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ABSTRACT

The present study aimed to clarify flora living at the area of Restoration Center for Endangered Species in Yeongyang,
Gyeongbuk Province. In May, August, and September 2019 and in May and July 2020, all of vascular plants were
recorded, and endangered, Korea endemic, and exotic plant species were further identified. The study site contained
a total of 418 floral taxa (98 families, 261 genera, 384 species, 4 subspecies, 27 variations, and 3 formations), in
which Magnoliophyta accounted for larger proportion (95.2%) than Pteridophyta (3.6%) and Pinophyta (1.2%). In
addition, 1 endangered (Cypripedium macranthos Sw.) and 5 Korea endemic species (Aconitum pseudolaeve Nakai,
Eleutherococcus divaricatus var. chiisanensis [Nakai] C.H. Kim & B.-Y. Sun, Lonicera subsessilis Rehder, Paulownia
coreana Uyeki, and Weigela subsessilis [Nakai] L.H. Bailey) were detected. The number of exotic species was 33,
consisting of 4 invasive-exotic, 4 potentially invasive-exotic, and 25 non-invasive species. Compared to a previous
assessment before the establishment of the center (in 2014), there were increases in total floral taxa (from 361 to 418),
endangered species (from O to 1), and exotic species (from 26 to 33). These results possibly reflect temporal changes
in floral community, which should be confirmed through subsequent long term monitoring.
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Introduction

Flora is the undoubtedly important component in ter-
restrial ecosystems. 1t mediates various ecosystem pro-
cesses, such as pedogenesis (Shanmugam & Kingery,
2018), carbon sequestration (Chapin et al., 2009), and
nutrition cycle (Wurzburger €& Hendrick, 2009). Floral di-
versity also governs ecosystem structure by controlling the
environment around fauna and microbes, although flora
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accounts for only 17% of global number of species (Mora
et al., 2011). From the phytosociological perspective,
distribution and composition of plant community can
exhibit the integrated information regarding climatic and
geological history on a landscape over a long time period
(Pott, 2011).

Studying flora species composition has been prioritized
in terms of the terrestrial ecosystem research and conser-
vation/restoration ecology. For example, plans for land-
scape protection and land use change generally require a
thorough structural monitoring of flora (Korean Ministry
of Environment, 2014a; Oh et al., 2015). Assessments
following anthropogenic or natural disturbances also
frequently include it as a key index revealing health and
sustainability of a target site (Lee et al., 2018; Onaindia
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et al., 2004). Sometimes, floral data are utilized to quan-
tify the degree of urbanization and naturalization as well
(Beon et al., 2005; Oh et al., 2011).

Yeongyang in Gyeongbuk Province is one of the least
urbanized peninsular regions in South Korea, and retains
diverse forest types (Lee et al., 2006) and vascular plant
species (Chung et al., 2007; 2008; Oh et al., 2015). In
2018, a land use change occurred by the establishment
of Restoration Center for Endangered Species, which pos-
sibly shifted the local floral community. However, there is
no information on the flora throughout the area of Res-
toration Center for Endangered Species, despite an envi-
ronmental risk assessment before the construction (Korean
Ministry of Environment, 2014a).

The present study explored flora living at the area of
Restoration Center for Endangered Species in Yeongyang.
Our study primarily focused on the identification of vas-
cular plants, and the associated analyses of endangered,
endemic, and exotic species based on the Korean classifi-
cation. Furthermore, comparisons with a previous assess-
ment to the same area (Korean Ministry of Environment,
2014a) were made so that potential floral changes after
the establishment of the center could be elucidated.

Materials and Methods

Study site

Study site covered overall area of Restoration Center for
Endangered Species (255 ha) in Yeongyang (N36°38°10.30
E129°09°13.69), which was located at the northeastern
part of Gyeongbuk Province (Fig. 1). Topographically, ap-
proximately 77% of the site area were mountainous (slope
>15°), but there were plain and stream inside as well. The
altitude ranged from 235 m to 568 m (376 m on aver-
age). The soil was classified as inceptisols in the USDA soil
taxonomy, and as a brown forest soil type with a sandy
loam to loamy sand texture in the Korean forest soil no-

menclature. The climate was cool temperate with a hot
humid summer and a cold dry winter. The concentrated
precipitation event generally occurred in the middle of
summer. The average air temperature, precipitation, rela-
tive humidity, and wind speed were 13.3°C, 1,032.6 mm,
63.0%, and 2.9 m-s”' during the last 10 years, respectively.
The highest and lowest air temperature was 37.7 and
-15.0°C throughout a year.

Floral data collection and analysis

Vascular plants were investigated in May, August, and
September 2019 and in May and July 2020. The field
survey was based on the line transect method (Braun-
Blanquet, 1964), which targeted on the area of Restora-
tion Center for Endangered Species. Any vascular plants
were identified in the field using the characteristics of
organs (e.g., leaves, flowers, and stems) according to Lee
(2003) unless further specification was required with a
microscope in detail.

The nomenclature for each taxon followed the national
species list from National Institute of Biological Resourc-
es. The enforcement regulations by Korean Ministry of
Environment were applied to specify the legally protected
(endangered or Korea endemic) and exotic plant species.
In terms of exotic species, further classification was con-
ducted by the possibility of invasion to the native eco-
systems (invasive-exotic, potentially invasive-exotic, and
non-invasive) according to a previous assessment by Ko-
rean Ministry of Environment (2014b). Urbanization and
naturalization indices were calculated with the equations
purposed by Yim and Jeon (1980), Numata and Kotaki
(1975). Meanwhile, floral data before the establishment of
the center (Korean Ministry of Environment, 2014a) was
cited and restructured to make a direct comparison with
data from the present study. In particular, the classification
and the lists of legally protected or exotic species were ad-
justed to the same versions for those of the present study.

)
o/

Fig. 1. Location of the study site
(black arrow).
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Results and Discussion

Total floral taxa

There were 418 floral taxa (98 families, 261 genera, 384
species, 4 subspecies, 27 variations, and 3 formations)
in the study site (Table 1). Magnoliophyta occupied the
largest proportion (95.2%) of the floral taxa, followed by
Pteridophyta (3.6%) and Pinophyta (1.2%). The dominant
families within Magnoliophyta were Asteraceae (51 taxa),
Fabaceae (25 taxa), Rosaceae (25 taxa), Poaceae (24 taxa),
Liliaceae (17 taxa), and Lamiaceae (16 taxa), while the
dominant genera within Magnoliophyta were Artemisia (9
taxa), Carex (8 taxa), Persicaria (8 taxa), Viola (8 taxa), Di-
oscorea (6 taxa), and Quercus (6 taxa). On the other hand,
the dominant family and genus within Pinophyta were
Pinaceae (4 taxa) and Pinus (2 taxa), whereas those within
Pteridophyta were Dryopteridaceae (4 taxa) and Dryopteris
(4 taxa). Full list for the floral taxa in the study site was
provided in Supplementary Table 1.

In a quantitative manner, our result differed from previ-
ous studies investigating the other mountainous areas in
Yeongyang. For instance, Chung et al. (2007) found 513
floral taxa (91 families, 318 genera, 424 species, 3 subspe-
cies, 73 variations, and 13 formations) in Geomma-san,
while Chung et al. (2008) observed 437 taxa (88 families,
267 genera, 384 species, 4 subspecies, 43 variations, and
6 formations) in Podo-san. Oh et al. (2015) also reported
582 taxa (94 families, 307 genera, 508 species, 4 subspe-
cies, 61 variations, and 9 formations) in llwol-san. Such
difference between the present and previous studies might
occurred because the study site has undergone anthropo-
genic disturbances such as agriculture (Korean Ministry of
Environment, 2014a), in contrast to Geomma-san, Podo-
san, and llwol-san. The presence of agricultural fruit trees
(e.g., Diospyros kaki Thunb. and Ziziphus jujuba Mill.) in
the study site possibly supports this explanation (Supple-
mentary Table 1). Relatively low altitude of the study site
(study site: 376 m; Geomma-san: 1,017 m; Podo-san:
748 m; llwol-san: 1,219 m) might also contribute to such
differences in floral taxa (Yirga et al., 2019).

The total number of floral taxa from the present study
was larger than that of a study for the same site before
the establishment of Restoration Center for Endangered
Species (102 families, 331 species, 4 subspecies, 25 varia-
tions, and 1 formation) (Korean Ministry of Environment,

Table 1. Number of floral taxa found in the study site

2014a). Such increase in floral taxa was remarkable in
Magnoliophyta (from 344 to 398 taxa). On the contrary,
the number of family was lower in the present study than
in Korean Ministry of Environment (2014a) as a result of
the disappearance of 5 families (Eucommiaceae, Ginko-
goaceae, Grossulariaceae, Malvaceae, and Orobanchaceae)
and the new appearance of 1 family (Juncaceae). These
changes might reflect the potential reorganization in
plant niche and vegetation composition after the anthro-
pogenic event due to the construction (De Martis et al.,
2016). Given that the present study covered a relatively
short period of time, this aspect should be confirmed
through further monitoring in the long-term.

Legally protected species

A total of 6 legally protected species were detected in
the study site (Table 2). Of them, the endangered species
included Cypripedium macranthos Sw. (grade II by Korean
Ministry of Environment). The endemic species consisted
of Aconitum pseudolaeve Nakai, Eleutherococcus di-
varicatus var. chiisanensis (Nakai) C.H. Kim & B.-Y. Sun,
Lonicera subsessilis Rehder, Paulownia coreana Uyeki, and
Weigela subsessilis (Nakai) L.H. Bailey.

One result deserving highlight is that the detected en-
dangered species, C. macranthos, did not occur in the
previous study on the same site, while the number of
endemic species remained unchanged (Korean Ministry
of Environment, 2014a). This new inclusion might result
from either seed disposal from the outside of the study
site or simple unidentification during the previous study.

Table 2. List of legally protected plant species found in the
study site

Type
Endangered species

Scientific name

Cypripedium macranthos Sw.
Endemic species Aconitum pseudolaeve Nakai

Eleutherococcus divaricatus var.
chiisanensis (Nakai) C.H. Kim & B.-Y.
Sun

Lonicera subsessilis Rehder
Paulownia coreana Uyeki

Weigela subsessilis (Nakai) L.H. Bailey

Phylum Family Genus Species Subsp. Var. For. Subtotal
Magnoliophyta 87 247 365 4 26 3 398
Pinophyta 2 4 5 0 0 0 5
Pteridophyta 9 10 14 0 1 0 15
Total 98 261 384 4 27 3 418
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The presence of the endangered species was comparable
to previous studies in Yeongyang, which revealed several
endangered species (grade II by Korean Ministry of Envi-
ronment) such as C. macranthos in Geomma-san (Chung
et al., 2007) and Eleutherococcus senticosus (Rupr. &
Maxim.) Maxim. and Paeonia obovata Maxim. in Podo-
san (Chung et al., 2008); however, no endangered species
was found in llwol-san (Oh et al., 2015). As C. macran-
thos has been unreported around the study site until the
present study, detailed investigations should be necessary
to ensure whether that species habituate in the surround-
ing area of Restoration Center for Endangered Species.

Exotic species

The number of exotic species was 33, comprising 4
invasive-exotic, 4 potentially invasive-exotic, and 25 non-
invasive species (Table 3). The invasive-exotic species
consisted of 3 North American species (Ambrosia artemisi-
ifolia 1., Ambrosia trifida L., and Aster pilosus Willd.) and
1 European species (Lactuca scariola L.). The potentially
invasive-exotic species contained 2 North American spe-
cies (Amorpha fruticosa L. and Bidens frondosa 1.), 1 Eu-
ropean species (Festuca arundinacea Schreb.), and 1 Eur-
asian species (Rumex obtusifolius L.). These species were
either herbaceous weeds living along road- and stream-
side (A. artemisiifolia, A. trifida, A. pilosus, L. scariola, B.
frondosa, F. arundinacea, and R. obtusifolius) or planta-
tion shrubs (A. fruticosa). Meanwhile, the non-invasive
species were comprised of 9 North American species
(Conyza canadensis (L.) Cronquist, Coreopsis lanceolata
L., Cuscuta campestris Yunck., Erigeron annuus (L.) Pers.,
Euphorbia maculata L., Geranium carolinianum L., Heli-
anthus tuberosus L., Oenothera biennis L., and Robinia
pseudoacacia 1.), 9 European species (Cerastium glomera-
tum Thuill., Fallopia dumetorum (L.) Holub, Medicago sa-
tiva L., Poa pratensis L., Rumex crispus L., Taraxacum of-
ficinale F.H. Wigg., Thiaspi arvense L., Trifolium pratense
L., and Trifolium repens L.), 3 Eurasian species (Avena
fatua L., Carduus crispus L., and Dactylis glomerata 1L.), 2
Tropical American species (Amaranthus retroflexus L. and
Galinsoga quadriradiata Ruiz & Pav.), 1 South American
species (Bidens pilosa L.), and 1 Asian species (Melilotus
suaveolens Ledeb.).

Urbanization (proportion of exotic floral taxa in the
study site to that in the entire country) and naturalization
(proportion of exotic floral taxa to total floral taxa in the
study site) indices were 9.9 and 7.9%. These values slight-
ly exceeded the findings from Chung et al. (2005; 2007;
2008) in Yeongyang (urbanization index: 6.3-9.7%; natu-
ralization index: 3.6-4.1%) as well as the indices prior to
the establishment of the center (urbanization index: 7.8%;
naturalization index: 7.2%) (Korean Ministry of Environ-
ment, 2014a). Moreover, the proportion of both invasive-
exotic and potentially invasive-exotic species increased

1.5-fold, comparing it to that before the establishment
of the center (Fig. 2). These results demonstrate that the
study site might have been subjected to the anthropo-
genic disturbances like agriculture and the construction
of the center, as suggested by the total floral taxa data (see
total floral taxa subsection). Considering that the newly
appeared exotic species (e.g. L. scariola) are generally tol-
erant and invasive to the unvegetated bare environments
(Kim et al., 2013), the increasing trend in invasive species

Table 3. List of exotic plant species found in the study site

Type Scientific name

Invasive-exotic Ambrosia artemisiifolia L.

Ambrosia trifida L.

Aster pilosus Willd.

Lactuca scariola L.

Potentially invasive-exotic Amorpha fruticosaL.
Bidens frondosa L.
Festuca arundinacea Schreb.
Rumex obtusifolius L.

Non-invasive Amaranthus retroflexus L.

Avena fatua L.

Bidens pilosa L.

Carduus crispus L.

Cerastium glomeratum Thuill.

Conyza canadensis (L.) Cronquist

Coreopsis lanceolata L.

Cuscuta campestris Yunck.

Dactylis glomerata L.

Erigeron annuus (L.) Pers.

Euphorbia maculata L.

Fallopia dumetorum (L.) Holub

Galinsoga quadriradiata Ruiz & Pav.

Geranium carolinianum L.

Helianthus tuberosus L.

Medicago sativa L.

Melilotus suaveolens Ledeb.

Oenothera biennis L.

Poa pratensis L.

Robinia pseudoacacia L.

Rumex crispus L.

Taraxacum officinale EH. Wigg.

Thlaspi arvense L.

Trifolium pratense L.

Trifolium repens L.
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Fig. 2. Number of exotic plant species. Values beside each
bar indicate the species number (left) and the proportion
(right) for the corresponding classes.

might be closely related to the recent construction of
infrastructure, such as parking lots and roads across the
study site.

Concluding remarks

The present study exhibits a total of 418 floral taxa (98
families, 261 genera, 384 species, 4 subspecies, 27 varia-
tions, and 3 formations) around the area of Restoration
Center for Endangered Species in Yeongyang, Gyeongbuk
Province. The flora in the study site particularly contained
1 endangered species and 5 Korea endemic species as well
as 33 exotic species consisting of 4 invasive-exotic, 4 po-
tentially invasive-exotic, and 25 non-invasive.

Several changes were detected relative to the data be-
fore the establishment of the center. In particular, the
total number of floral taxa increased by 169%, although
several floral families (Eucommiaceae, Ginkogoaceae,
Grossulariaceae, Malvaceae, and Orobanchaceae) were
faded out in the present study. Additionally, 1 endangered
species (C. macranthos) newly occurred, and the propor-
tion of invasive and potentially invasive species was 1.5-
fold elevated. Overall results imply potential alterations in
floral community, which might be related to the recent
establishment of the center at the study site. Subsequent
studies should be required to confirm and track the po-
tential floral changes in the future.
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Supplementary Table 1. Full list of flora species found in the study area

Phylum Family Scientific name

Magnoliophyta  Aceraceae Acer pictum var. mono (Maxim.) Franch.
Acer pseudosieboldianum (Pax) Kom.
Acer tataricum subsp. ginnala (Maxim.) Wesm.
Acer triflorum Kom.
Actinidiaceae Actinidia arguta (Siebold & Zucc.) Planch. ex Migq.
Actinidia polygama (Siebold & Zucc.) Maxim.
Adoxaceae Adoxa moschatellina L.
Sambucus williamsii Hance
Amaranthaceae Achyranthes bidentata var. japonica Miq.
Amaranthus retroflexus L.
Anacardiaceae Rhus javanica L.
Toxicodendron trichocarpum (Miq.) Kuntze
Apiaceae Angelica dahurica (Fisch. ex Hoffm.) Benth. & Hook. f. ex Franch. & Sav.
Angelica decursiva (Miq.) Franch. & Sav.
Angelica polymorpha Maxim.
Angelica reflexa B.Y. Lee
Bupleurum komarovianum Lincz.
Cymopterus melanotilingia (H. Boissieu) C.Y. Yoon
Oenanthe javanica (Blume) DC.
Pimpinella brachycarpa (Kom.) Nakai
Sanicula chinensis Bunge
Sium suave Walter
Torilis scabra (Thunb.) DC.
Araceae Arisaema amurense f. serratum (Nakai) Kitag.
Pinellia ternata (Thunb.) Ten. ex Breitenb.
Araliaceae Aralia elata (Miq.) Seem.
Eleutherococcus divaricatus var. chiisanensis (Nakai) C.H. Kim & B.-Y. Sun
Eleutherococcus sessiliflorus (Rupr. & Maxim.) S.Y. Hu
Kalopanax septemlobus (Thunb.) Koidz.
Aristolochiaceae  Aristolochia contorta Bunge
Asarum sieboldii Miq.
Asclepiadaceae Cynanchum atratum Bunge
Metaplexis japonica (Thunb.) Makino
Asteraceae Ainsliaea acerifolia Sch. Bip.
Ambrosia artemisiifolia L.
Ambrosia trifida L.
Artemisia annua L.
Artemisia capillaris Thunb.

Artemisia gmelinii Weber ex Stechm.
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Asteraceae Artemisia indica Willd.
Artemisia japonica Thunb.
Artemisia keiskeana Miq.
Artemisia montana (Nakai) Pamp.
Artemisia scoparia Waldst. & Kit.
Artemisia stolonifera (Maxim.) Kom.
Aster ageratoides Turcz.
Aster pilosus Willd.
Aster scaber Thunb.
Aster yomena (Kitam.) Honda
Atractylodes ovata (Thunb.) DC.
Bidens frondosa L.
Bidens pilosa L.
Carduus crispus L.
Carpesium abrotanoides L.
Carpesium divaricatum Siebold & Zucc.
Cirsium japonicum var. maackii (Regel) Kitam.
Cirsium pendulum Fisch. ex DC.
Conyza canadensis (L.) Cronquist
Coreopsis lanceolata L.
Crepidiastrum denticulatum (Houtt.) Pak & Kawano
Crepidiastrum sonchifolium (Bunge) Pak & Kawano
Dendranthema boreale (Makino) Ling
Dendranthema zawadskii (Herbich) Tzvelev
Dendranthema zawadskii var. latilobum (Maxim.) Kitam.
Erigeron annuus (L.) Pers.
Eupatorium japonicum Thunb.
Galinsoga quadriradiata Ruiz & Pav.
Helianthus tuberosus L.
Hemistepta lyrata Bunge
Hieracium umbellatum L.
Ixeridium dentatum (Thunb.) Tzvelev
Ixeris polycephala Cass.
Lactuca indica L.
Lactuca raddeana Maxim.
Lactuca scariola L.
Leibnitzia anandria (L.) Turcz.
Petasites japonicus (Siebold & Zucc.) Maxim.
Rhaponticum uniflorum (L.) DC.
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Asteraceae Sigesbeckia pubescens (Makino) Makino
Syneilesis palmata (Thunb.) Maxim.
Synurus deltoides (Aiton) Nakai
Taraxacum officinale F.H. Wigg.
Tephroseris kirilowii (Turcz. ex DC.) Holub
Youngia japonica subsp. Elstonii (Hochr.) Babc. & Stebbins
Balsaminaceae Impatiens nolitangere L.
Impatiens textori Miq.
Betulaceae Alnus hirsuta Turcz. ex Rupr.
Alnus japonica (Thunb.) Steud.
Betula costata Trautv.
Betula dahurica Pall.
Betula pendula Roth
Corylus heterophylla Fisch. ex Trautv.
Boraginaceae Lithospermum erythrorhizon Siebold & Zucc.
Trigonotis peduncularis (Trevir.) Steven ex Palib.
Trigonotis radicans var. sericea Thunb.
Brassicaceae Arabis glabra (L.) Bernh.
Capsella bursa-pastoris (L.) Medik.
Cardamine flexuosa With.
Cardamine impatiens L.
Cardamine leucantha (Tausch) O.E. Schulz
Cardamine scutata Thunb.
Descurainia sophia (L.) Webb ex Prantl
Draba nemorosa L.
Rorippa indica (L.) Hiern
Rorippa palustris (L.) Besser
Sisymbrium luteum (Maxim) O.E. Schulz
Thlaspi arvense L.
Campanulaceae  Adenophora triphylla var. japonica (Regel) H. Hara
Codonopsis lanceolata (Siebold & Zucc.) Trautv.
Platycodon grandiflorum (Jacq.) A. DC.
Cannabaceae Humulus japonicus Siebold & Zucc.
Caprifoliaceae Lonicera japonica Thunb.
Lonicera praeflorens Batal
Lonicera subsessilis Rehder
Caryophyllaceae  Arenaria serpyllifolia L.
Cerastium glomeratum Thuill.

Pseudostellaria heterophylla (Miq.) Pax
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Supplementary Table 1. (Continued)

Phylum

Family

Scientific name

Magnoliophyta

Caryophyllaceae

Celastraceae

Celtidaceae
Chenopodiaceae
Chloranthaceae
Clusiaceae
Commelinaceae
Convolvulaceae

Cornaceae

Crassulaceae

Cyperaceae

Diervillaceae

Dioscoreaceae

Ebenaceae

Elacagnaceae

Ericaceae

Pseudostellaria palibiniana (Takeda) Ohwi
Silene firma Siebold & Zucc.

Stellaria alsine var. undulata (Thunb.) Ohwi
Stellaria aquatica (L.) Scop.

Celastrus flagellaris Rupr.

Celastrus orbiculatus Thunb.

Euonymus alatus (Thunb.) Siebold
Euonymus alatus f. ciliatodentatus Hiyama
Euonymus japonicus Thunb.

Celtis aurantiaca Nakai

Chenopodium album L.

Chloranthus japonicus Siebold

Hypericum erectum Thunb.

Commelina communis L.

Cuscuta campestris Yunck.

Cornus controversa Hemsl.

Cornus kousa F. Buerger ex Miq.

Sedum kamtschaticum Fisch. & C.A. Mey.
Sedum sarmentosum Bunge

Carex breviculmis R. Br.

Carex forficula Franch. & Sav.

Carex humilis var. nana (H. Lev. & Vaniot) Ohwi

Carex lanceolata Boott

Carex neurocarpa Maxim.

Carex polyschoena H. Lév. & Vaniot
Carex sabynensis Less. ex Kunth
Carex siderosticta Hance

Cyperus amuricus Maxim.

Weigela subsessilis (Nakai) L.H. Bailey
Dioscorea japonica Thunb.
Dioscorea nipponica Makino
Dioscorea polystachya Turcz.
Dioscorea quinqueloba Thunb.
Dioscorea septemloba Thunb.
Dioscorea tokoro Makino

Diospyros kaki Thunb.

Diospyros lotus L.

Elaeagnus umbellata Thunb.

Rhododendron mucronulatum Turcz.
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Ericaceae Rhododendron schlippenbachii Maxim.
Rhododendron yedoense f. poukhanense (H. Lév.) M. Sugim.
Euphorbiaceae Acalypha australis L.
Euphorbia humifusa Willd
Euphorbia maculata L.
Flueggea suffruticosa (Pall.) Baill.
Phyllanthus urinaria L.
Fabaceae Amorpha fruticosa L.
Amphicarpaea bracteata subsp. Edgeworthii (Benth.) H. Ohashi
Chamaecrista nomame (Siebold) H. Ohashi
Glycine soja Siebold & Zucc.
Hylodesmum podocarpum (DC.) H. Ohashi & R.R. Mill
Hylodesmum podocarpum subsp. oxyphyllum (DC.) H. Ohashi & R.R. Mill
Kummerowia striata (Thunb.) Schindl.
Lathyrus davidii Hance
Lathyrus quinquenervius (Miq.) Litv.
Lespedeza bicolor Turcz.
Lespedeza cuneata (Dum. Cours.) G. Don.
Lespedeza maximowiczii C.K. Schneid.
Lespedeza pilosa (Thunb.) Siebold & Zucc.
Lespedeza virgata (Thunb.) DC.
Maackia amurensis Rupr.
Medicago sativa L.
Melilotus suaveolens Ledeb.
Pueraria lobata (Willd.) Ohwi
Robinia pseudoacacia L.
Sophora flavescens Aiton
Trifolium pratense L.
Trifolium repens L.
Vicia amoena Fisch. ex Ser.
Vicia unijuga A. Braun
Vicia venosa (Willd. ex Link) Maxim.
Fagaceae Castanea crenata Siebold & Zucc.
Quercus acutissima Carruth.
Quercus aliena Blume
Quercus dentata Thunb.
Quercus mongolica Fisch. ex Ledeb.
Quercus serrata Murray

Quercus variabilis Blume
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Fumariaceae Corydalis speciosa Maxim.
Corydalis turtschaninovii Besser
Gentianaceae Gentiana squarrosa Ledeb.
Geraniaceae Geranium carolinianum L.
Geranium sibiricum L.
Geranium thunbergii Siebold ex Lindl. & Paxton
Hydrangeaceae Deutzia parviflora Bunge
Deutzia uniflora Shirai
Hydrangea serrata var. acuminata (Siebold & Zucc.) Nakai
Philadelphus schrenkii Rupr.
Philadelphus tenuifolius Rupr.

Iridaceae Iris rossii Baker

Juglandaceae Platycarya strobilacea Siebold & Zucc.

Juncaceae Juncus decipiens (Buchenau) Nakai

Lamiaceae Agastache rugosa (Fisch. & C.A. Mey.) Kuntze
Ajuga multiflora Bunge

Elsholtzia ciliata (Thunb.) H. Hyl.
Elsholtzia splendens Nakai ex F. Maek.
Isodon excisus (Maxim.) Kudo
Isodon inflexus (Thunb.) Kudo
Isodon japonicus (Burm. f.) H. Hara
Lamium amplexicaule L.
Leonurus japonicus Houtt.
Leonurus macranthus Maxim.
Meehania urticifolia (Miq.) Makino
Mosla dianthera (Buch.-Ham. ex Roxb.) Maxim.
Perilla frutescens (L.) Britton
Prunella asiatica Nakai
Scutellaria indica L.
Scutellaria pekinensis var. transitra (Makino) H. Hara
Lardizabalaceae = Akebia quinata (Houtt.) Decne.
Lauraceae Lindera glauca (Siebold & Zucc.) Blume
Lindera obtusiloba Blume
Liliaceae Allium thunbergii G. Don
Asparagus cochinchinensis (Lour.) Merr.
Asparagus oligoclonos Maxim.
Asparagus schoberioides Kunth
Barnardia japonica (Thunb.) Schult. & Schult. f.
Convallaria keiskei Miq.
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Supplementary Table 1. (Continued)

Family

Scientific name

Magnoliophyta

Liliaceae

Lythraceae

Magnoliaceae

Menispermaceae

Moraceae

Oleaceae

Onagraceae

Orchidaceae

Oxalidaceae
Papaveraceae
Phrymaceae
Plantaginaceae

Poaceae

Disporum smilacinum A. Gray
Disporum uniflorum Baker

Disporum viridescens (Maxim.) Nakai
Hemerocallis fulva L.

Hosta capitata (Koidz.) Nakai

Lilium distichum Nakai

Lilium tsingtauense Gilg

Polygonatum falcatum A. Gray

Polygonatum odoratum var. pluriflorum (Miq.) Ohwi
Polygonatum thunbergii C. Morren & Decne.

Veratrum maackii Regel

Rotala indica (Willd.) Koehne
Magnolia obovata Thunb.

Magnolia sieboldii K. Koch
Cocculus trilobus (Thunb.) DC.
Menispermum dauricum DC.

Morus alba L.

Morus bombycis Koidz.

Fraxinus rhynchophylla Hance
Fraxinus sieboldiana Blume
Ligustrum obtusifolium Siebold & Zucc.
Circaea cordata Royle

Circaea mollis Siebold & Zucc.
Oenothera biennis L.

Cephalanthera longibracteata Blume
Cypripedium macranthos Sw.
Liparis kumokiri F. Maek.

Oxalis corniculata L.

Chelidonium majus var. asiaticum (H. Hara) Ohwi

Phryma leptostachya var. oblongifolia (Koidz.) Honda

Plantago asiatica L.

Alopecurus aequalis Sobol.
Arundinella hirta (Thunb.) Tanaka
Avena fatua L.

Bromus japonicus Thunb.

Dactylis glomerata L.

Diarrhena japonica Franch. & Sav.

Echinochloa crus-galli (L.) P. Beauv.

Echinochloa esculenta (A. Braun) H. Scholz
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Supplementary Table 1. (Continued)

Phylum

Family

Scientific name

Magnoliophyta

Poaceae

Polygonaceae

Portulacaceae

Primulaceae

Pyrolaceae

Ranunculaceae

Elymus tsukushiensis Honda

Festuca arundinacea Schreb.

Festuca ovina L.

Miscanthus sinensis Andersson

Oplismenus undulatifolius (Ard.) Roem. & Schult.
Phragmites australis (Cav.) Trin. ex Steud.
Phragmites japonica Steud.

Poa pratensis L.

Setaria faberi R.A.W. Herrm.

Setaria pumila (Poir.) Roem. & Schult.

Setaria viridis (L.) P. Beauv.

Spodipogon sibiricus Trin.

Sporobolus fertilis (Steud.) Clayton

Themeda triandra Forssk.

Trisetum bifidum (Thunb.) Ohwi

Zoysia japonica Steud.

Fallopia dumetorum (L.) Holub

Persicaria hydropiper (L.) Delarbre

Persicaria longiseta (Bruijn) Kitag.

Persicaria muricata (Meisn.) Nemoto
Persicaria perfoliata (L.) H. Gross

Persicaria posumbu (Buch.—Ham. ex D. Don) H. Gross
Persicaria sagittata var. sieboldii (Meisn.) Nakai
Persicaria senticosa (Meisn.) H. Gross ex Nakai
Persicaria thunbergii (Siebold & Zucc.) H. Gross
Polygonum aviculare L.

Rumex crispus L.

Rumex obtusifolius L.

Portulaca oleracea L.

Androsace umbellata (Lour.) Merr.

Lysimachia clethroides Duby

Chimaphila japonica Miq.

Pyrola japonica Klenze ex Alef.

Aconitum jaluense Kom.

Aconitum pseudolaeve Nakai

Clematis apiifolia DC.

Clematis fusca var. violacea Maxim.

Clematis patens C. Morren & Decne.

Clematis terniflora var. mandshurica (Rupr.) Ohwi
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Ranunculaceae Hepatica asiatica Nakai
Pulsatilla cernua (Thunb.) Bercht. & J. Presl
Thalictrum aquilegifolium var. sibiricum Regel & Tiling
Rhamnaceae Rhamnus yoshinoi Makino
Ziziphus jujuba Mill.
Rosaceae Agrimonia pilosa Ledeb.
Aruncus dioicus var. kamtschaticus (Maxim.) H. Hara
Duchesnea indica (Andr.) Focke
Geum aleppicum Jacq.
Malus baccata (L.) Borkh.
Potentilla chinensis Ser.
Potentilla fragarioides L.
Potentilla freyniana Bornm.
Prunus japonica var. nakaii (H. Lev.) Rehder
Prunus persica (L.) Batsch
Prunus sargentii Rehder
Prunus sibirica L.
Prunus tomentosa Thunb.
Pyrus pyrifolia (Burm. f.) Nakai
Pyrus ussuriensis Maxim.
Rosa multiflora Thunb.
Rubus crataegifolius Bunge
Rubus oldhamii Miq.
Rubus parvifolius L.
Rubus phoenicolasius Maxim.
Sanguisorba officinalis L.
Sorbus alnifolia (Siebold & Zucc.) K. Koch
Spiraea prunifolia var. simpliciflora (Nakai) Nakai
Spiraea pubescens Turcz.
Stephanandra incisa (Thunb.) Zabel
Rubiaceae Galium bungei var. trachyspermum (A. Gray) Cufod.
Galium kamtschaticum Steller ex Schult. & Schult. f.
Galium odoratum (L.) Scop.
Galium spurium L.
Galium verum var. asiaticum Nakai
Rubia argyi (H. Lev. & Vaniot) H. Hara ex Lauener & D.K. Ferguson
Rubia cordifolia L.
Rutaceae Dictamnus dasycarpus Turcz.

Zanthoxylum schinifolium Siebold & Zucc.
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Supplementary Table 1. (Continued)

Phylum Family Scientific name
Magnoliophyta  Salicaceae Populus x tomentiglandulosa T.B. Lee
Salix caprea L.
Salix gracilistyla Miq.
Salix pierotii Miq.
Santalaceae Thesium chinense Turcz.
Saxifragaceae Astilbe chinensis (Maxim.) Franch. & Sav.
Chrysosplenium grayanum Maxim.
Schisandraceae Schisandra chinensis (Turcz.) Baill.
Scrophulariaceae ~ Melampyrum roseum Maxim.
Paulownia coreana Uyeki
Simaroubaceae Picrasma quassioides (D. Don) Benn.
Smilacaceae Smilax china L.
Smilax nipponica Miq.
Smilax sieboldii Miq.
Staphyleaceae Staphylea bumalda DC.
Styracaceae Styrax japonicus Siebold & Zucc.
Styrax obassia Siebold & Zucc.
Symplocaceae Symplocos sawafutagi Nagam.
Tiliaceae Tilia amurensis Rupr.
Ulmaceae Hemiptelea davidii (Hance) Planch.
Ulmus davidiana Planch.
Ulmus davidiana var. japonica (Rehder) Nakai
Zelkova serrata (Thunb.) Makino
Urticaceae Boehmeria gracilis C.H. Wright
Boehmeria platanifolia Franch. & Sav.
Boehmeria spicata (Thunb.) Thunb.
Pilea mongolica Wedd.
Valerianaceae Patrinia scabiosifolia Fisch. ex Trevir.
Patrinia villosa (Thunb.) Juss.
Valeriana fauriei Briq.
Verbenaceae Callicarpa dichotoma (Lour.) K. Koch
Callicarpa japonica Thunb.
Viburnaceae Viburnum carlesii var. bitchiuense (Makino) Nakai
Viburnum wrightii Miq.
Violaceae Viola acuminata Ledeb.

Viola albida var. chaerophylloides (Regel) F. Maek.
Viola grypoceras A. Gray
Viola keiskei Miq.

Viola mandshurica W. Becker
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Supplementary Table 1. (Continued)

Phylum Family Scientific name

Magnoliophyta  Violaceae Viola phalacrocarpa Maxim.
Viola rossii Hemsl.
Viola variegata Fisch. ex Link
Vitaceae Ampelopsis brevipedunculata (Maxim.) Trautv.
Parthenocissus tricuspidata (Siebold & Zucc.) Planch.
Vitis amurensis Rupr.

Vitis coignetiae Pulliat ex Planch.

Vitis flexuosa Thunb.
Pinophyta Cupressaceae Juniperus rigida Siebold & Zucc.
Pinaceae Abies holophylla Maxim.

Larix kaempferi (Lamb.) Carriere

Pinus densiflora Siebold & Zucc.

Pinus koraiensis Siebold & Zucc.

Pteridophyta Aspleniaceae Asplenium incisum Thunb.

Asplenium ruprechtii Sa. Kurata
Athyriaceae Athyrium niponicum (Mett.) Hance

Athyrium yokoscense (Franch. & Sav.) H. Christ
Dennstaedtiaceae  Dennstaedtia wilfordii (T. Moore) H. Christ

Pteridium aquilinum var. latiusculum (Desv.) Underw. ex A. Heller
Dryopteridaceaec  Dryopteris bissetiana (Baker) C. Chr.

Dryopteris chinensis (Baker) Koidz.

Dryopteris crassirhizoma Nakai

Dryopteris uniformis (Makino) Makino
Equisetaceae Equisetum arvense L.
Onocleaceae Pentarhizidium orientale (Hook.) Hayata
Ophioglossaceae  Botrychium ternatum (Thunb.) Sw.
Osmundaceae Osmunda japonica Thunb.

Polypodiaceae Pyrrosia linearifolia (Hook.) Ching
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