies such as establishing Forest Genetic Resource Reserves in these locations. In addition,
follow-up and further research should be conducted to identify possible sites for distribution and establish
candidate conservation areas based on various environmental conditions of F. chiisanensis.

KEY WORDS: PHYTOSOCIOLOGICAL METHOD, VALLEY VEGETATION, PLANT TRAITS,
SUCCESSION, PROTECTED AREA

ME o A5 ASA A 2 T weto] npHEofof S Zlojok
ol BRI 718 EEY YUY (Fraxinus chiisanensis
EAME2 BT Ao BExst= AERE 1 Hele= Nakai)= U] Z|2|AS A0 dlo] AAgEE =3

dutd oz x7HA ®Q] S ov|gth(Anderson, 1994; 5, AepdRro] 27} ‘?—-_347*‘1 Qlom, sfjefof|A Fa

Harold and Mooi, 1994). ©]23t EARXES] F E52 34 ka1 ol APt FaE EARA]Eo|th(Global
19523 Nakai7} 22 1,118EF2 A|AI5HH 2= (Nakai, Biodiversity Information Facility, 2024; Korea National
1952), o|& B2 427} thokslA HEs] $rhLee, 1984; Arboretum, 2024c). TUCN FMEES ) 7|02
Kim, 2004; Chung et al., 2017). _14 A9l EARRERZ S VU(Vulnerable) HER, |74 4250fA4+= EN(Endangered)
YL A 653} 1814 38022 A|A|5FL ¢ltHKorea HEE FH7lE]o] ¢JtiKorea National Arboretum, 2021;

Natlonal Arboretum 2024a). = -«*P/\1% = JUCN ¢¢& International Union for Conservation of Nature, 2024).

Fo]| &31= 3] AlE(Korea National Arboretum, 2021) | B9V F-E(Fraxinus Tourn. ex L) S5V,
o 2 REEFOZ = 72| HI| IR el B EWUSHF. mandshurica Rupr.), EFHUSF. riynchophyila
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Figure 1. Distribution of F. chiisanensis in Korea.

Table 1. Geographical location, climate and geological features of the F. chiisanensis

Location . Climate Conditions Geological
Temperature(°C)  Precipitation(mnn) Feature
Mt. Jiri Jeonnam Gurye-gun, 1,2,3,4,25,26 8.1 1,876.4 Gneliss
Jeonbuk Namwon-si
Mt. Deogyu Jeonbuk Muju-gun 5,6,7,8,9,10 9.8 1,414.5 Gneiss
Mt. Minjuji Chungbuk Yeongdong-gun 11,12,13,14,15,16 9.8 1,414.5 Gneiss
Mt. Gaya Gyeongbuk Seongju-gun 17 9.5 1,453.2 Granite
Mt. Gibaek Gyeongnam Hamyang-gun 18 11.8 1,398.3 Granite
Mt. Hwangak Gyeongbuk Gimcheon-si 19 11.9 1,185.4 Gneiss
Mt. Naejang Jeonbuk Jeongeup-si 20 12.5 1,502.5 Rhyolite
Mt. Baekun Jeonnam Gwangyang-si 21,22 11.7 2,084.0 Gneiss
Mt. Bohyun Gyeongbuk Yeongcheon-si 23 12.3 988.4 Shale
Mt. Jangan Jeonbuk Jangsu-gun 24 11.0 1,482.1 Granite
Mt. Cheonseong  Gyeongnam Yangsan-si 27 14.1 1,401.3 Porphyry
Mt. Cheonhwang Gyeongnam Miryang-si 28 13.3 1,223.4 Andesite
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(Figure 1, Table 1). X[ Z|2|4k, G4k RISFAJ4L ot
A, M Are Wik Zobsk Z1AL Hokke: sk, v
AL, O Lok AAARS. HIOF ABIALS. ofAlol HEHARS
Az o]Fo]A 9l thKorea Institute of Geoscience and
Mineral Resources, 2024). 7|$+= A} X|99] ol HAS
aLesto] 2003 5E 20223744 F 20 7H9) 7]%%‘—4
g7 A TZ(AWS; Automatic Weather System) A =25
oj-gste] B7| W FHHFrEE EIsHSIrHKorea
Meteorological Administration, 2024). 2 A% H7|2
11.3C, Ho7 458 1,452.00mz Vel th(Table 1). 7]
WA 7545 e 38 AR ol Hold el
SIARE, FEUILETE SR A7E Bt S 600m ol4
ol HollA T E(adiabatic lapse rate)S ilzjstcidH
(Brunt, 1933), AA] 7122 ¢F 10C o]ty 702 et
ATHKim et al., 2014b).

I S BRI S YAS os 4

SHg ZAPE o] ol FlaL, AR, s, AFATE,
AANE, dA-EE, ESET, 3t A A7) 3 (vegetation
climate) 52 7|E3I9t) k= AA7]$ = Yim3} Kira7}
19751;101] xwds} A 7|55 Ao AHZ JPAIB AR
£ 283513t Cho et al, 2020). MU S8 A9
ofat A8 ZAR B2 HE0] Eoloh A7 EA4S 17
slo] A, AYPe] 2ATE AAste] ATz ureh
S(AEZ(TI), oFLEZHT2), BES(S), 2EFH)2=
-:%—a}o% Sl ZH ARt = W ohy

=7} E A EE-E(Korea National Arboretum, 2024b)
sk 9 (covene] 714 24 HAS 93wk
510 % = (combined cover degree) 9AF2 AT
(Braun-Blanquet, 1932; Westhoff and van der Maarel,
1978; Kim and Lee, 2006). EEmU 23 ¢]7] 4:H1E£0]
AAEE 24T ), FAGIE) FE P wslng o)
Fom, o]F ¢J3) 7]9J=(NCD; Net Contribution Degree)
2} ¥ B8-7] & = (P-NCD; Percentage of Net Contribution

N

ofil o FlO

Table 2. Ecological traits used for floristic analysis

Degree)E -8FT}. 3412 ofefjet ZTh(Kim and Manyko,
1994; Kim, 2006; Eom, 2011).

xC o
Xi

N N

- 222G iFY VY

SN AR ARRAT 5
Cn o igo] B AT 4

NCD, =

7,

P—NCD(%) = ~op <100

C‘Dtomf
- NCDya : TJ2IG0A] S¥8E BE A1EF9] 7|oe 3
WEF] HA N Hol= $HES Ve 5

o] Y 1 o9 Q% sk 24
7t BRG vtk 47 S0 F M w2 0EE V|EeR
P-NCD 7+& AF&3h9ch X*H““ AT AP =
A Afolo] A AES B3] 28] CANOCO 4.55 o]%-
3} CCA(Canonical Correspondence Analysis)% =35}
A tKTer Braak and Smilauer, 2002). Y37 = AW
kS WE A T (nominal scale)o]| 2 &, CCA 4;‘:4:75@‘?394
Jezgroa ARg3sly] 98] E3FA(northness)¥t S3F4
(eastness) O & 5712 E(interval scale)2 WHFs}glom, F
28 oS3} ZtR(Verwijst 1988).

A Xr
Northness = cos( 180 ),
oA xr
Euastness = sin ( 180 )
S A EAE B9
w5 xg%‘ 2l sjole) ARAAS ) 1o
SPSS 17.0& © EEYUE &

}19tHSPSS Inc, 2008).
L X EAO] e EAS #9351
P FAGE TPy 59 27

A YA A =5t El
lsto] dhE(family) &

Category

Subcategory

Source reference

Life-form

MM(megaphanerophytes), M(microphanerophytes),

Raunkiaer (1937), Lee (1996)

N(nanophanerophytes), H(hemicryptophytes), G(geophytes),
Ch(chamaephytes), Th(therophytes), HH(hydrophytes), E(epiphytes)

Growth form

Invasion strategy infiltration, phalanx, guerilla

tree, shrub, herb, graminoid, climber, epiphyte

Mucina et al. (2006)

Doust (1981),
Wilson and Lee (1989)
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Table 3. Environment table of F. chiisanensis plots

Plot no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Investigation date 2023.07.26 2023.07.26 2023.07.26 2015.10.14 2016.09.27 2016.09.27 2016.09.27 2016.09.28 2016.09.28 2016.09.28 2016.07.20 2016.07.20 2016.07.02 2016.07.20
Area (m) 20x20 20x15 20%20 20%20 20x20 20x20 20%20 20%20 20%20 20%20 20%20 20x20 20x20 20%20
Altitude (m) 1,301 1,218 1,136 990 918 923 919 848 836 810 788 772 762 750
Aspect (°) N(350) NE(42) NW(302) E(100) NE(50) NE(50) NE(52) E(69) NW(335) NW(310) NE(@45) NE@41) NE(55) E(73)
Slope (°) 19 5 25 40 17 28 23 10 20 21 10 18 21 30
Rock exposure (%) 80 85 60 80 65 80 85 30 50 80 60 65 40 75
Soil exposure (%) 20 15 30 0 10 5 5 20 15 3 25 20 60 4.5
Geological feature Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss Gneiss

Plot no. 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Investigation date 2016.07.20 2016.07.20 2016.07.12 2016.07.14 2016.07.20 2016.08.26 2016.08.24 2016.08.24 2016.08.03 2016.07.14 2023.07.26 2023.07.26 2016.08.23 2016.07.11
Area (m) 20x20 20x20 20%20 15%15 20%20 15x15 20x20 20%20 20%20 15%15 20%20 25%x15 1515 20%20
Altitude (m) 758 743 946 654 664 316 815 813 1,023 936 1,182 1,160 471 596
Aspect (°) NE(60) W(260)  E(90) NE(30) E(80) NEB30) N(15) NE(30) W(280) N(10) NE@45) NE(65) N(355) NW(325)
Slope (°) 11 9 8 50 12 10 10 15 30 12 32 7 25 5
Rock exposure (%) 70 60 30 60 70 50 40 50 65 10 40 40 80 90
Soil exposure (%) 30 30 60 30 25 0 30 10 20 90 60 60 10 5

Geological feature Gneiss Gneiss  Granite  Granite  Gneiss Rhyolite  Gneiss Gneiss Shale Granite  Gneiss Gneiss  Porphyry Andesite

2 T 4% PUplant taits) RS SHSAT 4 T spgero SelErTable 1), B A FE i
2 902 7 4EF /AT Yk DT RAA BHO o 2ATON SYRE HABAFAY R Blslo] of
2 $Rae) GRoRRE TR PO et & 4 TRT 71T SN BACH, BAMEAT 27)3 2
slom, pEriepye] Bz 44U BRACl Bl ANEAT 28] Lo 4R GBS SR

293t 7|24 RE AlFE 4= UthFeoli ef al., 1980; Solbrig,
1994; Diaz et al., 1998; Grapow and Blasi, 1998; Violle
et al., 2007). 2 Ao A= ey, AHSF, HAAZ S0
PAL B o] AR89t Table 2). = AFd Y &dlsh=
A=A Blwat] Sla) AR AIAATAEAL AR £
ofF HI1A Q] AJZALE 2 1,1827%9] A AIAY X} R o] A
766-L 7 FEStALH, o] T AuiAE 14EFTS Al
QI3 7528 7S O R FE vuEAS S3E
(Ministry of Environment, 2023).

1. 4=8E

rat

287 XWOM gy E@shlal o 7k
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= IARF(FRAME 20~28) 2.2 E]‘”E]-(Table 5). om 10m om
SE00 72 A2 B2 FHE NFALE REAR S it svteng o o e s el
sl 1 oldew xS Ao Addsslen 71E & e bevt gt O < bpegre sostomn
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- Figure 2. Cross-sectional distribution scheme of
= =R S k) 2O 3 ¥
(Min et al., 2001)' et RE e AdEe Ak F. chiisanensis (plot number 12).



Ly OJENE}
sefuie 2 AT AFHE SHCE S8 AT
74 Bzl ghelelglon], situEl Hit 859m + 217m
(316~1,301m)Z UEyithTable 3). Pzl FH
60.4% + 19.7%(30~90%) =2 4] w}H(boulder) O & 0] Fo]
© t(Figure 2), 32 PHeE=2 Q8| EY=Eee ¥
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BESuUt ©9e By s 881m + 173m, Fat
AARELE 19.8% £ 11.1%, B GH=SEE 64.5% +
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Table 4. Flora diversity of the top 15 ranked-families between the F. chiisanensis plots and Korea forest flora

F. chiisanensis plots %(Number of species)

Korea forest flora

%(Number of species)

Ranunculaceae 5.8(9)
Saxifragaceae 5.8(9)
Rosaceae 5.2(8)
Liliaceae 4.5(7)
Celastraceae 3.9(6)
Betulaceae 3.2(5)
Fabaceae 3.2(5)
Oleaceae 3.2(5)
Asteraceae 2.6(4)
Dryopteridaceae 2.6(4)
Poaceae 2.6(4)
Urticaceae 2.6(4)
Violaceae 2.6(4)
Aceraceae 1.9(3)
Araliaceae 1.9(3)

Other Family 48.4(75)

Asteraceae
Rosaceae
Liliaceae
Fabaceae
Poaceae
Ranunculaceae
Lamiaceae
Violaceae
Caprifoliaceae
Rubiaceae
Apiaceae
Betulaceae
Polygonaceae
Saxifragaceae
Dryopteridaceae
Other Family

9.0(69)
6.7(51)
6.4(49)
4.4(34)
4.1031)
3.4(26)
2.6(20)
2.6(20)
2.4(18)
2.4(18)
2.2(17)
2.0(15)
1.8(14)
1.8(14)
1.7(13)
46.5(356)

T(13~33 25

ANATE FHst=

BEL v
a10h gl go] meh
2HZ0] Pof )%
s ghe walr

=3(4.737),
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HHUH2.715)8] =22 UEytH(Table 5). ESHUF
A7 P-NCD+= E57UHH(18.068), 4h=(10.492),
GHFHH9.094), W5(7.922), A=A UF(6.424), FHHf
ZUH(6.046), =RTH(S.101), AAFILALE|(4.534), A7t
1H(3.527), BFFUH3.357) 2 Yehgon, 7S &
SO UbR(17.093), SEHEL(14.533), T8 4] LH(5.780),
AU (5.285), SHIUHH(4.294), AARILARE(4.211), A
OJUFR(3.303), AF4R(3.138), E2HT)(2.973), TH2(2.890)
=0 2 e TtTable 5). A 105854 & 78542 &
B9 9HY BT RSN, U, Y,
UEURE 2SR SHolA Hef £ PNCD %t
S, AR, SR, Hojrs uleuglelA Re =
S P-NCD S HEHrh

EEWUT 23 YAI9 P-NCD 49| 1057 7He-H|
SRV, AR, S B, LR, 33,
AR, SR 5o A% AN FE FEsHE
Rolu], 53| TR B, AL, B
Al2] 7|8k =& E HEdH= EFto|th(Lee, 2005;
Song, 2008; Kim ef al., 2014a). T3t X2 Ato| A EE5HY
Rt (Fraxinus chiisanensis community)2] #AZE AH¢
**Eﬂﬂ‘ﬂioﬂ ot RV, S, W, A
Y ERTES 2 O Al AR e Ut
(Gwon, 2014). AWA o 72 ESHURYL Aot T
B, U Sol £ FUSE AT 4R2 A
47 $H0R AR 57 U oho] FuUsH: HEURL
(Salix L) AEFo] 2831 = E4S HUthLee,
2005; Lee and Kim, 2006). E3t ES5uUE S42L H|S
Aol vlste] Hoh 585kl A ko] & YA 87
of Westo] A4 =& LAHIE E7|E ]l

EEE EE GA 287) 2ARL BSEEEA A0l
AHEAIE FE67] 18l CCA(Canonical Correspondence

Analysis)E 335}tk A1
ol WE ARG, AEE Do) 02382 Epeizo}
A2 w0 TE HPAS B th(Figure 3). =2k
e UGS BRI SR S Holn
Slow, oje} vz EERA} $ekA) o 2T
EOReBl £ O 0% et AR A9 25
U= 23FA](northness)2] g 3Fo] =3FA](eastness)k.
0 2 0z gelselnh AR 1 AT B
A3k BTl BEFrBrr) A
AtKTable 6). o] A2 RE S5 SHHS =2
SIS} P Lo EotiZE— Hol 9|2
BE 402 Ak A0R slE

o 387k0] 03652 ekl

o Soil_exp,
}\ N
)
2=
25
[e]
26
o
2le Alt.
S5 &
ol & \%\
olo o
ala ©
S 2
x|l= « o) o
8 8 2 ° 23
[am < 1 (] - 027
2
ey
2
=)
=l k<3
V o Rock_exp,
-
1
-1.0 Axis 1A= 0.365] 1.0
high Altitude low.

Figure 3. CCA ordination graph of F. chiisanensis forest
(fill circle: dominant plot; empty circle:
non-dominant plot).

Table 6. Environmental condition correlation analysis of the F. chiisanensis plot

Altitude Northness Eastness Inclination Rock exposure  Soil exposure
Altitude 1
Northness -0.1244 1
Eastness -0.0006 -0.0964 1
Inclination 0.0623 -0.0532 -0.0097 1
Rock exposure -0.0584 -0.0338 -0.1691 0.2253 1
Soil exposure 0.3108 -0.0144 0.1269 -0.1673 -0.7680** 1
**p > 0.01, *p > 0.05
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4, ME HE BN € =¥ A AR, tree?t shrub®] SH/dH]71 g
eI %% H& ¢h& 232, herb®} graminoid

MU &9 dR9 AEHES MMo| 28 7o L o nj8e 1 oithFigure 4b). WA HEES HYAA]
7 =2 ARE BYCeH, N, H, M 59 ¢+& H3o 2o SH%’S = phalanx, guerilla®] H]-&©°] $t= Al
U, g MO B2 H, G N 5 02 UERATE  yjslo] w) UhelgtKFigure 4c). ES0UR 28 olx=
(Figure 4a). SHUE £3 4R A9 P-NCD 2085+ ERyl xR0l ZAu|7} Zhz 54.8%, 45.2%2 LFERG BF
% 1TEFHESUYE, S84, 2y, A7 Sl W, S AL 7H7F 37.4%, 62.6% 2 ESH U &8 9
5239 *”i"ﬁ*(MM M, N)o] —r*ﬂ?i 54de EAd 2|7} :-_;_g%_o] AL oIt 2= 9loitt. <)x|9] oA
(Table 5). 0|3+ FAFS X]Fﬂ*]—A i s i s = Rhgshe doldaye] #43u] ] A, E=rlv: YAt

4 3 Beol 2RYuL 2 TS MOl HATS 2.6%¢] W, ghak AFS 10% OF 4uf o]A}e] H] & Aol
TARE A02 WERIEGwon, 2014). ASR2 MEel I 2 noln), BEuUR 2@ QAL 95 Ao Hlste] B
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Figure 4. Plant traits analysis diagram. a) life-form, b) growth form, c) invasion strategy.

Table 7. P-NCD aspect of the 'MM' life-form trait in F. chiisanensis dominated plots

T1 layer P-NCD T2 layer P-NCD S layer P-NCD H layer P-NCD

Fraxinus chiisanensis 73.526 Acer pseudosieboldianum 39.086 Magnolia sieboldii 16.918 Fraxinus chiisanensis 16.157
Acer pictum subsp. mono 8.765 Acer pictum subsp. mono 29.036 Acer pseudosieboldianum 6.179 Ulmus davidiana var. japonica 1.591
Ulmus davidiana var. japonica 4.305 Magnolia sieboldii 9.594 Fraxinus chiisanensis 3.862 Magnolia sieboldii 1.216
Quercus mongolica 3.588 Fraxinus chiisanensis 8.528 Acer pictum subsp. mono 2.391 Kalopanax septemlobus 0.561
Fraxinus rhynchophylla 1.845 Stewartia pseudocamellia 2.132 Morus bombycis 1.618 Acer pictum subsp. mono 0.281
Fraxinus mandshurica 1.230 Styrax obassia 1.675 Carpinus cordata 1.103  Carpinus cordata 0.156
Stewartia pseudocamellia 0.999 Carpinus cordata 1.675 Abies holophylla 0.441 Acer pseudosieboldianum 0.125
Cornus walteri 0.846 Abies holophylla 1.523 Sorbus alnifolia 0.441 Quercus mongolica 0.094
Acer pseudosieboldianum 0.513 Morus bombycis 0.812 Fraxinus rhynchophylla 0.110 Styrax obassia 0.047
Quercus serrata 0.513 Cornus walteri 0.711 Carpinus laxiflora 0.074 Quercus serrata 0.031
Prunus sargentii 0.461 Ulmus davidiana var. japonica 0.609 Acer triflorum 0.074 Prunus maackii 0.031
Phellodendron amurense 0.461 Ilex macropoda 0.508 Pinus koraiensis 0.074 Pinus koraiensis 0.031
Cornus controversa 0.410 Cornus controversa 0.254

Kalopanax septemlobus 0.410 Betula costata 0.203

Abies holophylla 0.308 Carpinus tschonoskii 0.152

Carpinus laxiflora 0.179 Fraxinus rhynchophylla 0.152

Carpinus cordata 0.128 Acer triflorum 0.152

Morus bombycis 0.128

Acer triflorum 0.128

Betula costata 0.103

Carpinus tschonoskii 0.077

Platycarya strobilacea 0.077




385 A - EAD

03] - x| -

Ao - A - AAY A= ERElA] 38(4) 2024

A WAL doldA WA the PAn| RN o
x9] ebgAo] ATHOR Be AR 2elu YeHCain,

1950; Sudnik-Wojcikowska and Galera, 2005; Honnay and
Bossuyt, 2005). 0|5 AR RE BEULUE 23 QA|s
BRgo] o TAN|eh ZEE UoldAl, FAAA 33
of e Ju] SOz Erjzgon], A% AR 3 &
Mt AE4e Kol Ao Felgglh
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Hol WS BEWUE 89S 71F0R % 197
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S oA EEEIuT-e] Aol o]FoiA|aL e, ek
o F|EZo|A] 3~52] HYE, 2EZo|A 1~72 HYE B
o]l Q)2 tHTable 5). o5 ZRAFLS 92 2|4l 4

AL, WFEAAbe R gRolEQth £HES o]F 4 31%
MM FA| ERwoll thste] P-NCD &8 P& 245t
oJ o EH

A2 W BEURE BEET ZEFAE 149, BT
FOIAE 359, ohBFOIAE 44912 et ubao.
2 A9) 900 AT Table 7). 0|5 BU=FE BE
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%
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