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ABSTRACT

We classified temperate South Manchurian mixed forests (SMMFs) from the class
Quercetea mongolicae, the order Tilio amurensis—Pinetalia koraiensis,
and the alliance Carpino cordatae—Abietion holophyllae, using the Braun-
Blanquet approach, and calculated diversity metrics for communities of different
associations. The Querco mongolicae—Abietetum holophyllae represents
mesic mixed forests dominated by Abies holophylla, Pinus koraiensis, with a complex
of deciduous tree species. The new association Mitello nudae—Abietetum ho-
lophyllae encompasses SMMFs in the northern limit of their distribution with
an admixture of boreal species. The new suballiance Filipendulo palmatae—
Juglandenion mandshuricae unites two associations: Onocleo struthiop-
teridis—guglandetum mandshuricae and Fraxino mandshurici—Abiete-
tum holophyllae of SMMFs from eutrophic moist ecotopes. The association
Rhododendro mucronulati-Betuletum schmidtii encompasses SMMFs
of rocky ridges dominated by Bezula schmidtii and Quercus mongolica. Two forest com-
munities with no syntaxonomical rank: Carex drymophila—Abies holophylla and Mag-
nolia sieboldii-Abies holophylla represent southern SMMFs on the Korean Peninsula.

Keywords: _Abies holophylla, Braun-Blanquet, Carpino cordatae—Abietion holophyl-
lae, cool-temperate climate, floristic diversity, North-East Asia, Quercetea mongoli-
cae, Russian Far Fast, syntaxa

PE3IOME

Asusroposa B.A., Aucuisina AA., Kopsuukos K.A., Ayaros C.B., ITer-
peuxo T.f., Kpecrop IL.B. PasHooGpasue I-O)KHO-MaHBLDKyﬁCKI/IX cMme-
mraHHBIX AecoB coro3a Carpino cordatae—Abietion holophyllae xaacca
Quercetea mongolicae. Mbr KAaCCHPUIINPOBAAU IOKHO-MAHBWKYPCKHE CME-
mranabie Aeca (FOMCA) ymepeHHOTO 1105ica, OTHOCAIIIEC K KAACCY Su ercetea
mongolicae, mopsaky Tilio amurensis—Pinetalia koraiensis u corosy Car-
pino cordatae—Abietion holophyllae, B pamkax moaxoaa bpayna-baanke, n
PACCUHTAAN METPUKH PA3HOOOPA3UA AAS COOOIIECTB PA3HbIX accoruarmii. Quer-
co mongolicae—Abietetum hologhyllae H/pCACTaBAHCT coboit Me3ouTHBIC
CMeInaHHble Aeca, oOpasosarnbie Abies holophylla, Pinns koraiensis 1 KOMIAEKCOM
AHMCTBEHHBIX BHAOB AcpeBbeB. Hosas acconmarma Mitello nudae—Abietetum
holophyllae oxsarsiBacr FOMCA Ha ceBepHOII TpaHNIE UX PACIPOCTPAHCHISA
C yJacTHeM GopearbHBIX BupoB. HoBBIIT mOACOTO3 Filipendulo palmatae—
Juglandenion mandshuricae obbeannser Ase acconmanmm: Onocleo
struthiopteridis—Juglandetum mandshuricae u Fraxino mandshurici—
Abietetum holophyllae, coobrecTBa KOTOPEIX XapaKTEPHBI AAA Y TPO(HBIX
BAQKHBIX 3KOTOITOB. Accormarusa Rhododendro mucronulati—-Betuletum
schmidtii ooveamnaer FOMCA ma ckaAncTeIx XpeOTax ¢ AOMHHHPOBAHHEM
Betula schmidtii v Quercus mongolica. A\Ba AeCHBIX COOOITIECTBA OE3 CHHTAKCOHOMI-
ueckoro parra: Carex dryﬂaﬁ?ﬂa—/‘l bies holophylla v Magnolia sieboldii—Abies holophylla
mpeacraBAsroT roxapie FOMCA Kopetickoro moayocrposa.

Karouessie caoBa: Abies holophylla, bpaya-baanke, Carpino cordatae—Abiction
holophyllae, ceBepras ymepernas 30Ha, hropucriraeckoe pasaooodpasue, Cesepo-Boc-
tounas Asmsa, Quercetea mongolicae, Poccniickuit Aaapunit Boctok, cuaTakcoHst

South Manchurian mixed forests (SMMTF's) represent the
forest ecosystems of the southern Russian Far Fast (south
of 44°N), as well as parts of Heilongjiang and Jilin Provinces
of Northeast China and the Korean Peninsula (Kim 1992,
Kolbek et al. 2003, Krestov et al. 2000, Cern§r et al. 2015,
Su et al. 2020). SMMF's are dominated by Abies holophylla,
Carpinus cordata, Pinus koraiensis, Quercus mongolica, and Tilia
ammurensis, constitute the primary forest type in the region.

Scientific investigations of SMMFs in Russia and adja-
cent regions of China date back to the 1860s, initially spur-
red by logging activities (Budishchev 1867). Early forest
classification efforts, pioneered by Ivashkevich (1915), laid

the groundwork for regional forest typologies based on ha-
bitat type, dominant species, and ecosystem productivity
(Ivashkevich 1916, 1927, 1933). Concurrently, a phytoceno-
logical approach emerged, classifying forests according to
structure and composition (Vasilyev 1935, 1939, Kabanov
1937). While early classifications provided valuable insights,
they lacked a unified hierarchical framework.

Subsequently, the “dynamic-geographical” approach
gained prominence in the Soviet Far East, emphasizing fo-
rest succession and natural development processes (Koles-
nikov 1956, 1958). Under this framework, SMMFs were ca-
tegorized into montane and valley complexes, further subdi-
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vided into nine types along a moisture gradient (Vasilyev &
Kolesnikov 1962). Despite its contributions, the approach
had limitations, including reliance on expert judgement and
indistinct forest type boundaries. Kolesnikov (1956) divided
the mixed forests with Korean pine of the Russian Far East
into three climatically distinct types: southern, with Abzes
holophylla, Carpinus cordata and other elements of the sou-
thern Manchurian flora; typical (middle), with species of
the Manchurian flora; and northern, also with species of
the Manchurian flora enriched with boreal species. Contem-
porary classifications continue to regard SMMFs as the sou-
thernmost variant of the zonal Korean pine—broadleaved
forests (Krestov 2003, Ogureeva et al. 2012), reflecting their
transitional ecological position within the region.

Since the 1990s, the Braun-Blanquet approach (Braun-
Blanquet 1964) has been widely adopted for vegetation clas-
sification in China and Korea (Kim 1990, 1992, Song 1992,
Takeda et al. 1994, Song et al. 1995, 1999). Kim (1992)
classified the SMMFs as a distinct alliance within the class
Quercetea mongolicae Song ex Krestov, Dzizyurova
et Korznikov 2023, though he had acknowledged the limi-
tations of his dataset. Subsequent studies (Gumarova et al.
1994, Krestov et al. 2006, 2023) refined the syntaxonomical
system. The complex classification of Northeast Asia’s tem-
perate deciduous forests (Krestov et al. 2006) placed SMMF's
within the alliance Carpino cordatae—Abietion holo-
phyllae Kim ex Krestov, Dzizyurova et Korznikov 2023,
the order Tilio amurensis—Pinetalia koraiensis
Kim ex Krestov, Dzizyurova et Korznikov 2023. The alliance
Carpino cordatae—Abietion holophyllae is characterized by a
mix of temperate species thriving in humid conditions, with
its northern distribution limit near 44°N (Krestov et al. 2000).

Despite extensive research, the syntaxonomy of
SMMFs remains a subject of debate. One key controversy
concerns the presence of Carpino cordatae—Abicetion
holophyllae communities in China and Korea. Some
studies suggest that SMMFs in northeast China and North
Korea share similarities with those in Russia (Vasilyev &
Kolesnikov 1962, Kim 1990, 1992, Gumarova et al. 1994,
Qian et al. 2003, Kolbek et al. 2003, Krestov & Verkholat
2003, Krestov et al. 2000), but direct evidence remains
scarce. Detailed vegetation analyses in Northeast China
have not confirmed the presence of Carpino—Abietion
communities (Fujiwara & Harada 2015), though Su et al.
(2020) documented Korean pine—broadleaved forests
containing Abies holophylla in Heilongjiang and Jilin.

A second unresolved question is whether SMMF's should
be classified within a single alliance or if their diversity
necessitates broader differentiation. In Korea, Kolbek
et al. (2003) and Cerny et al. (2015) identified mountain
forests dominated by Abies holophylla, Pinus koraiensis, and
broadleaved species such as Acer mono, Carpinus cordata,
and Magnolia sieboldii. These forests were assigned to the
alliance Rhododendro schlippenbachii—Quercion
mongolicae Song ex Takeda, Nakanishi et Choe 1994,
within the order Aceri pseudosieboldiani—Querce-
talia mongolicae Song ex Takeda, Nakanishi et Choe
1994. Another potential variant of SMMFs comprises
Abies holophylla forests with Sasamorpha borealis in the under-

story, classified to the alliance Lindero obtusilobae—
Quercion mongolicae Kim 1990, subordinated to the
order Aceri pseudosieboldiani—Quercetalia mon-
golicae (Cerny et al. 2015).

A third consideration is the increasing availability of data
on species distribution and community composition, which
has led to the appearance of new syntaxa. For instance,
Petrunenko & Dzizurova (2024) recently published a ve-
getation classification for the Kedrovaya Pad' Nature Re-
serve, part of the Land of the Leopard National Park in
southwestern Primorye, Russia. Their study identified two
new associations and two subassociations within SMMFs,
further contributing to our understanding of forest diversity
in the region.

Renowned for their structural complexity and high di-
versity, SMMFs provide critical habitats for numerous rare
and ecologically valuable species (Vasilyev & Kolesnikov
1962) including the critically endangered Amur leopard
(Panthera pardus orientalis Schlegel 1857) and the southern-
most populations of the Amur tiger (Panthera tigris altaica
Temminck 1844). Beyond their ecological significance,
SMMFs serve as the last remaining strongholds for these
apex predators, whose survival depends on the preservation
of intact forest ecosystems. SMMFs are recognized as eco-
systems of significant conservation importance (Krestov
& Verkholat 2003). However, extensive deforestation over
the past century has led to a substantial decline in their
extent (Krestov & Verkholat 2003, Wang et al. 2021). Cur-
rently, SMMFs face mounting threats from climate change,
wildfires, and habitat fragmentation (Krestov & Verkholat
2003, Krestov et al. 2006, Dziziurova et al. 2022). A well-
defined classification system is crucial for effective conser-
vation planning and sustainable management.

This study aims to develop a broad-scale classification
of SMMFs based on an extensive dataset of vegetation plots
using the Braun-Blanquet approach. Specifically, we seek to:
1) revise and synthesize existing classifications of SMMFs;
2) determine the ecological characteristics of SMMFs;
3) assess diversity of SMMFs across different levels of
organization («-, 8-, and y-diversity), with a particular focus
on their conservation value.

MATERIAL AND METHODS
Study area

The study area encompasses the warmest parts of
the Manchurian ecoregion, situated between latitudes
35° and 44°N (Krestov et al. 2010, Ogureeva et al. 2012)
(Fig. 1). The region falls within the cool-temperate zone
of the Global Bioclimatic Zoning system (Box 2016) and
experiences a monsoonal variant of the humid continental
climate, as classified by K&ppen climate classification (Peel
et al. 2007). The Warmth Kira Index (WKI), a metric
strongly correlated with vegetation distribution in maritime
Asia (Kira 1949), is defined as the sum of monthly mean
temperatures exceeding +5°C ranging from 52.6 to 62.3°C
across the study area. Precipitation is concentrated in the
summer months (July—September), while winters are cold
and characterized by shellow snow deposits, dominated by
continental air masses (Peel et al. 2007).
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Vegetation data

For the analysis, we used 75 original ve-
getation relevés collected between 2020 and
2022 in Primorye Territory, Russia. The re-
levés were collected from Land of the Leo-
pard National Park, Ussurisky Nature Re-
serve and various non-protected forest areas
(Fig: 1). The plot size of each relevé was 20
% 20 m, and the abundance of species was
estimated visually in percentages.

In addition to new original relevés, we
incorporated 264 previously published
and archival relevés of SMMFs and their
successional derivatives (Gumarova et al.
1994, Kim 1992, Petrunenko & Dzizurova
2024). Archival data were sourced from:
Botanical Garden-Institute FEB RAS
(1972-2006, unpublished) (G.E. Kuren-

Figure 1 Study area. The dots on the maps represent the locations of the relevés

According to the Vladivostok weather station (43.12°N
131.92°E, 189 m asl, WMO code 31960), the average dai-
ly maximum temperature and average precipitation during
the warmest month (August) are +23.0°C and 153.0 mm,
respectively, while during the coldest month (January), they are
-16.3°C and 15.0 mm in the northern part of the study area.
According to the Gangneung-si weather station (37.75°N
128.89°E, 27 m asl, WMO code 47105), the average daily
maximum temperature and average precipitation during
the warmest month (August) are +28.6°C and 292.9 mm,
respectively, while during the coldest month (January), they are
-2.7°C and 47.9 mm in the southern part.

The dominant soil type in SMMF areas is brown forest
soil (Semal 2007, Boyarkin & Kostenkov 2009, Kwon et al.
2021), classified as shallow and weakly developed mineral
soils according to the World Reference Base for Soil Re-
soutrces (Mantel et al. 2023).

In the northern part of their range, SMMTF's are primarily
found in lower montane belts, reaching elevations of up to
400 m a.sl. (Vasilyev & Kolesnikov 1962). In contrast, in the
southern part of the range, they occur at higher elevations, typi-
cally in upper montane zones and deep valleys, often exceeding
1000 m a.sl. (Kim 1992, Kolbek et al. 2003, Cerny et al. 2015).

SMMFs have undergone extensive anthropogenic distur-
bances, particularly over the past century (Krestov & Ver-
kholat 2003, Yu et al. 2010, Wang et al. 2021). As a result,
much of the original forest were replaced by secondary oak-
dominated forests of the alliance Dictamno dasycarpi—
Quercion mongolicae Kim ex Krestov, Dzizyurova et
Korznikov 2023, within the order Lespedezo bicoloris—
Quercetalia mongolicae Krestov, Song, Nakamura et
Verkholat ex Krestov, Dzizyurova et Korznikov 2023, and
the class Quercetea mongolicae (Dobrynin 2000, Kres-
tov et al. 20006). The secondary oak forests are characterized
by fire- and drought-tolerant mesic and xeromesic East Asian
forest species, adapted to withstand prolonged dry periods
(Krestov et al. 2000).

tsova, PV. Krestov, V.P. Verkholat), Insti-
tute of Botany CAS (2006-2018, unpub-
lished) (V. Bazant, T. Cerny, J. Dolezal).
Archive relevés encompass a broad geo-
graphical distribution, including: Russia (Kedrovaya Pad'
and Ussuri Nature Reserves, Vladivostok vicinity, Gorno-
Taezhnoe, Kravtsovka, and Mt. Livadiyskaya), North Korea
(Mt. Hyangjeokbong), South Korea (Odaesan and Deogyu-
san National Parks, as well as various non-protected fores-
ted areas). The nomenclature of vascular plants follows the
Plants of the World Online database (POWO 2025), except
for the use of Acer mono Maxim. instead of _A. pictum Thunb.

The relevés were compiled into a database using the
Turboveg program (Hennekens & Schaminee 2001). For
classification analysis, we selected 227 relevés of SMMFs
based on the presence of diagnostic species from the orders
Tilio amurensis—Pinetalia koraiensis and Aceri
pseudosieboldiani—Quercetalia mongolicae,
along with their subordinate syntaxa.

We compared the species richness of zonal SMMFs
with their derivative communities, which have widely repla-
ced the primary SMMFs and are classified within the or-
derLespedezo bicoloris—Quercetalia mongolicae
and the alliance Dictamno dasycarpi—Quercion
mongolicae. For this comparison, we selected 77 rele-
vés from the alliance Dictamno dasycarpi—Quercion
mongolicae, representing secondary broadleaved forests
dominated by Quercus mongolica. These relevés excluded late-
successional stages where species from diagnostic com-
binations of SMMFs had begun to reappear. A total of
35 transitional relevés containing diagnostic species from
the primary Tilio amurensis—Pinetalia koraiensis
and secondary Lespedezo bicoloris—Quercetalia
mongolicae were excluded.

To characterize habitat conditions, we calculated mot-
phometric topographic indices using 30-meter resolution
elevation data from the Shuttle Radar Topography Mission
(SRTM) (Watkins 2018):

TPI — Topographic Position Index (Weiss 2001);

TWI — Topographic Wetness Index (Beven & Kirkby
1979);

Botanica Pacifica. A journal of plant science and conservation. 2025. 14(1):145-169 147



Dzizyurova et al.

MRVBF — Multiresolution Index of Valley Bottom
Flatness (Gallant & Dowling 2003);
MRRTF — Multiresolution Index of Ridge Top Flatness
(Gallant & Dowling 2003).
The calculations were performed in the SAGA GIS
software (version 9.3.2; Conrad et al. 2015).
Additionally, we incorporated climatic indices derived
from the WorldClim v. 2.0 global climate model (Fick &
Hijmans 2017):

WKI — Warmth Kira’s Index (Kira 1949);

IC — Continentality Index (temperature difference
between the warmest and coldest months);

Pn — Precipitation Negative Index (total precipitation
in months with an average temperature below 0°C,
indicating snowfall);

Pp — Precipitation Positive Index (total precipitation
in months with an average temperature above 0°C,
indicating rainfall).

Classification and ordination

We classified the relevés using the JUICE 7.0.84 program
(Tichy 2002), combining species cover values from different
vegetation layers into a single dataset. To group relevés
with similar floristic compositions, we applied the modified
TWINSPAN algorithm (Role¢ek 2009) with the following pa-
rameters: pseudospecies cut level — 10, threshold values — 0,
0.1, 0.3, 0.5, 1, 5, 15, 25, 50, 75, minimum group size — 2,
specified number of clusters — 6, and the Simpson similarity
measure. We then refined the classification using a second
TWINSPAN analysis (Hill 1979) on the individual clusters ob-
tained in the initial step. The results were compared with exis-
ting classification schemes and manually adjusted as necessary.

For each cluster, we calculated species fidelity values
using the phi coefficient (Chytry et al. 2002), with adjust-
ments based on Fisher's exact test (p > 0.05). Species pre-
sence/absence data were used, and all clusters were scaled
to equal size. Diagnostic species were identified based on
fidelity values (phi = 0.30) and constancy class (= II). We
used a unified diagnostic species list without differentiating
between characteristic and differentiating species.

The final classification consisted of eight clusters of re-
levés, as further subdivision did not yield clear syntaxonomic
or ecological distinctions. We refined the ecological speci-
ficity of species based on the Regional Ecological Scales for
Primorye Territory (Timoschenkova & Komarova 2001),
the summary Vascular Plants of the Soviet Far East (Khar-
kevich 1985-1996), and the online resource Flora of China
(Brach & Song 2000).

We present the classification results in a synoptic table
using a standardized 5-point frequency scale with equal
intervals. New syntaxa are described following the Inter-
national Code of Phytosociological Nomenclature (ICPN)
(Theurillat et al. 2021). Vegetation relevés for newly de-
scribed syntaxa are presented using the Braun-Blanquet
(1964) species cover scale, with an additional category “t”
for single individuals (Dengler & Dembicz 2023): r = single
individuals, 0.1 %; + = 0.2-1.0 %; 1 = 2-10 %; 2 = 11—
25 %; 3 = 26-50 %0; 4 = 51-75 %; 5 = 76100 %.

To explore ecological differentiation among syntaxa, we
performed non-metric multidimensional scaling (NMDS)

of relevés using the metaMDS() function from the vegan
2.5-6 package (Oksanen et al. 2022) in the R software en-
vironment (R Core Team 2024). We applied 999 iterations,
used Bray-Curtis dissimilarity as the distance measure,
transformed the species cover matrix using Wisconsin
double standardization, and selected half-change units for
the 2-axis ordination space.

We assessed correlations between morphometric relief in-
dices and climatic variables with the distribution of relevés
using the envfit() function from the vegan package, visualizing
results as vector projections onto the NMDS ordination.

Additionally, we performed NMDS to phytosocio-
logically compare associations of the alliance Carpino
cordatae—Abietion holophyllae (described in this
study) with previously published Quercetea mongo-
licae associations. The input matrix was based on species
constancy class values from our own synoptic table and
from the dataset published by Krestov et al. (20006).

Diversity analysis

For all syntaxa with at least 10 standard 400 m? plots,
we calculated o-, 3-, and y-diversity indices of vascular plant
species following Whittaker (1972). For the forest types in
Korea, we only calculated the community-specific species
pools (y-diversity) because the relevés in Korea were con-
ducted on plots ranging from 100 to 1000 m?. Direct com-
parisons of richness across these datasets were not appro-
priate due to significant differences in plot sizes.

We calculated a-diversity as the number of species re-
corded at each sampling point. To reflect the number of
dominant species within each syntaxon, we also calculated
Shannon's diversity index (H'), using the formula:

H' = —Zpl XlOglObpl
i

where pi is the proportional abundance of species i, and b
is the logarithm base. The index was calculated using the
diversity() function from the R vegan package.

For B-diversity, we calculated the distance matrix using
Jaccard and Serensen indices from the Podani family (Poda-
ni & Schmera 2011), as well as their quantitative equivalents
(Ruzicka's index and Bray-Curtis distance) (Legendre & De
Caceres 2013). The B-diversity was further decomposed into
its replacement and richness difference components (LLegendre
2014), using the beta.div.comp() function in R vegan package.

To estimate y-diversity, we assessed both observed and
predicted community-specific species pools. The predicted
species pool helps estimate the total species diversity, inclu-
ding dark diversity — species that could potentially inhabit a
particular habitat under suitable conditions but are currently
absent (Lewis et al. 2017). The predicted species pool (Sp)
was calculated using the following formula:

2
ay N-1
== 4 x —
Sp =S50+ 2as

where So is the observed number of species, a1 and @
represent the number of species occurring in only one
or two plots, respectively, and N is the number of relevés
in the group (Chao 1987). This was computed using the
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specpool() function from the R vegan package.

We compared a- and y-diversity of SMMF's with the di-
versity of their successional derivatives — mixed broadleaved
and monodominant oak forests.

To visually compare species richness and environmental
conditions among syntaxa, we utilized box-and-whisker
plots, histograms, and radar charts created with the ggplot2
package in R.

RESULTS

Communities identified

We identified 8 distinct clusters of relevés, classified
into four associations and four subassociations within the
alliance Carpino cordatac—Abietion holophyllae,
the order Tilio amurensis—Pinetalia koraiensis, and
the class Quercetea mongolicae (Table 1). However,
two clusters could not be assigned to specific syntaxa due
to the limited amount of data available. These clusters wete
described in general terms, based on the diagnostic taxa
identified for each.

Magnolia sieboldii-Abies holophylla forest community

Diagnostic taxa: _Abies holophylla, Acer komarovii, Acer
uknrunduense, Ainsliaea acerifolia, Arachniodes miqueliana, Aristo-
lochia manshuriensis, Disporum smilacinunm, Enonynius oxyphyllus,
Hepatica nobilis var. japonica, Magnolia sieboldii, Meehania nrti-
ctfolia, Neillia incisa, Rhbododendron schljppenbachii, Sasamorpha
borealis, Symplocos sawafutagi, Toxicodendron trichocarpum, Tripte-
rygium regelii, Viburnum wrightii, Viola diamantiaca.

Description: This forest community type represents the
southern variant of SMMFs, characterized by Magnolia

>
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-2 600
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sieboldii in the tree layer and Sasamorpha borealis in the under-
story. The observed community-specific species pool
contains 150 species, while the predicted species pool is
200 £ 19 species. These communities are typically found
in the upper mountain belts, at elevations ranging from 650
to 1140 m a.s.l,, and are situated on steep (30-35°) western
(and occasionally northeastern) slopes (Fig, 2).

Carex drymophila—Abies holophylla forest community

Diagnostic taxa: Abies holophylla, Artemisia sylvatica, Carex
drymophila, Carex pediformis, Elentherococcus sessiliflorns, Galinm
spurinm, Iris uniflora, Malus sieboldii, Mublenbergia japonica,
Philadelphus  schrenkii, Polemonium villosum, Pyrola japonica,
Syringa oblata subsp. dilatata, Thalictrum tuberiferum, Trigonotis
radicans vax. sericea, Viburnum opulus subsp. calvescens, Vicia
ramuliflora, Viola collina.

Description: This forest community type is primarily dis-
tributed across the Korean Peninsula. The cluster includes
9 archival relevés from South Korea (Baengnyeonsa, Deo-
gyusan) and 2 from North Korea (Hyangjeokbong). The
observed community-specific species pool contains 159
species, while the predicted species pool is 211 & 20 species.
The relevés were recorded at low elevations, ranging from
75 to 250 m a.s.l,, on slopes with varying steepness (5-25°)
and exposition (Fig, 2). The community is characterized by
species with diverse ecological preferences, and may exhibit
artificial boundaries due to limited data.

Filipendulo palmatae—Juglandenion
mandshuricae suball. nov. (Table Al in Appendix 1,
relevés 1-20)

Holotypus (nomenclatural type) — Onocleo struthio-
pteridis—Juglandetum mandshuricae Petrunenko et
Dzizurova 2024 nom. mut. (see below).

Diagnostic taxa: Aconitum alboviolacenm, Ane-
monoides  glabrata, Athyrium  crenulatoserrulatum,
Brachybotris paridiformis, Carex accrescens, C. uda,
Clemaltis fusca, Dioscorea nipponica, Filipendula pal-
mata, Impatiens fuurcillata, Juglans mandshurica, Ono-
clea struthiopteris, Oxalis obtriangulata, Phellodendron
amurense, Phlomoides maximowiczii, Sanicula rubri-
flora, Stellaria bungeana, Veratrum daburicnm.

Species composition and structure: The fo-
: rest stand is polydominant, composed of two

—_ $
2.0J 3.0A

1. MA 4.RB 5. MS

6.CD

to three tree layers. The first tree layer (20-27 m
tall) includes the most common species: Abzes
holophylla, Frasinus mandshurica, Juglans mandshuri-
ca, Phellodendron amurense, Pinus koraiensis and Tilia
anmmrensis. 'The tallest trees in this layer include
Abies holophylla and Pinus koraiensis, which may
extend above the first layer. The second tree

layer (12-15 m tall) is composed of _Acer mono,

A. psendosieboldianum and Syringa reticnlata subsp.

| anmrensis, along with undergrowth species from

D e BE T
1. MA 2..0J

3. QA 4.RB 5. MS

o

Aspect

25 135
180 180

1.1. MA 2.0J 3.QA 4.RB 5.MS
Syntaxa

Figure 2 Position of communities in the landscape. Syntaxa: MA —Mitello nudae—
Abietetum holophyllae; O] — Onocleo struthiopteridis—Juglandetum
mandshuricae; QA — Querco mongolicae—Abietetum holophyllae; RB
—Rhododendro mucronulati-Betuletum schmidtii; MS — Magnolia sieboldii—

Abies holophylla; CD — Carex drymaphila—Abies holophylla

6.CD the first tree layer. The third tree layer (8—10 m

tall) includes Acer mono and Carpinus cordata. The
shrub layer (0.5-4.5 m tall) is highly diverse, with
species such as Exonymus alatus, E. verrucosus,
E. macropterus, I onicera praeflorens, 1. maafkii, Berberis
anrensis, Corylus sieboldiana vax. mandshurica, Elen-
therococcus - senticosus, Philadelphus - tenuifolius, Ribes
maximoviedt, Viburnum sargentis, Weigela praecox,
Zabelia biflora and others. The herb layer has an
average cover of 50 %, with common mesophy-
tic species such as Carex accrescens, C. auricnlata,
Diarrbena  mandshurica, and Onoclea  struthiopteris.
Mesohygrophytic species such as Carex uda, Car-
damine lencantha, Filipendula palmata, Sanicnla rubri-
Sflora, and Impatiens furcillata are also significant.

6.CD
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Table 1. Combined synoptic table of frequency class and fidelity (phi

coefficient X 100, upper indices) for SMMFs. Abbreviations: D.d.—
Q.m. — the species is also a diagnostic species of the alliance Dictamno

dasycarpi—Quercion mongolicae;

Q.m. — the species is also a

diagnostic species of the class Quercetea mongolicae

Syntaxa number 1 2 3 4 5 6 7 8
Number of plots 11 11 24 16 16 36 31 82
Comm. “Magnolia sieboldii-Abies holophylla”
Alinsliaea acerifolia wvoe - : .
Tripteryginm regelii A : :
Euonymus oxyphyllus TI17%9) : .
‘ngmmp/m}gorm/if 119 : : :
Magnolia sieboldii 1I16en : I :
Rbododendron schlippenbachii | 1117 : I .
Viburnum wrightii TT¢+) : : :
Viola diamantiaca TI1¢09 I : 1
Hepatica nobilis var. japonica — [II1°'9 : 1049 1
Acer komarovii TIT¢#49 : I 1 1
Meehania urticifolia 11670 : : : :
Toxicodendron trichocarpum 167D : :
Disporum smilacinum 1639 I .
Arachniodes miqueliana 117 : :
Aristolochia manshuriensis 117 :
JS\T ez'//z'/a incisa ) ﬁgzg .
Symplocos sawafutagi : : :
%f@fﬂkﬂmﬂdﬂémég 11619 1o 1
Comm. “Carex drymophila—Abies holophylla”
Carex drymophila : O3] . : 1
Thalictrim tuberifernm - V@O : I
Philadelphus schrenkii 119 |Vl : :
Syringa oblata subsp. dilatata - Vo : : : :
icia ramuliflora V&N 1 I I 1 e 1
Carex pediformis II179 : : : : :
Trigonotis radicans var. sericea 1109 : : :
Mublenbergia jz?)oﬂifd 11639 : : 1
Viburnunt opulus ssp. calvescens e - : : I
Galium spurium M1 1026 . : :
Pyrola japonica (Q.m.) | - 1 1 1 1 1
Gola collina I Qe 1 1 1 I 1
Polemonium villosum B § (S : : : :
Iris uniflora -+ |II%D :
Malus sieboldii I (o) - 1
Artemisia sylvatica - II*Y) T : : : : :
Elentherococens sessiliflorus I [IIe9] 1 : : I I I
Ass. Onocleo struthiopteridis—Juglandetum mandshuricae
Brachybotrys paridiformis I : @a 1 I 1
Stellaria bungeana . - Vee T I Iy 1
Phlomoides maximowiczii Voo | I . 1
Oxalis obtriangnlata Ve ] 1 I 1
Geum aleppicum 167 1 . 1
Lonicera maackii 11 11 1 . 1
Viiola acuminata 1 I [y 1 . I 1 1
Ranunculus japonicus : SO . . I .
Pseudostellaria japonica e . . . .
Chrysosplenium sinicum o) . 1 . I
Geranium wilfordii . 1 [ . . . 1 1
Ass. Fraxino mandshurici—Abietetum holophyllae
Equisetum hyemale I [VvTn] - 1 1 1
Alnus birsuta I |[IVP] - : I I
Carex dispalata MO8 Ve |- 1 : :
Prunus padus : I I Ve - : 1 I
Trigonotis radicans : I Tvesn - I 1 1
Lilsum distichum I Ive9 1 1 11 1
Caltha palustris 109 fess . 1 1 -
Trisetum sibiricum < |IIG) : 1 1
Carex umbrosa ssp. pseudosabynensis ey | - 1 I :
Platanthera metabifolia 1% : :
Lychnis fulgens S O] - : 1 :
P/yeﬂm ermum nralense : I |12 - I Y I
Pedicularis resupinata I 1 (s - 1 1 :
Suball. Filipendulo palmatae—Juglandenion mandshuricae
Sanicula rubriflora . V&S 1 : 1 1 11
Filipendnla palmata . 1 [V@OTVe) . 1 1I 1
Carex accrescens . - IV - 1 I 1
Juglans mandshurica I V&9 veto 1 I 1veD 11
A%/y/m/m crennlatoserrulatum < [I®d 11 : 1 1 1
Onoclea struthiopteris - [MI®ITVESI - I O 1
Phellodendron ammnrense I [III®D V@) 1 1 I 1
Dioscorea nipponica 1 [IIteITVeEso - o o 1
Carex uda - [IICM TIIC89) 1 I :
Aconitum alboviolaceum 11363 TI1G32 1 1 1
%/mpaiz'em furcillata 19 11689 1 I I
eratrunm daburicnm : R S i 8 () 1 I :
Clematss fusca : 1 |10 11e8D 1 1 1
Anemonoides glabrata . : I 11629 1 1 1
150

Observed community-specific species pool — 325
species. Predicted species pool — 460 £ 40 species.

Ecology: Communities are typically found on
river terraces, close to floodplains. They occupy
flat areas or gentle slopes (average slope of 2°)
with sufficient or even excessive moisture. The
relevés were conducted at elevations ranging
from 47 to 226 meters above sea level.

Distribution: Found in Russia, but can also
occur in northeastern China near the Russian
border and in North Korea.

Onocleo struthiopteridis—
Juglandetum mandshuricae
Petrunenko et Dzizurova 2024 nom. mut.
nov. (Table Al in Appendix 1, relevés 1-10),
replaced name — Matteuccio struthiopteridis—
Juglandetum mandshuricae Petrunenko et
Dzizurova 2024

We performed a name mutation, according to
Article 45 of the ICPN, as Mattenccia struthiopteris
(L) Tod. (first published in 1866 in Giorn. Sci.
Nat. Econ. Palermo 1: 235) is a late synonym of
Onoclea struthigpteris (1..) Roth (first published in
1794 in Ann. Bot. (Usteri) 10: 54) (POWO 2025).
According to the principle of priority, the eatlier
valid name should be used as the name-giving
taxon (Theurillat et al. 2021).

Nomenclatural type — relevé 13 in Table 7
on p. 106 in Petrunenko & Dzizurova (2024)
(= relevé 10 in Table Al in Appendix 1).

Diagnostic taxa: Brachybotris paridiforniis, Chry-
sosplenium sinicum, Geranium wilfordiz, Geum allepi-
cum, Lonicera maackii, Oxalis obtriangulata, Phlomoi-
des maximowiczii, Pseudostellaria japonica, Ranun-
cutlus japonicus, Stellaria bungeana, V'iola acuminata.

Species composition: The observed species
pool contains 273 species, and the predicted
species pool is 360 £ 26 species. The average
a-diversity is 67 £ 12 species per 400 m?
Ecology: Communities of this association
occupy river terraces, near floodplains, with
sufficient moisture that is not excessive.

Distribution: Found in Russia, but can also
occur in northeastern China near the Russian
border and in North Korea.

Fraxino mandshurici—Abietetum
holophyllae Gumarova, Prokhorenko,
Verkholat ex Krestov, Dzizyurova et
Korznikov 2023 (Table Al in Appendix 1,
relevés 11-20)

Nomenclatural type — relevé 22 in Table 6 on
pp- 111-117 (Krestov et al. 2006) (= relevé 14 in
Table A2 in Appendix 1).

Diagnostic taxa: Alunus hirsuta, Caltha palustris,
Carex dispalata, C. umbrosa subsp. pseudosabynensis,
Equisetum hyemale, Lilinm distichum, Lychnis fulgens,
Pedicularis resupinata, Platanthera metabifolia, Prunus
padus, Trigonotis radicans, Trisetum sibiricum.

Synonyms: Fraxino mandshurici—Abie-
tetum holophyllae Gumarova, Prokhoren-
ko et Verkholat, 1994, nom. ined.; Fraxino
mandshurici—Abietetum  holophyllae
Gumarova, Prokhorenko et Verkholat ex Kres-
tov, Song, Nakamura et Verkholat, 2006, nom.
inval. (30, 5a).
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Table 1. Continued.

Syntaxa number

Ass. Rhododendro mucronulati-Betuletum schmidtii

Betula schmidtii
Rhododendron mucronnlatum
Carex callitrichos vat. nana (D.d.~Q.m.)
Weigela florida
Halosciastrum melanotilingia
Lespedeza bicolor
Artemisia keiskeana
Calamagrostis arundinacea
Pyrola renifolia

Symnocarpinm dryopreris

Ass. Mitello nudae—Abietetum holophyllae

Lamium album ssp. barbatum

Hylodesmnm podocarpnm ssp. oxyphyllum
ireaea alpina

Urtica thunbergiana

Chrysospleninm pilosnm vax. valdepilosm

Actinidia pohgama

Mitella nuda

Athyrium monomachi

Picea jezoensis

Chelidonium asiaticnm

Abies nephrolepis

Subass. Querco mongolicae—Abietetum holophyllae

oxalidetosum acetosellae

Athyrinm spinulosum
Paconia obovata
Dryopteris expansa
Lathyrus bumilis
Campannla punctata

Subass. Querco mongolicae—Abietetum holophyllae t
Querco mongolicae—Abietetum holophyllae and

Ass.

cordatae—Abietion holophyllae

Dryopteris crassirbizoma
Cgpgnm cordata (6m)
Abues holophylla
Kalopanax: septenlobus
Acer barbinerve

Acer mandshuricum
Carex ussuriensis
Viburnum sargentii

Ortd. Tilio amurensis—Pinetalia koraiensis

Acer tegmentosum

Aegopodinm alpestre

Berberis amurensis

Betula costata

Carex anriculata

Convallaria keiskei

Corylus sieboldiana var. mandshurica
Diarrbena mandshurica
Elentherococcus senticosus
Euonymus verrucosus

Frascinus chinensis ssp. rhynchophylla
Philadelphus z‘muyg/z'm

Pinus koraiensis

Schisandra chinensis

Syringa reticnlata ssp. amurensis
Thalictrum filamentosum

Tilia amurensis

Ulmus laciniata

Viiola selkirkii

Waldsteinia maximowicziana

Class Quercetea mongolicae

Acer mono

Acer pseudosieboldiannm
Actinidia argnta
Alniaria a/mé’a/z'a
Athyrinm yokoscense
Carex siderosticta
Maianthemum dilatatum
Maianthenum japonicum

Quercus mongolica

Constant and indifferent specie

Aconitum sczukinii
Aconitum stolonifernm
Actaea asiatica
Actaea daburica
Actinidia kolomikta
Adiantum pedatum
Adoxa moschatellina
Anenonoides udensis
Aralia elata
Arisaema amurense

1 2 3 4 5 6 7 8
I . . . (84.49) . I
1 . 1 . V(82.(>) 1 1
1 : 1 T |Vves| 1 I 1
. . 1 - |[T1664) 1
. . . 11(47.5) .
| u®s| 1 1 1
IS N S R |
1 . . 11(33.‘)) 1 1
. . . 1 (31.4) 1 1 1
I I T 1] 1 I I
. III(ZO) 1 . V(SO.9) 111 1
. . . . . Iv(68.7) 1 11
: 11 1 1 1 VT 11
. . 1 . . III(S?A) 1 1
. II(ZO,S) . III(43.8) . 1
1 : 1 19 1 1
: II 1 TIeen 1 1
. . 11679 . 1
. I II(51.1) I
1 . . 11(44.2) . 1
1 1 T [I®)] 1 1
I 1 1I I I IV 11
1T : 1 : I |IIe®| 1
: 1 I 1 I QI 1
: 1 : : T |IIesd) 1
11 1 1 T [Ie*d] 1
icum,
. Carpino
0 IV IV V¥ 1 V@2 [y VO
V V IV IV I VU Y v
\ v IV Vv IV V (0.5
1T 1 I I I I Ve e
111 V (22.5) o V(ZO.Q) IV
: II V@O vy®) . yey T III
V(35.9) V(23.8) I IV(21.7) IV(20.7) II
o IV(ZZ.Z) V(35) 1 111 V(37.2) 11
I mr I I I1mv v vV IV©E2
: A 1 11 T T
I I IO*9 11 I I TIeth 11
: : IIr vesn - IV Ve 1
V(Z}.l) V(30.9) I V(29.4) V(ZSA‘)) IV
- VeSS T IV I I v®d I
m ved 11 1Iv IV O IV 11
: I ves 1V : I TVe TII
Iv v 'V - VE) 1V
VG 2N U G 00 SR 0 B U O AVACCR U
Inr 1v.- 1 Il II I V&9 TII
. . V V(ZS,‘)) 11 V(28.9) V(26.4) V(17.4)
Iv. Vv oI IV IV Ve 1v vib
: vV I ved v v oveh 1y
. . V V(34) I 27.7) (29.1)
11 \ \4 \ I V&2 vy
V. V VvV VvV V a19
I I W IV - VOIVeD) III
I 1 I Iy I V2 Iy 1V
L IVE9 I1 QY T 1 I®9 1
I VvV VvV VvV W V® Vv V&
\ v 11 1V Vv \ Vv Vv
Ir 1II I IV®Y 1 II IV 11
1 v 1 I I I ve™® 111
1T 1 11 I 1O*Y I 11 1
v Vv Vv V V S %
: : 11 1 I v T1 - 11
. 1 III(l‘).S) V(51.7) . 1(15.6) 1
V. V IV 1V VU JII V®B9 [V
. III(lS.l) V(55.5) Iv(%.()) 1
19 men 1001
1 I 1V 1 1 IIr - III
I 7 1162 1 T TIM% 1
1 v 1I Vo I V) yes 1y
II 1I 11 I Ve I I
: I e T 1% 1
. . 11(31) II(l&T’) 1 1
Iy 1 1 s 1 1
11 I V& Ve 1 Iv I
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Diversity of the South Manchurian mixed forests

Species composition: This association is dis-
tinguished from the previous one by the com-
position of the herb layer, which includes
hygrophytes with a broad distribution range,
such as Caltha palustris, Equisetum hyemale, and
Pedicularis resupinata. Other common species in-
clude Asparagus schoberioides, Clematis fusca, and
Filipendula glaberrima.

Observed community-specific  species  pool
— 228 species. Predicted species pool —
285.6 £ 21.5 species.

Ecology: Communities of this association are
characteristic of moist habitats, typically found
on gentle slopes with northern and eastern
exposure or on flat areas in the lower parts of
river terraces, near floodplains.

Distribution: Found in Russia, but can also
occur in notrtheastern China near the Russian
border and in North Korea.

Note: We did not calculate a- and B-diversity
for this association because it was characterized
using relevés with varying plot sizes (ranging
from 400 to 2500 m?). We also did not analyse
the landscape-level distribution of these com-
munities due to the absence of exact coordinates
in most relevés.

Rhododendro mucronulati—
Betuletum schmidtii Petrunenko et
Dzizurova 2024 (Table A2 in Appendix 1,
relevés 1-20)

Nomenclatural type — relevé 9 in Table 6
on p. 105 (Petrunenko & Dzizurova 2024) (=
relevé 13 in Table A2 in Appendix 1).

Diagnostic taxa: Artemisia keiskeana, Betula
schmidtii, Calamagrostis arundinacea, Carex: callitri-
chos var. nana, Gymnocarpinm dryopteris, Halosciast-
rum melanotilingia, Lespedeza bicolor, Pyrola renifolia,
Rhododendron mucronulatun, Weigela florida.

Species composition and structure: The fo-
rest stand typically consists of two layers. The
first tree layer (12—28 m tall, mean 20 m) is do-
minated by Betula schmidtii and Quercus mongo-
lica, often accompanied by Betula pendula subsp.
mandshurica. The second tree layer (10-14 m tall,
mean 12 m) is often dominated by Acer pseudosie-
boldianum, ~with Abies holophylla, Carpinus cordata
and Tilia amurensis as accompanying species.
The shrub layer (2—4 m tall) is dominated by
Rhododendron mucronulatum. Other shrub species
are less significant, but common ones include
Corylus sieboldiana var. mandshurica, Enonynius ver-
rucosus, Lespedeza bicolor, and Weigela florida. The
herb layer is characterized by sedges, with Carex
callitrichos var. nana and C. siderosticta forming the
background. Other common species include
Artemisia keiskeana, Halosciastrum melanotilinga,
and young Schisandra  chinensis plants. The
average cover is 22 %, which is low.

Observed community-specific species pool —
111 species. Predicted species pool — 161 £ 20
species. The average o-diversity is 29 £ 11
species per 400 m* (300 m® in cases of smaller
sample plot area).

Ecology: These communities are found in the
upper and middle parts of steep (up to 35°)
and moderately steep (10-20°) northwest- and
northeast-facing slopes, as well as rocky ridges
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Table 1. Continued.

Syntaxa number 1 2 3 4 5 6 7 8
Artemisia argyi var. argyi 11 - NERNERED 19 1
Aruncus diowcus . I o ves 1 1gto 1o I
Asarum sieboldii I v IV IV 1 V® IV 1V
Asparagus schoberioides : 103 qresn . 1 1 .
Aster scaber 1 . 1129 1 1% [
Astilbe chinensis 111 - V@IV R I I 1
Athyrium sinense . . IR VAGE I B A VSRV 1§ |
Betula pendnla ssp. mandshurica 11 I I0®9 11 I % 1
Cardamine lencantha : I IVA79 e or vedy 11
Carex lanceolata 1 I 11 I e+ 1 Iues 1
Carex quadriflora : : oI m I m® I I
Carex rhizina subsp. reventa . VE2s T VeI 11
Cgulop/_y/ztm robustum - IIIeND YD U I 11
Chrysosplenium pilosum I I 162 e 1
Cirsium schantarense 1 I 1IVG6e2 1 11082
Deparia pyenosora I 112 vern I m 1
Deutzia parviflora var. parviflora 1 I 1v Ve yeon 111
Diarrbena fanriei 1 119 BRICER|
Dryopteris goeringianum . I 1II ImI® 11 1
Eunonymus alatns . Ve IIIa Ve I II9? 1
Enonymus macropterns s I I19%9 1 . 1 1
Euonymus sachalinensis I I I I I Ive” 11 1
Filipendnla glaberrima . . 11636 1 116 I
Fraxcinus mandshurica I I Ve y&Es 1 yesn I 101
Galinm davuricum 1 v @ V@OV T[T
Heraclenm dissectum TITEOH V@09 1 169 1
Hylomecon vernalis V&2 1V V&2 1V I
Impatiens noli-tangere . . III¢%2 11 COoIIme» 11 1
Isodon excisus 11 1 I 1ves 1 (64 1
Lonicera chrysantha . . Ve T III@AIIIC 11
Lonicera praeflorens . @H I I I IV IV@eY 111
Maackia amurensis I Ives 1 . 111 I11®
Mazanthenum bifolinm . \Y 11 v I V@ vy 1y
Nabalus tatarinowii . . I V&Y | I[I@9IVes 1
Osmundastyum cin ssp. asiationm . 1 I IV®d 11 1 IVeY 11
Oxalis acetosella . v 11 v I ven v IV
Parasenecio hastatus . I IVesTVesD o IVveED JII - 11
Parasenecio praetermissus I mur ur v 1 IVv® TIII  III
Paris verticillata . 111 T III@2 | Ivesa J1 1
Phegopteris connectilis . 11 I IV&9 11 T T 1
Phryma nana 1 V. oo I 1 Ve 1y Ve
Plagiorhegma dubinm AUGOREE T AL I IV®Y 11
Po[fwommﬂ chinense 11085 1 I 1670 1
Polystichum subtripteron . . 11169 14 11
Prunus mascimowiezii 11 11 . 111 R AVACE I I 1§ (S
Psendostellaria sylvatica . v 11 1V 1 vV V@&d 111
Pyrus ussuriensis 1 ) 1 T34 | 1 1@ T

anmnis davirica . 1 11087 qraes ) 1
Ribes mandshuricum I 11 1w . VEI V@2 1T
Ribes maximoviczianum 1 11 I V@Y I 11
Rubia chinensis I®2 1 N (EOR| 1
Rubia cordifolia . . I 11 . o 11 1
Rubus crataegifolius 1 1 I II®9 1 1 1 1
Saussurea subtriangulata . I 1Iv®o 1 I IVed T
Scutellaria fekz’nemz‘x Vat. UsSUTIensis . Iven 11 I I III1@%Y 11
Spiraea chamaedryfolia 11 1 162 1 1 II®Y 11

s davidiana var. 'a/)ym'm I I I II I [
Urtica dioica subsp. b/o osericea 1 1 11 I 11 1
Valeriana fauriei I V6 Tves) @y
Veronicastrum sibiricum 1 N I I 1
Viburnum sargentii . IVed ey 612 I
Vitis ammurensis I I Ve 1 ved ye&s9) 01

All. Dictamno dasycarpi—Quercion mongolicae
Angelica cincta . . 1 11 1 112 I
Buplenrum longiradiatum 1 1 . 1 . 1 1 1
Carex rhigina subsp. reventa . I IVe® T TVEIIII®d 11
Dictamnus dasycarpus 1 . . . . . 1
Fragaria orientalis e . 1 . I
Geranium maximowicii 1 1 I 1163
Hemerocallis middendorffii . . . . . 1 . 1
Pobygonatum involucratum I 11 1 . I TV TII 11

icia amurensis 13849 . . . . .
Viincetoxcicum ascyrifolinm TI¢84 i

All. Corylo heterophyllae—Quercion mongolicae
Codonapsis lanceolata 1 1 . . 1 1
Corylus heterophylla . . . . . 1
Polygonatum odoratum I . I I I
Potentilla freyniana . . . . 1
Spodiopogon sibiricus . 1 .

eratrum maackii 1 .

Other species
Amphicarpaea edgeworthii 1 11 . 1 I II@®9 T
Anemonotdes umbrosa 11 1 1 . I 11 1
Betnla dahnrica 1627 1 1 1 1 I 1
Celastrus flagellaris . 1 1 ) 1 11629 1
Lathyrus komarovii 11 1 1I 1 II®9 1
Lonicera maximowiczii . . i 1@ 1 1
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of watersheds. The sites are typically located
at higher elevations compared to other SMMF
associations in the Russian Far East. The relevés
were carried out at elevations ranging from 115
to 1029 m a.s.l.

Distribution: The communities are found in
Russia and the Korean Peninsula.

Mitello nudae—Abietetum
holophyllae ass. nov. (Table A3 in
Appendix 1, relevés 1-20)

Holotypus (nomenclatural type) — relevé 16 in
Table A3 in Appendix 1.

Diagnostic taxa: Abies holophylla, A. nephrolepis,
Actinidia pobygama, Athyrinm monomachi, Chelido-
ninm  asiaticnm, Chrysospleninm pilosum var. valde-
pitosum,  Circaea alpina, Hylodesmum  podocarpum
subsp. axyphyllunz, Lanzinm album sobsp. barbatuns,
Mitella nuda, Picea jegoensis, Urtica thunbergiana
subsp. thunbergiana.

Species composition and structure: The
forest stand is polydominant, formed by trees
of varying heights and comprises three layers.
The first tree layer has an average height of
29 m (ranging from 26 to 36 m). It is domi-
nated by broadleaved species such as Quwercus
mongolica, Tilia amurensis, and others, along with
temperate conifers like Abies holophylla and
Pinus koraiensis. Individual trees of _Abies holo-
Phylla and Pinus koraiensis can grow up to 40—
45 m, extending beyond the first tree layer. The
second tree layer (15-25 m) is formed by Acer
mono and boreal conifers such as Abies nephro-
lepis and Picea jezoensis, as well as younger in-
dividuals of species from the first layer. The
third tree layer (8-14 m) is mainly composed
of Carpinus cordata, with Acer pseudosieboldianum,
A. tegmentosum and A. wuknrunduense mixed in.
The shrub layer (0.5-1.5 m tall) is dominated
by Deutzia parvifiora, Eleutherococcus  senticosus
and Philadelphus tenuifolius with high constancy.
There are also young lianas like Actinidia spp.
and Scbisandra chinensis, although large lianas are
rare in these communities. The herb layer has an
average cover of 50 %. It includes species from
the South Manchurian flora, such as Aconitum
stolonifernm, Hylodesnum podocarpum subsp. oxy-
phyllum, Pobygonatum involucratum and others, as
well as some boreal species like Circaea alpina,
Dryopteris amurensis and Mitella nuda. Ruderal
species like Chelidonium asiaticum and Urtica thun-
bergiana subsp. thunbergiana are also present.

Observed community-specific species pool —
261 species. Predicted species pool — 324 + 20
species. The average o-diversity is 68 = 10
species per 400 m?.

Ecology: Unlike other SMMF associations,
which predominantly occupy northern and
north-western slopes, the Mitello nudae—
Abietetum holophyllae is found on
slopes of all aspects, except for the northern
one. These communities are typically found on
slightly sloping areas with an average gradient
of 7° The relevés were made at elevations
ranging from 191 to 450 m a.s.l.

Distribution: These communities are found in
Primorye Territory, closer to the northern limit
of the SMMFs.
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Table 1. Continued.

Diversity of the South Manchurian mixed forests

Querco mongolicae—Abietetum

holophyllae oxalidetosum

S}Z’\jlltlaxa number 1 2 3 (‘2‘4“ 5 6 7 8 acetosellae Gumarova et al. ex Krestov,
elica nutans . . I IIe . . 1 1 i i i
Ml eftusm ‘ i I O ' iy I gnzyl(l;m;a et1 quzlnfk;ar 2023 (Table A4 in
Mocehringia laterifiora A VI G I o I 1O 1 ppendix 1, relevés 11-20)
Osmorhiza aristata I : I R Nomenclatural type — relevé 19 in Table 6 on
Populus suaveolens . 1 1 0@n . 1 I . — relevé 16
Potentilla fragarioides 1 1m o111 1o i pp: 111117 (Krestov et al. 2000) (= releve 16 in
Prunus sargentii Ve I I Lo IOed 1 Table A4 in Appendix 1).
Symplocarpus renifolins . S G . . . . . . .
%/,ddga viroanred 11 ) I o 1o 1 m®e I Diagnostic taxa: Athyrium spinulosum, Canpa-
Tilia mandshurica I 11 1 1 1 1 I 118 nula punctata, Dryopteris expansa, Lathyrus humilis,
Viburnum burejaeticum . 1I 1 11 . 1 . 1 Paconia obovata
Vicia unijuga . I I I I I I ’
Viola orientalis : 1 I ess ) I Synonyms: Polysticho tripteron—Pinetum

Querco mongolicae—Abietetum holophyllae
Kim ex Krestov, Dzizyurova et Korznikov, 2023
(Table A4 in Appendix 1, relevés 1-20)

Nomenclatural type — relevé 17 in Table 6 on pp. 111-117
(Krestov et al. 2000) (= relevé 9 in Table A4 in Appendix 1).

Diagnostic taxa: Abies holophylla, Acer barbinerve, A. mand-
shuricum, ~ Carex  ussuriensis, Carpinus — cordata, Dryopteris
crassirhizoma, Kalopanax: septentlobus, Viburnum sargentis.

Synonyms: Campanulo punctatae—Quercetum
mongolicae Gumarova et al. 1994, nom. ined.; Polysti-
cho tripteron—Pinetum koraiensis Gumarova et al.
ex Krestov et al. ex Krestov, Dzizyurova et Korznikov 2023.

Species composition and structure: The forest stand is
polydominant with a mix of nemoral conifers like Abies
holophylla and Pinus koraiensis that extend beyond the main
canopy, reaching 40—-45 m in height. The first tree layer
(27-33 m tall) includes various broadleaved species like
Betula davurica, Fraxinus mandshurica, Kalopanax septemlobus,
Quercus mongolica, Tilia anmurensis, and T. mandshurica. The se-
cond tree layer (18-22 m tall) consists of Acer mandshuricum,
A. mono, A. tegmentosum, Alniaria alnifolia, and Prunus sargenti.
The third tree layer (8—14 m tall) is formed by Acer pseudo-
sieboldianum, Carpinus cordata and Fraxinus chinensis var. rhyn-
chophylla. The shrub layer (0.5-5.0 m tall) is well-developed,
with common species like Acer barbinerve, Corylus sieboldiana
var. mandshurica, Dentzia parviflora, Philadelphus tenuifolius, and
Lonicera praeflorens. Woody lianas are regularly encountered,
including Actinidia arguta, A. kolomikta, A. pohgama, S chisandra
chinensis and V'itis amurensis. The herb layer cover varies from
10 to 80 % depending on herbivore activity, and it consists
of species from the South Manchurian flora. The main
species in the herb layer include Carex lanceolata, Dryopteris
crassirhizoma, D. goeringiana, Hylomecon vernalis, Polygonatum
involucratum, V aleriana fauriei, V'icia subrotunda, and others.

Observed community-specific species pool — 371 species.
Predicted species pool — 447 * 22 species. The average
a-diversity is 55 £ 14 species per 400 m?

Ecology: Communities of this association occupy mainly
northern, northwestern, and northeastern slopes of mo-
derate steepness (5-15°), in areas with sufficient moisture.
These forests are found at elevations ranging from 65 to
389 masl.

Distribution: These forests occur in the southern foothills
of the Sikhote-Alin Mountains (Przhevalsky Mountains,
Livadiysky and Makarovsky Ridges), the Muravyov-
Amursky Peninsula (around the city of Vladivostok),
the Borisov Plateau, and possibly in North Korea. The
distribution of the association is currently limited to small
areas due to past fires, which have led to the formation of
monodominant stands of Quercus mongolica.

koraiensis caricetosum reventae Kim ex
Krestov et al. 2023.

Species composition: The observed commu-

nity-specific species pool is 249 species, and the

predicted species pool is 316 + 24 species.
Ecology: The communities of this subassociation repre-
sent SMMF's in the stages of post-fire succession, and the
species composition reflects the adaptation to these condi-
tions. It differs from the typicum subassociation by the pre-
sence of a complex of drought- and fire-resistant species,
such as: Betula davurica, Potentilla fragarioides, V'icia unijuga.

Distribution: Found in Russia, but can also occur in North
Korea.

Querco mongolicae—Abietetum holophyllae
typicum Kim ex Krestov, Dzizyurova et Korznikov,
2023 (Table A4 in Appendix 1, relevés 1-10)
Nomenclatural type — relevé 17 in Table 6 on pp. 111-117
(Krestov et al. 2000) (= relevé 9 in Table A4 in Appendix 1).
Diagnostic taxa: Abies holophylla, Acer barbinerve, A. mand-
shuricum, Carex ussuriensis, Carpinus cordata, Dryopteris crassi-
rhizoma, Kalopanax septemlobus, Viburnum sargentii. The diag-
nostic taxa are the same as those of the Querco mongo-
licae—Abietetum holophyllae.

Synonyms: Querco mongolicae—Abietetum holo-
phyllae aceretosum tegmentosae Kim ex Krestov et
al. 2023; Polysticho tripteron—Pinetum koraiensis
typicum Kim ex Krestov et al. 2023.

Species composition: The observed community-specific
species pool is 333 species, and the predicted species pool
is 434 £ 29 species.

Ecology: Communities of this subassociation represent mi-
nimally disturbed SMMFs on slopes of all aspects. These are
typical forest stands with no significant signs of disturbance.
Distribution: Found in Russia, but can also occur in North
Korea.

We depicted the diversity of SMMFs relevés in
Primorye Territory within the NMDS scatterplot (Fig. 3).
The axis NMDST1 represents a gradient of warmth and
moistute, which is influenced by the variability in relief.
The NMDST1 spans a sequence of associations, ranging
Rhododendro
schmidtii in the driest conditions to Onocleo stru-

from mucronulati—-Betuletum
thiopteridis—Juglandetum mandshuricae in the
most humid conditions. NMDS1 shows a strong positive
correlation with several variables: the Kira’s warmth index
(WKI) (NMDS1 = 0.99, p = 0.002), the valley bottom
flatness index (MRVBF) (NMDS1 = 0.99, p = 0.001), and
the topographic wetness index (TWI) (NMDS1 = 0.97,
p < 0.001). Additionally, NMDS1 shows a strong nega-
tive correlation with the topographic position index (TPI)
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Figure 3 Results of the non-metric multidimensional scaling
(NMDS) for phytosociological relevés (stress = 0.21), with the pro-
jection of environmental factor vectors: IC — Continentality Index,
Pp — precipitation sum in months with an average temperature above
0°C, TPI — Topographic Position Index, TWI — Topographic Wet-
ness Index. The length of each vector is proportional to the value of
the determination coefficient from the multiple linear regression of
the corresponding environmental indicator
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(INMDS1 = -0.99, p = 0.002). The associations Querco
mongolicae—Abietetum holophyllae and Mitello
nudae—Abietetum holophyllae occupy an interme-
diate position in the ordination diagram and show a high
degree of nestedness. The axis NMDS2 reflects a gradient
of continentality, with IC (continentality index) exhibiting
a strong positive correlation (NMDS2 = 0.92, p = 0.001),
while Pp (precipitation sum in months with positive tem-
peratures) shows a negative correlation (NMDS2 = -0.99,
p < 0.001). Pn (precipitation sum in months with negative
temperatures) and MRRTTF (ridge top flatness index) did
not show significant correlations with the ordination axes.

Floristic diversity

Alarge variation in a-diversity was observed in the zonal
communities of Querco mongolicae—Abietetum
holophyllae (55 £ 14 species per plot). These mesic
SMMFs include the highest observed number of species
(y-diversity). However, the communities are relatively hete-
rogeneous both in terms of species composition and species
contribution (B-diversity) (Fig. 4, Table A5 in Appendix 1).

The most floristically rich SMMF communities atre
Onocleo struthiopteridis—Juglandetum mand-
shuricae, occupying well-hydrated flatlands and gentle
slopes of floodplain terraces (67 £12 species per plot), and

Mitello nudae—Abietetum holophyllae,
found on sufficiently moist soils in the northern
part of the SMMF range (68 £10 species).

The tree layer of Onocleo struthiopte-
ridis—Juglandetum mandshuricae forests
exhibits the highest species richness, and Shannon’s
diversity index reflects polydominance (co-domi-

%—"'ﬁﬁ

Syntaxa nance of multiple species). In contrast, Mitello
i g? nudae—Abietetum holophyllae forests show
100 s i B QA relatively low canopy dominance. The communi-

- 3 1 1 . R ties are also the most homogeneous, as indicated

£ 7 $ by their low B-diversity (Fig. 4).

> . . .

S . We found the lowest a-diversity in Rhodo-

- 1 dendro mucronulati—-Betuletum schmidtii

< 2 forests with 30 £ 11 species of vascular plants.

However, there is high heterogeneity in species
composition within the described communities

G 04 0 . I 0 I 0 PiGeass of this association, as evidenced by the highest

g 03 .o .

> [ ] . | | Richness

< o5 = ] [ | I s Jaccard and S@rgnsen 1nd1Fes (Flg. 4).

© 01 o . The comparison of diversity between SMMFs
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gegyo gegygo geg§go gego phyllae) and their successional derivatives
3 A 55 55 (alliance Dictamno dasycarpi—Quercion

y —Qu
mongolicae) revealed that the observed y-diver-

. E E sity (species pool) of the Carpino cordatae—

2 400 S . .

2 E 0 = Abietion holophyllae in the Russian Far East

> 300 Richness . . .

= o ey comprises 460 vascular plant species (predicted:

serve K X A .
ézoo o £ E Expected 651 £ 50), increasing to 545 species (predicted:
$ 100 I 700 % 39) when including South Korean SMMF's. In

. MA oy QA RB contrast, the Dictamno dasycarpi—Quercion

Syntaxa

Figure 4 Biodiversity of syntaxa. MA — Mitello nudae—Abietetum ho-
lophyllae; O] — Onocleo struthiopteridis—Juglandetum mandshu-
ricae; QA — Querco mongolicae—Abietetum holophyllae; RB — Rho-

dodendro mucronulati—-Betuletum schmidtii

154

mongolicae forests show lower diversity, with an
observed pool of 381 species (predicted: 450 £ 9).
Mean o-diversity was also higher in the Carpino
cordatae—Abietion holophyllae forests (59
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Figure 5 Scatter and mean values of o-diversity of
SMMFs (Carpino—Abietion) and their derivatives
(Dictamno—Quercion)

species) than in the Dictamno dasycarpi—
Quercion mongolicae (51 species), con-
firming significantly greater species richness in
primary SMMFs (p < 0.05, Fig. 5).

SMMF communities consist of an average
of 7 * 3 tree species per site, and 9 + 5 shrub
and woody liana species. In contrast, secondary
deciduous forests are formed by only 3 £ 2 tree
species, and the shrub diversity in these sites
averages 7 * 5 species. Unlike the Carpino
cordatae—Abiction holophyllae forests,
lianas in secondary deciduous forests, with few
exceptions, do not extend into the tree layer.

DISCUSSION

SMMFs among other syntaxa of
the Quercetea mongolicae

We propose classifying the entire diversity
of SMMFs within the alliance Carpino cor-
datac—Abietion holophyllae, based on
the combination of diagnostic species. The
syntaxonomic position of the association Rho-
dodendro—Betuletum schmidtii was
undefined according to the vegetation clas-
sification of the Kedrovaya Pad' Nature Re-

Diversity of the South Manchurian mixed forests
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. Onocleo-Juglandetum Magnolia-Abies comm.
‘ Fraxino-Abietetum W Carex—Abies comm.
Querco-Abietetum —
%M't llo—Abietet Derivatives of SMMFs:
ftello-Abietetum Spodiopogono—Quercetum

<’5>Rhododendro—BetuIetum and Viti-Quercetum

Figure 6 NMDS for new associations (highlighted with symbols) compared with
previously described associations from the classes Quercetea mongolicae
and Querco mongolicae—Betuletea davuricae (stress = 0.11). The
numbers indicate alliances: Ord. Tilia amurensis—Pinetalia koraiensis: 1
— Rhododendro daurici—Pinion koraiensis, 2 — Abieti nephrolepidis—
Pinion koraiensis, 3 — Tilio amurensis—Pinion koraiensis, 4 —
Phrymo asiaticae—Pinion koraiensis, 5 — Carpino cordatae—Abietion
holophyllae; Ord. Aceri pseudosieboldiani—Quercetalia mongolicae:
6 — Rhododendro schlippenbachii-Quercion mongolicae, 7 -
Rhododendro mucronulati—Pinion densiflorae,8—Lindero obtusiloba—
Quercion mongolicae; Ord. Querco mongolicac—Betuletalia davuricae:
9 — Kitagawio terebinthaceae—Betulion davuricae, 10 — Ligulario
fischeri—-Betulion davuricae; Ord. Lespedezo bicoloris—Quercetalia
mongolicae: 11 — Corylo heterophyllae—Quercion mongolicae, 12 —
Dictamno dasycarpi—Quercion mongolicae

cies from the South Manchurian flora and more southern

serve (Petrunenko & Dzizurova 2024). We concluded to
subordinate the association to the alliance Carpino cort-
datac—Abiction holophyllae. The alternative solu-
tions, the Corylo heterophyllae—Quercion mongo-
licae and the Dictamno dasycarpi—Quercion mon-
golicae are not supported by the floristic analysis and the
diagnostic species combinations (Fig. 0).

We also examined two forest communities based on
archive data from the mountainous regions of South Korea.
High-altitude SMMFs with Sasamorpha borealis (Magnolia
sieboldii—Abies holophylla forest community) correspond to
the forest type that Cerny et al. (2015) proposed to classify
under the alliance Lindero obtusilobae—Quetrcion
mongolicae of the order Aceri pseudosieboldiani—
Quercetalia mongolicae. Cerny et al. (2015) also de-
scribed high-altitude SMMFs featuring a larger set of spe-

species such as Ainshiaca acerifolia, Magnolia sieboldii, and
Tripteryginm regelii (alliance Lindero obtusilobae—Quer-
cion mongolicae). The communities correspond to the
Carex drymophila—Abies holophylla forest community descri-
bed here. According to our data, these forests may be found
at relatively low altitudes of around 300-400 m a.s.L.

The NMDS results and diagnostic taxa analysis indicate
that the Carex drymophila—Abies holophylla forest community
should be subordinated to the alliance Carpino cordatae—
Abietion holophyllae (Fig. 6). The syntaxonomical
position of the Magnolia sieboldii—Abies holophylla forest
community is less clear, but we suggest considering
these forests within the Carpino cordatae—Abietion
holophyllae due to the large number of diagnostic taxa
from this alliance in the tree layer (Table 1, Fig. 6).
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We synonymize theassociation Querco mongolicae—
Abietetum holophyllae withPolysticho tripteron—
Pinetum koraiensis Krestov, Dzizyurova et Korznikov
2023, based on cluster analysis results, as they do not separate
into distinct groups and exhibit a high degree of floristic si-
milarity and ecological homogeneity. These conclusions were
based on the analysis of 113 geobotanical relevés covering all
parts of the Russian range of SMMF's. The NMDS diagram
(Fig: 0) reflects the similarity of the new associations of the
alliance Carpino cordatae—Abietion holophyllae
(No. 5, highlighted with symbols) with previously identified
associations of this alliance (No. 5 without contout).

We found parallels between our new classification
scheme with the forest types identified by Vasilyev & Koles-
nikov (1962). The association Mitello nudae—Abietetum
holophyllae corresponds to the Manchurian fir-mixed
forest type with Abzes nephrolepis (Fig, 7, I) described by Va-
silyev & Kolesnikov (1962). The subassociation Querco
mongolicae—Abietetum holophyllae typicum share
corresponds to the Manchurian fir-mixed forest type with
mixed shrubs and Beula costatawith Acer spp. and Philadelphus
tenuifolius (Fig. 7, 11, 111, VI). The subassociation Querco
mongolicae—Abietetum holophyllae oxalidetosum
acetosellae corresponds to Manchurian fir-mixed forest
type with Corylus spp. and Weigela florida (Fig. 7, IV). The
association Rhododendro mucronulati—Betuletum
schmidtii corresponds to Manchurian fir-mixed forest
type with Lespedeza bicolor and Weigela florida on well-drained
upper, steep slopes (Fig. 7, V). The association Onocleo
struthiopteridis—Juglandetum mandshuricae re-
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Figure 7 Structure and types of SMMFs in Russia (based on Vasilyev & Koles-
nikov 1962, Kolbek et al. 2003). Letters: a — Abies holophylla, b — A. nephrolepis,
— Pinus koraiensis, d — Quercus mongolica, e — Acer spp., f — Fraxinus mandshurica, g —
Betula spp., h — died Abies holophylla, i—iana, j — Carpinus cordata, k — 1 espedeza bicolor,
1 — Corylus spp., m — Weigela florida, n — fern. Plot type: I — drained upper parts of
slopes of all exposures and watersheds, IT — middle parts of moderately drained
gentle and moderately steep slopes of all exposures, 111 — moderately drained flat
areas of slopes (shown here is one of the stages of natural dynamics), IV —upper
and middle parts of drained slopes of vatious steepness of all exposures, V —
well-drained upper steep parts of southern slopes, VI — poortly drained slopes of
various steepness of all exposures, VII — drained steep slopes of river terraces,
VIII — gently sloped pootly drained areas of river valleys. Syntaxa: MA — Mitello
nudae—Abietetum holophyllae; QA — Querco mongolicae—Abietetum
holophyllae; RB — Rhododendro mucronulati-Betuletum schmidtii;
OJ — Onocleo struthiopteridis—Juglandetum mandshuricae; FA —

presents Manchurian fir-mixed forest type with Acerspp. and
Tmpatiens noli-tangere (Fig. 7, VII). The association Fraxino
mandshurici—-Abietetum holophyllae corresponds
to Manchurian fir-mixed forest type with Syringa reticulata
subsp. amurensis and Fraxinus mandshurica, occupying low
areas of river terraces inundated or briefly flooded by river
waters (Fig. 7, VIII).

SMMFs diversity

South Manchurian mixed forests are widely recognized
as floristically rich ecosystems and rank among the most
diverse temperate forests globally (Vasilyev & Kolesnikov
1962, Kurentsova 1973, Krestov & Verkholat 2003, Krestov
et al. 2000). Vasilyev & Kolesnikov (1962) estimated that
their total vascular plant diversity might reach up to 1000
species. However, this number was overestimated. For
example, the Land of the Leopard National Park, which
encompasses a range of habitats including SMMFs,
broadleaved forests, Larix gmelinii var. olgensis stands, Pinus
densiflora forests, shrublands, and meadows, hosts a total of
1143 vascular plant species (Marchuk 2021). In our dataset,
the observed number of vascular plant species within
SMMTFs is 545, with a predicted species pool of 670 & 39.

The y-diversity of SMMF's is comparable to other tem-
perate forest ecosystems. For instance, the zonal cool-tem-
perate broadleaved and mixed forests of Hokkaido (Japan),
classified within Fagetea crenatae Miyawaki, Ohba et
Murase 1964, comprise 474 species (Miyawaki et al. 1988).

Numerous studies have highlighted floristic and struc-
tural parallels between the forests of Fast Asia and eastern
North America (Graham 1972, Boufford &
Spongberg 1983, Box & Fujiwara 2012, Loidi et
al. 2025). A comparison of two 400 m? relevés —
one in an SMMF near Vladivostok and another in
a mixed forest with Piuus strobus in Bronte Creek,
Ontario (43°N) — revealed substantial floristic
similarity at the family and genus levels. Both
plots were species-rich: 87 vascular plant species
were recorded in the SMMEF, and 74 in the North
American counterpart (Box & Fujiwara 2012).

Forests similar to SMMT's of Western Eurasia
belonged to the class Querco roboris—Fage-
tea sylvaticae Br.-Bl. & Vlieger in Vlieger 1937
(Prokopenko 2013) represent the most floristically
rich natural temperate forests in the European part
of Russia, yet they contain 45 % fewer species than
SMMFs, with y-diversity reaching only 255 vascu-
lar plant species (Smirnova 2017). This disparity
can be attributed to the fact that the distribution
range of SMMTF's was not subjected to extensive
Pleistocene glaciations (Clark et al. 2009), unlike
European forests, which experienced repeated ice
sheet advances that severely reduced their biodi-
versity refugia (Willis & Van Andel 2004). Climate
reconstructions further confirm the persistence
of forest-steppe landscapes in southern Primorye
during the Last Glacial Maximum, supporting
the long-term stability of SMMTFs refugia
(Evstigneeva et al. 2025).
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Recent comparative studies of the diversity of tem-
perate deciduous forests in North America, Europe and
East Asia by Loidi et al. (2025) showed that East Asian
forests had the highest floristic richness, especially among
woody species, while Europe was characterised by the ri-
chest herbaceous component. North America showed the
lowest average phylogenetic turnover, followed by East
Asia and Europe. The exceptional diversity of woody,
gymnosperm and ferns in East Asia may be due to their
ancient origin in the geological history of the biome. In
contrast, the high diversity of herbaceous species in Euro-
pean forests probably reflects post-glacial environmental
filtering shaped by human influence and the grassland-
forest interrelations. These patterns reflect the evolutionary
legacy of temperate deciduous forests, coased by their
formation history in bioclimaticaly similar conditions.

Comparison of species richness among different SMMEF
associations reveals considerable variation depending on
topographical position. As noted by Box & Fujiwara (2012),
species richness in forests is strongly influenced by both
topography and substrate characteristics. It tends to be
higher in temporarily waterlogged lowlands and on gentle
slopes, and lower on rocky slopes with shallow soils — a pat-
tern corroborated by our findings.

The a-diversity of secondary oak-dominated forests
within the alliance Dictamno dasycarpi—Quercion
mongolicae is significantly lower than that of SMMFs.
These forests support fewer species, with less than half the
diversity of SMMFs in terms of stand composition. They
are also depleted in lianas compared to SMMFs.

CONCLUSIONS

In this study, we provided the syntaxonomical revision
of SMMFs based on an extensive dataset of the vegetation
relevés. As a result of the quantitative classification, we
described the new association of northern SMMFs Mi-
tello nudae—Abietetum holophyllae. We also de-
scribed a new suballiance Filipendulo palmatae—Jug-
landenion mandshuricae, which unites associations
of bottom-valleys forests within the alliance Carpino
cordatae—Abietion holophyllae.

The syntaxonomical system of SMMFs

Class
Otrder
Alliance
Suballiance
Association
Subassociation

Quercetea mongolicae Song ex Krestov, Dzizyurova
et Korznikov 2023

Tilio amurensis—Pinetalia koraiensis Kim ex
Krestov, Dzizyurova et Korznikov 2023

Carpino cordatae—Abietion holophyllae Kim

ex Krestov, Dzizyurova et Korznikov 2023
Eu-Carpino cordatae—Abietenion
holophyllae 2025

Mitello nudae—Abietetum holophyllae
Dzizyurova, Lisitsyna, Korznikov, Dudov,
Petrenko et Krestov 2025

Rhododendro mucronulati—Betuletum
schmidtii Petrunenko et Dzizurova 2024
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Querco mongolicae—Abietetum
holophyllae Kim ex Krestov, Dzizyurova et
Korznikov 2023

Querco mongolicae—Abietetum
holophyllae typicum Kim ex Krestov,
Dzizyurova et Korznikov 2023

Querco mongolicae—Abietetum
holophyllae oxalidetosum acetosellae
Gumarova, Prohorenkot et Verkholat ex
Krestov, Dzizyurova et Korznikov 2023
Carex drymophila—Abies holophylla forest comm.
Magnolia sieboldii—Abies holophylla forest comm.
Filipendulo palmatae—Juglandenion

mandshuricae Dzizyurova, Lisitsyna, Korznikov,
Dudoy, Petrenko et Krestov 2025

Fraxino mandshurici—Abietetum
holophyllae Gumarova, Prokhorenko,
Verkholat ex Krestov, Dzizyurova et Korznikov,
2023

Onocleo struthiopteridis—Juglandetum
mandshuricae Petrunenko et Dzizurova 2024
nom. mut. Nov.
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Sample area, m?

Elev. (m) NA 117 47 83 98 123NA 70 95 130 NA NA NA 130 NA NA NANA NANA
Aspect NAI13 - - - - - 90 -31545 13360 - - - - 90 - -
Slope NA2 0 00O O0OO0O 3057550000200
Tree cover 99 90 80 65 50 NANA 50 60 80 80 90 70 60 70 60 60 70 80 60
Stand height NA 30 30 NANANANA 25 28 26 NANANA NANA NANANANANA
Shrub cover 80 10 10 15 11 NANA 40 30 15 55 35 11 30 15 40 10 55 15 30
Shrub height NANANANANANANA 4.5 45 2.4 NANANANANANANANANANA
Herb cover NA 40 50 65 60 NANA 80 30 40 65 60 10 80 65 55 70 65 45 35
Location KP KP KP KP KP KP KP KP KP KP MA MA MA MAMA MAMAMA MAMA
Spec. num. 71 61 69 74 65 60 35 70 59 66 110101100 88 111 91 104 91 97 90

Diagnostic species of the ass. Onocleo struth1opterldls—]uglandetum mandshuncae
Bmz/gyboz‘@/x paridiformis + + + + r I

Chrysosplenium sinicum 111 1 l 1
Geraninm wilfordii + R T | .
Geum aleppicum F o+ o+ 4+ e e e e
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Table Al. Continued.

Diversity of the South Manchurian mixed forests

Table number

6

8 9®10* 11 12 1314* 15 16 17

18 19

20

Oxxcalis obtriangnlata
Phlomoides maximowiczii
Stellaria bungeana

Viiola acuminata

3
+ +
+

e

+

Dia/gnostic species of the ass. Fraxino mandshurici—Abi

s hirsuta

Caltha palustris :

Carex dispalata 1
Equisetum hyemale o
Lilium distichum -+
Pedicularis resupinata + -
Prunus padus +
Trigonotis radicans

Trisetum sibiricum

Diagnostic species of the suball. F
Aconitum alboviolacenm + + -
Athyrium crenulatoserrnlatum 3 3 -
Carex: accrescens 11 +
Carex nda + -

Filipendula palmata +

Impatiens furcillata +

Juglans mandshurica 3

Onoclea struthiopteris 3

Phellodendron ammurense %

1

Sanicula rubriflora

Diagnostic species of the all.
Aﬁm holophylla 1
Acer barbinerve
Acer mandshuricum 3
Carex ussuriensis :
Carpinus cordata
Dryopteris goeringianum
Kalopanax: septenlobus

Diagnostic species of the ord.
Acer tegmentosum :
Aegopodinm alpestre 1
Berberis amurensis :
Betula costata
Carex anriculata 3
Convallaria keiskei :
Corylus sieboldiana vat. mandshnrica -
Daarrhena mandshurica
Elentherococcus senticosus
Enonymuns verrucosus
Fraxinus mandshurica
Philadelphus tennifolins
Pinus koraiensis
Thalictrum filamentosum
Schisandra chinensis
Syringa reticnlata subsp. amurensis

It laciniata
Viola selkirkii S
Waldsteinia maximowicgiana - - 1

Q-’—H....
i

RN

b A R
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o
J N E T SN
Cmm b

4R
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Diagnostic species of the cl. Quercetea
51 3 4

Acer mono
Alctinidia argnta A,
Athyrium yokoscense o1
Alniaria alnifolia -
Carex siderosticta
ZI\D/I{yyptm'x crassirhizoma
aianthenum japonicum
Pbe;g?ptem connectilis
Pyrola japonica
Other species
Laminm album subsp. barbatum +
Rubia chinensis +
Aconitum stolonifernm .
Chrysospleninm pilossim vat. valdepilosum -
Ranunculus japonicus .
Paris verticillata
Cirsinm schantarense .
Carex rhigina sabsp. reventa +
Polystichum tripteron :
Prunns mascimowiczii
Alctinidia kolomikta
Plagiorbegma dubinm
Lonicera chrysantha C+
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%}[bﬂff fulgens .
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Dzizyurova et al.

Table Al. Continued.

Table number 1 2 3 4 5 6 7 89%10*11

Enonymus sachalinensis S
gyrm UsSUIEnsis I R -
ilipendula glaberrima o
Euonymus macropterus
Solidago virganrea
Plenrospermum nralense
Athyrinm spinulosum
Platanthera metabifolia
Arisaema amurense
Tilia amunrensis
Cardanine lencantha
I&gpaﬁa pyenosora
whurnum sargentii
Hylomecon vernalis
/I{lz'/be chinensis
Caunlophyllum robustum
Athyrinm sinense
Aconitum sexukinii
Valeriana fauriei
Euonymus alatus
Parasenecio hastatus
Scutellaria pekinensis var. nssuriensis
Viitis amunrensis
Asarum sieboldii
Parasenecio praetermissus
Saussurea subtriangnlata
Galinm davuricum
Oxalis acetosella
%ﬁ_{eﬁﬂ.ﬁ‘ mongolica
joscorea nipponica
Heraclenm dissectum
%paﬂem noli-tangere
aianthemum /ﬂﬁ/ﬁﬁﬂ
Acer f&eﬂdaﬂ'ebo dianum
Psendostellaria sylvatica
Ulmns davidiana vax. japonica
Actaea daburica
Carex lanceolata o1
Rhamnus davnrica 1 -1
Nabalus tatarinowii . .
Adoxa moschatellina : :
Frascinus chinensis subsp. rlynchoplylla -+ 1
Phryma nana o+ +
Artemisia argyi var. argyi s o
Rubus cratae /zfa/z'm S 2
Rubia mmﬁ’z]vg 1a R St :
Anemonoides glabrata A S S S
Lonicera maackii T - -1ttt - -1 - - -
Carex quadriflora + 1 - - e
Actaea asiatica E T SR
Adiantum pedatum oo+ - 11T+
Chrysospleninm pilosum o
Veeronicastrum sibiricum L LR -
Lonicera praeflorens + o e
Clematis fusca |
Aster scaber L LT
Carex arnellii T - -1 - e
Populus suaveolens S I
Circaea lutetiana + - RN R
Polemoninm chinense -+
Urtica divica subsp. holosericea ~ = =+ -+ = - 1
Asparagus schoberioides T e
Melica nutans + o
Tﬂ/[lﬂm sp‘ . . + . . . . . -+
Potentilla fragarioides R
Ribes maximoviczianum o
Viburnum burejaceticum R co co
Lai/)}/rm/éamarom' . . . . . . . . . . -+ 4+ - . . . . -+
Adenocanton himalaicum L R o o
Veratrum daburicum S T
MZ/ZI”?Z eﬁf”ﬂ”” . -+ 4+ . . . . . . . -+
Moebringia lateriflora R R 0
Thalictrum aquilegiifolinm vas. sibirionm R . - -
Bupleunrum longiradiatum I - R - IR o
Icia Vdﬂiﬂlﬁrﬂ . -4+ . . . . . . -+ - . . -+
Mazanthemum dilatatum L T :
Euphorbia esula subsp. esula -+ - - o000 £
Dlﬂrr[/é’ﬂﬂﬁﬂﬂel‘ 1 . . . . . . . . . . . . . .
Ranunculus franchetii L
Cynanchum acuminatum SN SRR SRR © IEEEEEERN - K .
Bg’/fﬂ[ﬂdd/}ﬂﬁfd . . . . -+ 4+ . . . . . . . -+
Pseudostellaria japonica - o o - B
Amf//imrpam edgeworthii
Galinm psendoasprellum R
Stipa pekinensis + -
Thalictrum tuberiferum

Found in 1 or 2 relevés: Aconitum taigicola 4: +, 8: 1; Actinidia polygama 13: +; Adenophora pereskitfolia 8: r, 19: +; Adonis ammurensis 15: +;
Agrimonia coreana 5: +; A. pilosa 18: +; Allium monanthum 15: +; A. ochotense 8: t; Alnus japonica 16: +; Anemonoides amurensis 15: +, 16: +;
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|38}
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Diversity of the South Manchurian mixed forests

Table Al. Continued.

Anemonoides sp. 16: +; A. umbrosa 4: +, 19: +; Angelica cincta 18: +, 19: +; A. daburica 9: +; Aralia elata 13: +, 14: +; Artemisia sylvatica 9: r;
Asynenma japonicum 18: +; Athyrinm ﬁ/i?emz’m 1: 15 Campannla punctata 13: +; Carex ﬁ/zipex var. oligostachys 1: +; Carex sp. 9: t; Carpesinm triste
15: +, 16: +; Celastrus flagellaris 18: +; Chelidoninm asiaticum 9: t; Chloranthus quadrifolins 10: +; Chrysospleninm ﬂage/(//g"erﬂm 2: 15 C. ramosum 1: 1;
Circaea alpina 12: +; C. cordata 2: +, 11: +; Clematis brevicandata 18: +; C. serratifolia 19: +; Corydalis buschii 16: +; C. gigantea 19: +; C. ochotensis
9: 1, 20: +; Crawfurdia volubilis 14: +; Cypripedinm calceolus 14: +; C. macranthos 14: +; Dentzia glabrata 6: 1, T: +; Diplazinm sibiricum 6: 1, 7: 1;
Disporum smilacinum 3: +; D. viridescens 6: t; Dryopteris expansa 11: 1, 12: 1; Equisetum pretense 3: +, 17: +; E. sylvaticuns 14: +; Euphorbia sieboldiana
5: +; Festuca extremiorientalis 9: t; Fritillaria usuriensis 16: +; Gagea nakaiana 15: +, 16: +; Galium spurinm 1: +; Geraninm maximowiczii 3: +, 16: +;
Geraninm sp. 8: 15 G. wlassovianum 6: 1, T: v; Hypericum ascyron 20: +; Kitagawia terebinthacea 18: 1, 19: 1; Lactuca raddeana 11: +; L. triangulata 10: 1;
Lilium sp. 4: +; Liparis makinoana 18: +; Lonicera maximowiczii 17: +, 18: +; L. ruprechtiana 10: 1; Melica grandiffora 14: +; Menispermum danricum
19: +; Micranthes manchuriensis 4: +, 16: +; Onoclea sensibilis 14: +, 17: +; Oreorchis /patem 11: +, 12: +; Persicaria dissitiflora 9: +; P. thunbergii 9:
t; Pilea mongolica 5: +; Pohygonatum acuminatifolium 10: 15 P. humile 11: +; Polygonum thunbergii 16: +; Potentilla centigrana 17: +; Primmla sieboldii 16:
+; Prunus sargentii 11: 1, 1<22: +; Preridium latiuscnlum 18: +; Ranunculus grandis 9: 15 Rhododendron mucronnlatum 10: 15 Salix arbutifolia 9: 1; Sanicula
chinensis 2: +,18: +; Saussurea grandifolia 14: +; S. umbrosa 13: +; Schizachne purpurascens subsp. callosa 12: +,18: +; S[bz‘{ofgﬁon bryoniifolins 1: +,
9: 15 Sorbaria sorbifolia 9: 15 Synurus deltoids 8: +; Tilia mandshurica 10: 1; Urtica thunbergiana 5: +, 9: 1; Veratrum oxysepalum 3: +, 8: 15 Vicia unijuga
10: 13 Viola collina 6: 1, 16: +; 1. orientalis 8: v; Zabelia biflora 3: 1, 8: 1.

Coordinates gN, E): 1-43.107,131.52; 2 — 43.118, 131.49; 3 — 43.103, 131.54 ; 4 — 43.111, 131.53; 5 — 43.113, 131.52; 6 — 43.121, 131.41;
7— 43,1312{3?, d31.4 687; 8 — 43.09885, 131.55197; 9 — 43.11831, 131.50774; 10 — 43.152, 131.50691; 14 — 43.252,132.12; 11-13 and 15-20
— no available data.

Locations: KP — Kedrovaya Pad’ Nature Reserve, KV — vicinity of the village of Kravtsovka, MA — Muraviov-Amurskiy peninsula
(Vladivostok vicinity).

Authors of relevés: DV — Violetta D. Dzizyurova, GU — Rezeda R. Gumarova et al. 1994, KR — Pavel V. Krestov, PE — Ekaterina A.
Petrunenko, VV — Valentina P. Verkholat.

*nomenclatural type.

*nomenclatural type of the rejected subassociation — Matteuccio struthiopteridis—Juglandetum mandshuricae
chrysosplenietosum villosi Petrunenko et Dzizurova 2024.

Table A2. Association Rhododendro mucronulati—-Betuletum schmidtii.

Table number 1 2 3 45 67 891011 121314
Juice number 52 167 172 175 179 181 185 190 231 238 501 502 519 520
Author code PE PE PE PE PE PE PE PR DYDYV pE pE

— < 0 0 0 0 N0 O O ¢ oo oo =
Date SSsssszsz2g2::28¢z

AN AN A A AN AN AN NN N NN
Sample area, m? NA 300 400 300 400 300 300 300 400 400 400 400 300 300
Elev. (m) 1029 142 288 115 170 220 253 264 288 410 310 255 395 248
Aspect 275 23 315248 45 45 315 135 300 300 315 345 315 300
Slope 19NA15 30 4 10 7 25 8 50 NANANA 15
Tree cover NA 70 60 70 60 60 60 80 90 80 NANA 90 70
Stand height NA 25 20 19 23 24 19 28 24 13 12 NA 18 20
Shrub cover NA 20 15 30 10 25 30 25 20 20 NANA 80 40
Shrub height NA 2 NA 2 225252535 3 2 NA3S 4
Herb cover NA 15 20 10 20 20 30 15 30 40 20 NA 20 20
Location Kor KP KP KP KP KP KP KP NP NP NP NP KP KP

Spec. num.

16 25 40 23 46 28 40 35 37 33 15 12 26 18

Diagn. spp. of the ass. Rhododendro mucronulati-Betuletum

schmidtii
Betula schmidtii + 1 - 1311114354
Carex: callitrichos var. nana 2+ 1 +1+4+ 2111 2 2
Rbododendron mucronslatum  + 2 1 3 + 2 2 1 1 2 4 3 4 3
Diagn. spp of the all. Carpino cordatae—Abietenion holophyllae
Albies holophylla 11 +1222221 - "
Ca;’piﬂuy cordata oo+ 211 - -
Ralopanax: septemlobus 1 + 1+ 1 1 ¢ N
Diagn. spp. of the ord. Tilio amurensis—Pinetalia koraiensis
Acer tegmentosum -+ 1 -1+ + - -+
Convallaria keiskei C+ + + - - r - "
Corylus sieboldiana vas. mandshurica 12+ 1111+ 1 r
Eunonymus verrucosus : + -+ + 11 - - ro1
Philadelphus tennifolins 1 - - + + + + -
Pinus koraiensis 1+ 1111 2 : 11
Schisandra chinensis +1 -+ - + 1 r r r +
Thalictrum filamentosum o+ + R S - -
Diagnostic species of the cl. Quercetea mongolicae
Acer mono S rooc o+ s+
Alniaria zz/nZolz’a 1 1 + 1 - - - :
Athyrinm yokoscense S+ 1+ + 1 - 1+
Carex siderosticta + 11111111 ¢ 111
Other species
Acer pseudosieboldiannum + 22 4132242 - 21
?%mrfm mongolica 1 3333332512113
aianthemum dilatatum -1 -1 111 + : r +
Tilia amurensis 31211 -22¢«¢1 - 112
Acer komarovii S+ s+ 1 co . -
Actinidia kolomikta o+ - 4+ -+ 4
Artemisia keiskeana R S T | ;
Athyrinm spinulosum e I S S
Betnla pendula sobsp. mandshurica - 11 - 1 1.1 - - -
Calamagrostis arundinacea I I i S t
Carex: lanceolata I Y B N r
Euonymus sachalinensis + - sy r
Fraxcinus chinensis subsp. rhynchoplylla - 1+ + + - + 1 + .
Gymmnocarpium dryopteris . - + Coror ot r
alosciastrum melanotilingia + + + + -
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Table A2. Continued.

Table number 1 2

Hepatica nobilis vax. japonica
Lespedeza bicolor

Lonicera praeflorens

Maackia amurensis

Melampyrum rosenm

Moehringia lateriflora

Osmndastyim cinnamonenn ssp. asiatiom
Parasenecio praetermissus
Phegopteris connectilis
Phellodendron amurense +
Pyrola regz'/o/ia :
J’Jy//z'daga laburica

Solidago virganrea

Viiola orientalis

Weigela florida -1+

Found in 1 or 2 relevés: Achnathernm sp. 9: r; Actinidia arguta 1: +, 5: +; Adiantum pedatnm 10: v; Aegopodinm alpestre 9: x, 10: 15 Agastache rugosa
1: +; Amphicarpaea edgeworthii 8: +; Aruncus divicns 11: +; Asarum sieboldii T: +, 10: 15 _Atractylodes lancea 3: +, T: +; Berberis amurensis 9: t; Carex
auriculata 3: +; C. eiytimhaﬂ'f 10: +; C. quadrifiora 7: +; C. rhizina subsp. reventa 9: 1, 10: 1; Carex sp. 8: +; C. ussuriensis 10: 15 Circaea alpina subsp.
cantescens 10: +; Corydalis ochotensis 1: +; Crepidiastrum chelidoniifolinm 1: +; Dryopterss crassirhizoma 11: 15 D. expansa 5: +; Fraxinus mandshurica ]3):
1, 10: r; Gentiana zollingeri 6: +; Juglans mandshurica 10: 1; Kitagawia terebinthacea 4: +, 12: t; Lepisorus ussuriensis 11: 1, 12: +; Lilium distichun 10:
t; Lindera obtusiloba 1: Zg; Liparis kumokiri 5: +; Lonicera chrysantha 3: +, 7: 15 Lysimachia zfm]“gpam 3: +, 7t +; Magnolia sieboldii 1: +; Maianthenum
bifolinm 10: +; Orthilia secunda 5: +; Phellodendron amurense 1: +; Phryma nana 5: +, 11: t; Polemoninm caernlenm 11: 15 Polygonatum involucratum 4:
+, 10: 1; P. odoratum &: +, T: +; Populus tremula 2: +; Potentilla fragarioides 4: +; Prunus sargentii 5: 15 Pteridium latinsculum 9: t; Pyrola japonica 10:
t; Rhbododendron schlippenbachii 1: +; Ribes maximovicziannm 5: +; ﬁ%hﬂf crataegifolins 9: t; fﬂ%ﬁﬂl"é’d grandifolia 11: 15 8. subtriangnlata 5: +, 8: +;
Saxcifraga rotundifolia 10: 13 Schizachne purpurascens sabsp. callosa 11: 1 Scutellaria pekinensis var. ussuriensis 2: +, 10: +; Solidago daburica 9: t; Spiraea
chamaedryfolia 11: +; Spodigpogon sibiricus 4: +; Tilia mandshurica 9: +; Viburnum sargentii 8: +; Vicia ramuliflora 13: 15 V. subrotunda 4: +; 1. unijuga 9:
t; Viola collina 5: +; Vitis amurensis 5: +, 8: 15 Waldsteinia ternata 2: +, 10: +; Weigela subsessilis 1: +; Woodsia polystichoides 11: vy W. taishanensis 12: r.

Coordinates (N, E): 1 — no data available; 2 — 43.103, 131.53; 3 — 43.091, 131.54 ; 4 — 43.10971, 131.53748; 5 — 43.09431, 131.54153; 6 —
43.0929, 131.54004; 7 — 43.09166, 131.544; 8 — 43.09885, 131.52211; 9 — 43.025019, 131.14911; 10 — 43.384752, 131.522053; 11 — 43.07783,
131.42659; 12 — 43.14592, 131.4958; 13 — 43.10831, 131.48776; 14 — 43.09653, 131.53224. Locations: KP — Kedrovaya Pad’ Nature
Reserve, Kor — South Korea, NP — Land of the Leopard National Park.

Authors of relevés: DV — Violetta D. Dzizyurova, KR — Pavel V. Krestov, LA — Anastasiya D. Lisitsyna, PE — Ekaterina A. Petrunenko,
PT — Tatyana Ya. Petrenko.

*nomenclatural type (holotypus).
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Table A3. Association Mitello nudae—Abietetum holophyllae ass. nov. (selected 20 relevés).

Table number 1 2 3 45 6 7 8 9 10 11 12 13 14 1516% 17 18 19 20
Juice number 80 82 130135 143 148 290 292 293 294 295 296 297 298 299 301 304 305 306 310
Author code GUGUGUGUKUKUVDVDVDVDVDVDVDVDVDVDVDVDVD PE
=+ <+ S+ <+ O o aa g g aagaaQagaaaaNaaaQa
Year ggggssgggdgdggggggggegcs
— = = = = — A A AN AN AN AN AN AN AN A
Sample area, m? NANANA NA 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400
Elev. NANA 200 200 NANA 310 340 325 297 329 305 200 215 239 230 241 191 264 192
Aspect 157 180 210 135 NA NA 270 292 270 180 200 245 75 106 68 24 325 93 210270
Slope 1313 15 12NANA 7 7 7 1210 7 2 2 1 7 10 1 3 10
Tree cover 70 70 99 99 NANA 40 40 65 60 40 30 60 50 35 30 45 60 50 60
Stand height NANA 28 29 NANA 33 34 27 23 27 31 27 29 29 28 20 28 33 24
Shrub cover 10 5 30 3 NANA 50O 1 30 15 20 20 25 25 25 30 20 13 20 10
Herb cover 35 45 50 30 NANA 70 60 75 45 20 65 75 55 60 50 50 50 30 80
Location MAMA SA SA KP KP UR UR UR UR UR UR UR UR UR UR UR UR UR BP
Spec. num. 92 88 54 49 37 67 68 56 65 76 68 69 72 58 65 66 66 75 80 99
Diaﬁnostic species of the ass. Mitello nudae—Abietetum holophyllae
Abues holophylla 31131 +2232231T++11131
Abies nephrolepis o+ 12 s 2112+ 1+ -
Actinidia polygama -+ o o+ 4+ + 4+ -+ + -+ + + e
Athyrinm nonomachi co : -+ 114+ -1+ 1T+ -+ -
Chelidonium asiaticum co N S 2 SR e
Circaea alpina I +++ ¢ - ++1 -t -t -
Hylodesnmm podocarpum subsp. wxqplylim -+ + - s r o+ 4+ 0+ + +ox
Laminm album subsp. barbatmm + + 1 + + + ¢ +r +4+r -+ 4+ 4+ + +
Mitella nuda o 1+ + o+ roc o+ -+ +
Urtica thunbergiana o1 co r + 3 rr ot rr
Diagnostic species of the all. Carpino cordatae—Abietenion holophyllae
Acer barbinerve - 11 +124+2rr++11+1+++r
Acer mandshuricum - 11 +4+1 1 +++1++1+11+ -
Carex ussuriensis o+ + -1 - o+ o+ + + 4+ o+ 4+ +
Carpinus cordata 5513113 4334413223133
Dryopteris goeringianum o1+ -+ or ro o+ e e+ +
Kalgpanax: septemlobus + - -+ -+ ror + + ror ro-
Diagnostic species of the ord. Tilio amurensis—Pinetalia koraiensis
Acer tegmentosum + + -1 ++ 4+ ¢+ -t - rrr +++++
Ae(gofodz'ﬂm alpestre A S L SR i S/
Betula costata -1 -1+11 - ¢3¢t 2731 -1+ -
Carex anricilata 1+1+ - +4++ - +rr11+++1++
Convallaria keiskei + 4+ -+ - Coro + +
Corylus sieboldiana var. mandshurica -+ + - + 1 + S S SR
Daarrhena mandshurica + + + + + + - . L
Elentherococcus senticosus +1+1+11++++11+11+++1
Enonynus verrucosus + -+ 1 - - co + -+ + -+ - -+
Fraxinus mandshurica + 11 +++1+1+++r 11t r 3 +r
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Table A3. Continued.

Diversity of the South Manchurian mixed forests

Table number

(=2}

13

—
Ny

15 16*

—_
~

—_
o

Philadelphus tenuifolins
Pinus koraiensis
Schisandra chinensis

Syringa reticulata subsp. ammrensis

halictrum filamentosum
Ulpnis laciniata

Viola selkirkii

Diagnostic species of the cl.

Acer nono

Actinidia argnta
Alniaria alnifolia
Carex siderosticta
Dryopteris crassirbizoma

Other species

Acer pseudosieboldianum
Maianthemum dilatatum
Tilia amurensis
%ﬂeﬂﬂf mongolica

ibes mandshuricum
Asarum sieboldii
Oxalis acetosella
Phryma nana
Maianthemum bifolium
Ribes maximoviczianum
Vitis amurensis
Actinidia kolomikta

G

R R
R S

Dentzia parviflora vax. parvifiora -

Carex rgz){z‘mz subsp. reventa
Galium davuricnm
Enonymus sachalinensis
Hylomecon vernalis
Pohgonatum involucratum
Lonzcera praeflorens
Athyrinm sinense
FParasenecio hastatus
Adiantum pedatnm
Parasenecio praetermissus
Paris verticillata

Prunns mascimowiczii
Pseudostellaria sylvatica
Nabalus tatarinowii
Actaea asiatica
Viburnum sargentii
Lonicera chrysantha
Cardamine lencantha
Polystichum subtripteron
Arisaema amurense
Rubia cordifolia
Aconitum stolonifernm
Impatiens noli-tangere
Aruncus dioicus

Scutellaria pekinensis vax. ussuriensis

Carex quadriflora
C/yompz
Fraxcinus obinensis ssp. rhynchophylla
Euonymus alatus
Valeriana fanriei
Rubia chinensis
Picea jezoensis
Plagiorhegma dubium
Ju im‘ mandshurica
aackia amurensis
Deparia pyenosora
Caﬂ/yp/jyf//um robustum
Paconia obovata
Urtica dioica subsp. holosericea
Avralia elata
Saussurea subtriangulata
Dioscorea ngbpam'm
Ulmns davidiana var. japonica
Viiola acuminata
Alstilbe chinensis
Lonicera maximowicgii
Polemonium chinense
Acer ukurunduense
Trigonotis radicans
Osmorhiza aristata
Anemonoides ndensis
Anemonoides umbrosa
Chloranthus quadrifolins
Artemisia argyi var. argyi
Lilium distichum
Achudemia japonica
Athyrinm spinulosum
Rubus crataegifolins
Viburnum burejaeticum
Angelica cincta
Vicia ramuliflora
Filipendula palmata
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Dzizyurova et al.

Table A3. Continued.

Table number 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16* 17 18 19 20

Dryopteris amurensis S T JEE T BRI SO BRI
Calamagrostis species e R T T S
Solidago virganrea A -
Onoclea struthiopteris
Cirsinm schantarense
Lsodon excisus
Cb@/m;p/em'ﬂw Dpilosum
Potentilla fragarioides
Heracleum dissectum B
Aconitum species S S T
Milinm gj‘g;ﬂm I R S SR
Phegopterss connectilis Coe e e . - I
Lathyrus komarovii
Cynanchum acuminatum
Oumnndastram cinnamomenm subsp. asiaticnm ~ =+ 4+ = = oo 4+
G mnocarpinm dij/opterix Ce e e e e e e e e e e e e
iplazium sibiricum D I SR

Found in 1 or 2 relevés: Aconitum alboviolaceum 1: +, 6: +; A. sexukinii 1: +, 2: +; A. volubile 3: +, 4: +; Actaea erythrocarpa 13: +; Adenophora
pereskiifolia 1: +; Adonis amurensis 20: +; Adoxa moschatellina 20: t; Amphicarpaea edgeworthii 1: +, 11: t; Anemonastrum baicalense 20: t; Anemonoides
amurensis 20: t; A. glabrata 1: +; A. raddeana 20: +; Anemonoides st 9: 15 Angelica dabnrica 3: +, 4: +; Anthriscus sylvestris 5: +; Artemisia keiskeana 1:
+; Aster ageratoides T t; A. scaber 1: +, 2: +; Asynenma japonicum 6: +, 20: t; Athyrium crenulatoserrulatum 4: +; A. ﬁ/ixf/ﬂiﬂa 3: +; A. yokoscense 20:
+; Berberis amurensis 4: +, 6: +; Betula davurica 1: 1; B. pendula subsp. mandshurica 2: +, 4: +; Brachybotrys paridiformis 20: 3; Buplenrum longiradiatum
1: +, 20: 1r; Caltha palustris 13: +; Campanula glomerata subsp. speciosa 4: +; C. punctata 1: +, 2: +; C'Zrex accrescens 2: +, 20: 1; C. callitrichos var.
nana 2: +, 20: t; C. dispalata 6: 1; C. erythrobasis 20: t; C. lanceolata 2: +; C. nda 3: +; C. umbrosa subsp. psendosabynensis 1: +; Carpesinm triste T: 1,
10: +; Celastrus flagellaris 3: +; Chelidoninm majus 3: +; Chimaphila japonica 4: +; Chrysospleninm flagelliferum 9: t; C. ramosum 3: +; C. sinicum 17: t;
Circaea cordata 10: 15 C. Jutetiana 1: +, 2: +; C/z'/marz'%m japonicum 13: 1, 18: +; Crataegns maximowiezii 1: +; Diarrhena fanriei 1: 15 Enemion raddeannm
20: r; Equisetum hyemale 14: t, 18: t; Euphorbia esula 1: +; E. sieboldiana 10: t; Filipendula glaberrima 6: +; Fimbripetalum radians 20: t; Gagea triflora
20: t; Gentiana zollingeri 20: t; Geraninm maximowiczii 1: +; Hemerocallis middendorffii 1: +; H]\yfm'ﬂwz ascyron 1: 1, 2: 1; Lathyrus humilis 1: +, 2: +;
Lespedeza bicolor 2: +; Lonicera maackii 12: +; Lysimachia clethroides 1: +; L. emgpam 13: +; Maianthemum japonicum 20: 1; Nyfa/axz'x monophyllos var.
monophyllos 5: +, 6: +; Moebringia lateriflora 2: +; Ostericum maximowiczii 4: +; Oxalis obtriangnlata 20: t; Panax ginseng 17: 15 Paris guadrifolia 3: +, 4:
+; Phedinus aizoon 20: t; Phellodendron amurense 5: +, T: 15 Phlomoides maximowiczii 20: 1; P, emoﬁv;rm%m uralense 20: +; Polygonatum acuminatifolinm
20: 15 Populus suaveolens 1: +; P. tremunla 2: +; Pyrola /Zslpaﬂim 5: +; Pyrus ussuriensis 1: +, 10: 15 Ranunculus franchetii 20: r; }éjdﬂlﬂm’ davurica 18: +;
Sambucus racemosa 11: 1, 12: t; Sanicula rubriflora 3: 1; Sanssurea grandifolia 20: 1; 8. neoserrata 13: +; Sorbaria sorbifolia 13: +, 16: +; Spiraea betulifolia
16: +; 8. chamaedryfolia 20: +; Stellaria bungeana 1: +; Taxus cuspidata T: t; Thalictrum minus 11: +; Tilia mandshurica 18: +; Veronicastrum sibiricum
2: +; Vicia subrotunda 20: +; 1. ungjuga 1: +, 2: +; V. venosa 4: +; 1 iola sacchalinensis 3: +; Waldsteinia maximowicgiana 2: 1; Zabelia biffora 3: +.

Coordinates (N, E): 1-6 — no available data; 7 — 43.651261, 132.437569; 8 — 43.631115, 132.417643; 9 — 43.632931, 132.410937; 10 —
43.654154, 132.42374; 11 — 43.656075, 132.424085; 12 — 43.657102, 132.421042; 13 — 43.659368, 132.493777; 14 — 43.657461, 132.491701;
15-43.665058, 132.488809; 16 —43.641303, 132.498381; 17 — 43.677578, 132.524205; 18 — 43.652, 132.5; 19 — 43.65, 132.49; 20 — 43.49969,
131.56081.

Locations: BP — Borisov Plateau, KP — Kedrovaya Pad’ Nature Reserve, MA — Muraviov-Amurskiy peninsula (Vladivostok vicinity), SA —
Sikhote-Alin Mountains, UR — Ussurisky Nature f{eserve.

Authors of relevés: DV — Violetta D. Dzizyurova, GU — Rezeda R. Gumarova et al. 1994, KU — Galina E. Kurentsova, PE — Ekaterina
A. Petrunenko.

Fm bt
e
+ 4+
o
w4 e e

+++
++ -
—_

r - r -1

*nomenclatural type (holotypus).

Table A4. Association Querco mongolicae—Abietetum holophyllae (selected 10 relevés of each subassociation).

Querco mongolicae— Querco mongolicae—

Subassociation Abietetum holophyllae  Abietetum holophyllae
typicum oxalidetosum acetosellae
Table number 2 3 4 5 6 7 8 9%10% 11 12 13 14 15 16% 17 18 19% 20
Juice number 108134 146 211 234 236 278 291 517 518 79 81 84 85 86 88 90 93 98 104
Author code GU KR KUBYVERER, iy DY Kim Kim GUGU GUGUGUGUGUGUGU GU
<+ © 9 0 90 <o o o F =+ F F + 4 F = A =
Year Zcg88588828:2888888¢¢%
Sample area, m? 400 NA 400 400 400 400 400 400 750 750 NA NA NA NANA 400 NANA 400 NA
Elev. 125200NA 315175 148 65 389 250 200 NANANANA NA 140 NANA 180 NA
Aspect 337135 NANA 320 — 22 275 180 360 225 203 180 202 180 225 180 203 360 360
Slope 10 I5NANA10 0 5 7 2 15 15 20 10 20 12 12 40 12 16 5
Tree cover 80 99 NA 70 50 70 20 30 NANA 50 70 80 50 60 80 70 90 80 80
Stand height NA 29 NA 28 32 26 29 32 NA NA NANANANANANANANANANA
Shrub cover 35 10NA 3 0 10 25 15 NANA 55 15 5 55 60 5 8 5 20 15
Shrub height NANANA 15 - 5 1 1.5 NANANANANANANANANANANANA
Herb cover 25 20 NA 60 2 50 25 80 NANA 70 30 10 15 30 25 35 30 35 35
Location MA SA KP NP NP NPBGIUR UR UR MAMAMAMAMAMAMAMAMAMA
Spec. num. 59 49 43 47 45 46 53 55 61 54 92 87 88 89 97 93 78 92 99 77

Diagnostic species of the subass. Querco mongolicae—Abietetum holophyllae
oxalidetosum acetosellae

Campanula punctata T S S S S S R SRR
Dryopteris expansa + e T |
Lathyrus bhumilis T S sl S S S L R S o :

Diagnostic species of the Querco mongolicae—Abietetum holophyllae and
Carpino cordatae—Abietenion hglog:h 113ae
+

Abzes holophylla 1 2 2111151351+
Acer barbinerve 111 -+ 11 2+ -1+ 1+ 4+ - 11
Acer mandshuricum ++ 4+ -1 -3 -1 - - - 4+ - - - -4
Carex ussuriensis -1 e -+ 12 + 1 + 1 -+ 1
Carpinus cordata 51 1323312 5+ 455413 4
Dryopteris goeringianum S T SR o I R S
Kalopanax: septemilobus +1 - r 1 r+++ - +1+1+++ 111
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Table A4. Continued.

Diversity of the South Manchurian mixed forests

Table number

** 2 3 4 5 6 7 8 9%10% 11 12 13 14 15 16*

18 19%* 20

Diagnostic species of the ord. Tilio amurensis—Pinetalia koraiensis

Acer tegmentosum + :

Aegopodinm alpestre : 1+ +

Berberis amurensis : Cor

Betula costata 1 - - - r

Carex anriculata + +

Convallaria keiskei :

Corylus sieboldiana var. mandshurica -

Daarrbhena mandshurica

Elentherococcus senticosus

Enonymns verrucosus

Fraxinus mandshurica

Syringa reticulata ssp. amurensis

I%i/adeébbm tennifolins

Pinus koraiensis

Schisandra chinensis

Thalictrum filamentosum

Ulnmns laciniata

Viola selkirkii

Waldsteinia maximowicgiana

Diagnostic species of the cl. Q
Acer mono +
Actinidia argnta 1

+
+
1

SN NN S
T L e T PR
N L = SRR,

B

+r oo

(SN

Alniaria a/mé’a/z'a
Athyrinm yokoscense
Carex: siderosticta
D@/y;ﬁtem crassirhizoma
Pyrola japonica
Laianthenium japonicum
Other species
Athyrinm spinulosum + - -1
Paceonia obovata co
Viburnum sargentii -+
Astilbe chinensis +
Fracinus obinensis ssp. rhynchophylla
Tilia amurensis 1
Acer psendosieboldianum 1
Maianthemum bifolium
%%Wﬂl& mongolica
arasenecio praetermissus
Phryma nana
Oxalis acetosella
Asarum sieboldii
Actinidia kolomikta
Deutzia parviflora var. parviflora :
Lonicera pmz%rem S+ - r
Ribes mandshuricum R
Hylomecon vernalis
Prunns mascimowiczii
Psendostellaria sylvatica R«
Vitis amurensis 1
Actaea asiatica .
Galium davuricum
Adiantum pedatnm
Maackia amnrensis
Ribes maxcimoviczianum +
ﬂojyganatﬂm involucratum
aranthemum dilatatum
Plagiorhegma dubinm
Arisaema amurense
Athyrium sinense
Valeriana fanriei
Cardamine leucantha
Nabalus tatarinowii ssp. tatarinowii
Sanssurea sublriangulata
Aconitum scgukini
Osmndastrom cinmamonenn ssp. asiationn
]Cztg/anx mandshurica
arex rhigina subsp. reventa
Heracleum: dissectum
Scutellaria pekinensis var. ussuriensis -+ -t
Betula pendnla sobsp. mandshurica -~ - - - 1
Mocehringia lateriflora o
Adoxa moschatellina
Canlophyllum robustum
Veronicastrum sibiricum
Euonymus alatus .
Artemisia argyi var. argyi -+
Carex lanceolata -2
Lonicera chrysantha I |
Polemoniunt chinense -
Aster scaber Co
fﬂimm chamaedryfolia S
thyrus komarovii .
Phegopteris connectilis
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Parasenecio hastatus
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Betula davnrica
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Dzizyurova et al.

Table A4. Continued.

Table number ** 2 3 4 5 6 9% 10% 11 12 13 14 15 16* 17 18 19** 20

Prunus sargentii S T S I S
Laminm album sobsp. barbatwm -+ - -+ - - ¢ =+ + + + - -+ :
Aruncus dioicns L  ° :
Onoclea struthiopteris o x
Actaea daburica L IR
Polystichum subtripteron Y B
Solidago virganrea R - IR
Phellodendron ammnrense o112 e 4+
Viicia ramuliflora N - BEEEENE o
Carex: accrescens R S : :
Chrysospleninm pilosum + - Co
Ulmus davidiana var. japonica Co Co :
Paris verticillata L S
Rubia chinensis I .
Cirsium schantarense T
Filipendnla palmata + -+
Pyrus ussursensis o

eranium maxinowici
Dioscorea nipponica S+ r
Viiola acuminata o : :
Rubia cordifolia R S
Stellaria bungeana UL IR
Celastrus flagellaris -
Urtica dioica subsp. holosericea -+ = = -+ +
Plenrospernum nralense S :
Potentilla fragarioides T e
Euonymus sachalinensis o 2
Diarrhena fanriei R
Viicia m@igﬂ
Carex quadrifiora
Impatiens noli-tangere + - or
Angelica cincta R
Amphicarpaea edgeworthii
Osmorhiza aristata I R - 0 :
Lilium distichum RN SR © [ENEEEEEEEEEEEEE - IR
Trigonotis radicans T e Co :
Anemonoides umbrosa
Eﬁyhbarbm esula subsp. esula R S i
Filipendula glaberrima AR S I
Euonymuns macropterus 2 e
Actinidia polygama T - - .
Aralia elata :
Melica nutans
Carex: callitrichos var. nana S
Buplewrum longiradiatnm s
Arisaema serratum vax. serratum -
Athyrium crenulatoserrulatum 1 - -+ N SN - I
Circaea alpina s S S R R S o
Hylodesmmm podocarpum ssp. oxyplyllm ++ = ==+ + + - - : N - -

Lypericum ascyron o
Lespedeza bicolor S
Tila mandshurica oo 1 -+ 11 0
Corydalis ochotensis S O SN - IR
Saussurea grandifolia s ST S S SR
Mitella m/?%a L S~
Chrysospleninm sinicum oo+ or 1 g B
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Found in 1 or 2 relevés: Acer ukurunduense 1: +; Aconitum alboviolacenm 1: +, 3: +; A. axcilliflorum 6: vy A. ochotense 3: +; A. stoloniferum 8: t;
A. taigicola T: +; Adenocanton himalaicum T: 2; Adenophora pereskizfolia 11: +, 13: +; Agrimonia pilosa 11: +; Anemonoides glabrata 1: +; A. ndensis
18: +; Artemisia keiskeana 2: +; Asarum beterotropoides 12: +, 14: +; Asparagus schoberioides 18: +; Athyrium monomachi 8: +; Betula schmidtii 4: 1;
Calamagrostis arundinacea 14: +; Caragana ussuriensis 2: +; Carex disperma 6: 1; C. drymophila 9: 1, 10: 15 C. erythrobasis 5: +, 6: 1; C. umbrosa subsp.
psendosabynensis 17: +; C. vaginata var. gez‘em'i 5: 15 Carpesium triste 14: +; Chimaphila japonica 2: +; Chloranthus quadrifolins 15: 1, 18: +; Circaea
alpina subsp. canlescens 5: 1y C. cordata 9: 1; C. Iutetiana 12: +, 14: +; Codongpsis lanceolata 12: +; Crataegus maximowiczii 12: +, 13: +; Cynanchum
acuminatum 11: +, 12: +; Dictamnus dasycarpus 2: +; Dg'b/zzgiwﬂ sibiricum G: t; Dryopteris amurensis T: +; Epipactis papillosa 5: t, 15: +; Equisetum
pratense 14: +; Gagea nakaiana 18: +; Galium boreale 13: +; G. maximowiczii 6: t; Geranium wilfordii 7: +, 9: +; Gymmnocarpinm dryopteris 20: +;
Lactuca triangulata 11: +; Liparis fumokiri 6: t; Lonicera maackii 3: +, 6: 1; L. maximowiczii 3: 1, 15: +; Lychnis fulgens 18: +; Malaxcis monophyllos var.
monaphyllos 4: t; Malus mandshurica 10: +; Melampyrum setaceum 2: +; Micranthes manchursensis 16: +; Monotropa hypopitys 17: +; Mublenbergia japonica
9: + ]%eoz‘tz'a papilligera 18: +, 19: +; Oxalis obtriangulata 4: r; Pedicularis resupinata 11: +, 16: +; Persicaria lapathifolia 6: t; Pilea nongolica 6/ 1; Poa
alta 10: +; Polystichum brannii 19: +; Populus snaveolens 14: +; P. tremula 14: +; Prunus maackii 3: +. P. padus 19: +; Pseudogalium paradoxum 4: t;
Preridium latinsculum 12: +; Pyrola rotundifolia 14: +,19: +; Ranunculus franchetii 4: v; Rhamnus davurica 17: +; Rhododendron mucronulatum 2: +; Rubus
crataegifolins 6: 1, 13: +; Sanicula chinensis 7: +; S. rubriflora 3: +, 14: +; Saxifraga rotundifolia 4: 1, 6: t; Synurus deltoides 14: +; Trisetum sibiricum 19:
+; Urtica thunbergiana 3: +, 4: +; Veratrum daburicum 19: +; Viburnum burgaeticnm 3: +, 9: +; Vicia venosa 2: +; Viola collina 9: +, 15: +; 1. rossii
5:1,6:1; 1. mw?yga/z'nemz's 2: +; Zabelia biflora 2: +,13: +.

Coordinates (N, E): 1 —43.204, 131.99; 4 — 43.386412, 131.52299; 5 — 42.887267, 131.065794; 6 — 42.889475, 131.067057; 7 — 43.2180296,
131.9870343; 8 — 43.630768, 132.41906; 9 — 43.6, 132.2; 10 — 43.6, 132.; 16 — 43.187, 132; 19 — 43212, 132.06; 2-3, 11-15, 17-18, 20 — no

available data.

Locations: BGI — forest area of the Botanical Garden-Institute FEB RAS, KP — Kedrovaya Pad’ Nature Reserve, MA — Muraviov-Amurskiy
peninsula (Vladivostok vicinity), NP — Land of the Leopard National Park, SA — Sikhote-Alin Mountains, UR — Ussurisky Nature Reserve.

Authors of relevés: DV — Violetta D. Dzizyurova, GU — Rezeda R. Gumarova et al. 1994, Kim — Jon-Won Kim 1990, KR — Pavel V.
Krestov, KU — Galina E. Kurentsova, LA — Anastasiya D. Lisitsyna, PE — Ekaterina A. Petrunenko, — Valentina P. Verkholat.

* nomenclatural type.

** nomenclatural type of the rejected syntaxa: 1** — Polysticho tripteron—Pinetum koraiensis typicum Gumarova et al. ex Krestov
et al. 2023; 10** — Querco moniohcae—Abletetum holophyllae aceretosum tegmentosae Kim ex Krestov et al. 2023; 19%* —
Polysticho tripteron—Pinetum koraiensis caricetosum reventae Gumarova et al. ex Krestov et al. 2023.
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Table A5. Average coefficients of similarity of syntaxa

Diversity of the South Manchurian mixed forests

Suballiance Overall Total Total
Association _diversity feplacement  richness
Subassociation e Y diversity diversity
Jaccard
Mitello nudae—Abietetum holophyllae 0.28 0.23 0.05
Filipendulo palmatae—Juglandenion mandshuricae 0.34 0.25 0.09
Onocleo struthiopteridis—Juglandetum mandshuricae 0.34 0.28 0.06
Fraxino mandshurici—Abietetum holophyllae 0.27 0.19 0.08
Querco mongolicae—Abietetum holophyllae 0.35 0.24 0.11
Querco mongolicae—Abietetum holophyllae typicum 0.35 0.27 0.08
Querco mongolicae—Abietetum holophyllae oxalidetosum acetosellae 0.29 0.23 0.06
Rhododendro mucronulati—-Betuletum schmidtii 0.36 0.21 0.15
Sorensen
Mitello nudae—Abietetum holophyllae 0.20 0.16 0.04
Filipendulo palmatae—Juglandenion mandshuricae 0.26 0.19 0.07
Onocleo struthiopteridis—Juglandetum mandshuricae 0.26 0.22 0.05
Fraxino mandshurici—Abietetum holophyllae 0.21 0.15 0.06
Querco mongolicae—Abietetum holophyllae 0.27 0.19 0.08
Querco mongolicae—Abietetum holophyllae typicum 0.27 0.21 0.06
Querco mongolicae—Abietetum holophyllae oxalidetosum acetosellae 0.21 0.16 0.05
Rhododendro mucronulati—-Betuletum schmidtii 0.28 0.17 0.12
Ruzicka’s index
Mitello nudae—Abietetum holophyllae 0.37 0.28 0.10
Filipendulo palmatae—Juglandenion mandshuricae 0.42 0.29 0.13
Onocleo struthiopteridis—Juglandetum mandshuricae 0.42 0.29 0.13
Fraxino mandshurici—-Abietetum holophyllae 0.40 0.31 0.09
Querco mongolicae—Abietetum holophyllae 0.41 0.27 0.14
Querco mongolicae—Abietetum holophyllae typicum 0.41 0.28 0.13
Querco mongolicae—Abietetum holophyllae oxalidetosum acetosellae 0.36 0.30 0.06
Rhododendro mucronulati—-Betuletum schmidtii 0.37 0.28 0.10
Bray-Curtis distance
Mitello nudae—Abietetum holophyllae 0.30 0.22 0.08
Filipendulo palmatae—Juglandenion mandshuricae 0.37 0.25 0.12
Onocleo struthiopteridis—Juglandetum mandshuricae 0.36 0.25 0.11
Fraxino mandshurici—Abietetum holophyllae 0.33 0.25 0.08
Querco mongolicae—Abietetum holophyllae 0.35 0.23 0.12
Querco mongolicae—Abietetum holophyllae typicum 0.35 0.24 0.11
Querco mongolicae—Abietetum holophyllae oxalidetosum acetosellae 0.29 0.24 0.05
Rhododendro mucronulati—-Betuletum schmidtii 0.30 0.23 0.07
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