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Abstract. Protected Areas are considered as an important and widely applied tool for biodiversity conservation. They are especially 
relevant for conservation of threatened species populations. This paper presents study aimed to investigate population status and 
suitability of habitat conditions of a regionally Critically Endangered plant species, Bupleurum aureum (Apiaceae). Our research 
has been conducted in National Park “Smolny” (European Russia). The field studies were carried out in 2008, 2013-2018 in 
two study sites (Plot1, Plot2). In each study sites, square plots (1×1 m) were established to cover the most number of B. aureum 
individuals. The population status was assessed on the basis of the morphometric traits of individuals (height of generative individuals, 
number of umbellulas per umbella, number of schizocarpiums per umbellula), number of individuals per population, age structure 
of populations, composition of accompanying flora. We analysed relationships between environmental conditions (shadiness, soil 
moisture, salt regime of soil, soil nitrogen, soil pH, soil moisture variability) and morphometric and population traits of B. aureum 
to reveal the most influencing environmental factors. We found that at the north-western limit of the range, B. aureum has relatively 
low abundance and height of individuals in compare to available data from other parts of its range. The population age structure in-
dicated higher habitat suitability in Plot1 due to presence of both vegetative and generative individuals. At the same time, in Plot2, 
B. aureum population is under serious threat due to a lack of vegetative individuals noted during almost whole study period. We 
suppose a forthcoming threat of probable loss of this B. aureum population. Environment data obtained in both habitats of B. aureum 
populations in National Park “Smolny” (Russia) indicated high relationships between soil moisture and the number of inflorescences 
formed by plants. We suppose a threat of extinction of the B. aureum population due to the building activity of Castor fiber inhabiting 
the small river Bakhmustika located nearby of study area. If the small river will be dammed, it could lead to decrease in B. aureum 
population in both studied sites due to the increase in ground water level.

Key words: environmental factor, Golden thoroughwax, morphological trait, plant population, Protected Area, Republic of Mordovia.

and dynamics trend of a population are the fundamental 

2011). Rare and threatened plants often tend to have small 
or declined populations posing them vulnerable to environ-
mental and anthropogenic threats (e.g. Zang et al., 2016). 
Other threats to plant species in wild are the population 
location on limits of species’ range or inhabitation in un-
stable substrates. An evaluation of the current population 

1. Introduction

Understanding the ecological and population characteris-
tics of locally rare and/or threatened taxa not only enhances 
an understanding of population dynamics, adaptation and 
evolution, but also provides relevant actual data for bio-
logical conservation (Hedrick & Miller, 1992; Puchnina, 
2017; Samson & Ramakrishnan, 2018). The size, structure, 
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status of threatened species and, in particular, characteris-
tics affecting survival and reproduction in various habitats 
is a necessary condition for successfully preventing their 
extinction (Nurfadilah, 2017; Sudarmono, 2018). It makes 
especially relevant the population studies of the rare, 

2016; Fakhry et al., 2019), global and sub-global IUCN es-

2017) and forthcoming analysis of its results (Saiz et al., 

Bupleurum aureum Fisch. ex Hoffm. is a perennial 
plant, 50 to 120 cm high, with short creeping rhizome. 
Leaves are large, wide elliptical, basal and lower cauline 
with long petiole. Umbellules are 15- to 20-flowered, 6 to 
10 per umbel. Fruits are oblong or ellipsoid, 4.0 to 6.0 mm 
long, and 2.5 to 3.0 mm wide (Pan, 2006). It is an Eurasian 
plant species confined to open forests, forest edges, among 
shrubs, mountain slopes, river banks, rarer – it inhabits 
floodplain meadows in the Central and Eastern Europe, 

Watson, 2005; Pimenov & Ostroumova, 2012). Bupleurum 
aureum is often studied in terms of chemical compounds 
(e.g. Naboka et al., 2014; Glushchenko et al., 2015), and 
successfully stored in botanical gardens (e.g. Galkina & 
Zueva, 2018) with successful seed formation. However, 
despite of the wide native range of the plant species, there 

is a considerable lack of data on the status of B. aureum 
populations. In the Republic of Mordovia (European 
Russia), B. aureum is located at the north-western limits 
of its native range. In the region, it is considered as a rare 
species included in the regional Red Data Book with rarity 
category 2 (vulnerable species) (Silaeva, 2017). According 
to IUCN Guidelines and Criteria, B. aureum was estimated 
as regionally Critically Endangered species in the Republic 

Considering such threatened status and a lack 
of published data on B. aureum populations through the 
whole native range, we aimed to study population status 
and habitat suitability of this species in the National Park 
“Smolny” as an only B. aureum location of in the Republic 
of Mordovia. We addressed following questions: (i) What 
is the current trend of B. aureum population dynamics in 
Central Russia? (ii) What are the main threats to B. aureum 
populations in natural forest ecosystems of Central Russia?

2. Study area

National Park “Smolny” (NPS) is located in North-Eastern 
Mordovia (Central Russia), 54.72° – 54.88° N, 45.07° – 
45.62° E (Fig. 1). It covers 363.86 km2. Pinus sylvestris L. 
is the main forest-forming species in southern part of NPS, 

Figure 1. Location of National Park “Smolny” and study plots in the Republic of Mordovia (A) and Europe (B). Study plots are 
indicated by stars (C)
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whereas broadleaf forests cover its northern part with dom-
ination of Quercus robur L., Tilia cordata Mill., Acer plat-
anoides L., rarely – Fraxinus excelsior L. and Ulmus spp. 
Betula pendula Roth forms secondary (appeared after cut 
pine forests) forest communities mainly in southern part 
of NPS, while Populus tremula L. secondary (appeared 
after cut Q. robur and T. cordata forests) forests are distrib-
uted in the northern part of NPS. Picea abies L. does not 
form self-sustainable forests. Alnus glutinosa (L.) Gaertn. 
forms small forest areas in floodplains of river Alatyr and 
its main tributaries, nearby of eutrophic mires, and water 
bodies (Yamashkin et al., 2000).

3. Material and methods

The field investigations were carried out in 2008, 2013-
2018 to study two the most stable populations in the Na-
tional Park “Smolny” (Plot1 (quarter 4, Alexandrovskoe 
forestry, forest glade adjacent to the narrow clearing, on 
which undergrowth was eliminating during forest manage-
ment actions) – 54.884860 N, 45.505161 E, Plot2 (quarter 
3, Alexandrovskoe forestry, an area recovering after cutting 
of 15 years old ago (by 2008)) – 54.883033 N, 45.480056 
E). For field population-based investigations, five square 
plots (1×1 m) were established in each location to cover 
the most number of individuals of threatened plant.

We estimated the B. aureum populations’ status on 
the basis of the morphometric traits of individuals (height 
of generative individuals, number of umbellas per stem, 
number of umbellulas per umbella, number of schizo-
carpium (hereafter – seeds) per umbellula), number of in-
dividuals per population (except of 2008), age structure 
of populations (ratio and composition of age classes of in-
dividuals), composition of accompanying flora (studied in 
2008, 2013-2016). 

Age structure of B. aureum populations was determined 
by distinguishing all plants to vegetative (v) (non-flower-
ing plants) and generative (g) (flowering plants) individu-
als. We compared age structure of both populations studied 
in National Park “Smolny”.

The nomenclature and taxonomy of all the plants are 
presented in accordance with The Plant List (2013) and 
Euro+Med Plantbase (Euro+Med, 2006+). Jaccard’s simi-
larity index  was calculated, where A = number of species 
in locality A; B = number of species in locality B; C = 
number of species shared between two (A and B) localities 
(Jaccard, 1901).

On the basis of the accompanying flora composition, 
environment factors were estimated in habitats with B. au-
reum in conditions of Mordovia. Environmental conditions 
were estimated according to Tsyganov (1983) ecological 

-
ranged as interval scales. It means that for each plant spe-

cies we can define the range of its existence in relation to 
concrete factor, for instance, soil nitrogen, moisture etc. It 
could be evaluated in conventional units covering the total 
factor longitude from minimum up to maximum in rela-

algorithm suggested by Buzuk & Sozinov (2009). Taking 
into account results of different authors (Cui et al., 2009; 

-
vironmental factors (shadiness (LC according to Tsyganov, 
1983), soil moisture (HD), salt regime of soil (TR), soil 
nitrogen (N), soil pH (RC), soil moisture variability (FH)), 
which have the most influence to status of plant popula-
tions at a local scale.

We tested correlation rate between morphometric and 
population traits of B. aureum -
relation coefficients were estimated according to Chad-
dock scale (Hinkle et al., 2003). The significant correla-
tions (p < 0.05) were visualised using XY graph plots. 
To analyze and visualise the relationships between used 

B. aureum, we used Canoni-
cal correspondence analysis (CCA). We used Pearson’s 
correlation analysis to estimate the relationships between 
the dependent (height of generative individuals, number 
of seeds per umbellula, number of umbellulas per umbella, 
number of vegetative and generative individuals per plot) 
and independent (shadiness (LC), salt regime of soil (TR), 
soil moisture (HD), soil pH (RC), soil nitrogen (NT), soil 
moisture variation(FH)) variables. Statistical analyses were 
carried out using PAST (Hammer et al., 2001) and Micro-
soft Excel.

4. Results and discussion 

4.1. Flora accompanying to Bupleurum aureum  
in study area

As a result of 2008, 2013-2016 research, in flora accompa-
nying to B. aureum, we identified 41 species in Plot1 and 
48 species in Plot2 (Appendix). In general, it is represented 
by plant species of temperate deciduous forests (e.g., Aego-
podium podagraria L., Carex pilosa Scop., Melica nutans 
L.), although some species were representatives of mead-
ow (e.g., Trifolium montanum L., Potentilla norvegica L.) 
or forest-meadow flora (e.g., Trollius europaeus L., Rosa 
majalis Herrm.). Jaccard similarity index showed 48.3% 
similarity between these floristic lists. It suggests moder-
ate similarity of natural conditions in both study sites. Data 
on floristic composition in both sites were used to identify 

-
ditions (Table 1).



48 Gennadiy G. Chugunov, Anatoliy A. Khapugin

No significant differences (p > 0.05) were demonstrat-
ed between Plot1 and Plot2 in terms of environmental fac-

2

moisture in both plots corresponded to regime of moist for-

illumination, corresponding to regime of light forest group, 
and soil moisture variation corresponding to regime of rel-
atively constant soil moisture. Data on soil nitrogen and 
salt regime of soil corresponded to habitat with relatively 
nitrogen-rich and salt-rich soils. Despite of significant dif-
ference between both Plot1 and Plot2 in soil pH, both study 
sites characterised by relatively acid soils with pH about 
5.1-5.5 counted according to Tsyganov (1983). Thus, en-
vironmental conditions of B. aureum habitats in National 
Park “Smolny” correspond to light deciduous forests on 
nitrogen-rich and relatively moistened soils.

Bupleurum aureum 
individuals and population characteristics

The age structure of B. aureum population in both study 
sites (Fig. 2) demonstrated vegetatively oriented popula-

tion type in Plot1 and generatively oriented population type 
in Plot2. Noteworthy, that vegetative individuals were al-
most absent in Plot2, as only one vegetative individual was 
found in this study site (in 2014) during the whole study 
period. It could be a serious threat for the further surviv-
ing of the aging B. aureum population in Plot2 due to an 
absence of vegetative plants. In contrary, in Plot1, B. au-
reum population was characterised by a sufficient number 
of both generative and vegetative individuals. We believe, 
that such proportion of g : v individuals indicates a high 
viability of this population in the National Park “Smolny”, 
because seed and vegetative reproduction are obviously 
observed here.

The height of B. aureum didn’t differ significantly be-
tween both sites (Fig. 3). During all study years, it varied 

-
erage) in Plot2. Our results showed lower height values 
than in Pre-Urals region, where B. aureum formed higher 
(from 64 cm to 134 cm) generative individuals (Mingaz-

-
er values of height in generative B. aureum individuals 

Table 1. Mean environmental indicator values in two Bupleurum aureum locations in the National Park “Smolny” on the basis 
of Tsyganov (1983) scales

Year HD RC LC FH

Plot1

2008 12.9 6.3 5.9 6.4 4.7 2.5

2013 12.6 5.9 5.9 6.4 4.5 3.0

2014 12.7 6.0 6.2 6.5 4.5 2.6

2015 12.3 6.2 5.6 6.8 4.6 2.9

2016 12.3 6.2 5.6 6.8 4.6 2.9

Mean 12.6 6.1 5.9 6.6 4.6 2.8

Plot2

2008 12.3 6.4 5.7 6.8 4.5 2.6

2013 13.2 6.2 5.4 7.1 4.6 2.4

2014 12.7 6.3 6.8 7.1 4.9 2.4

2015 12.3 6.0 5.5 7.1 4.5 3.0

2016 11.9 6.5 5.5 7.0 4.0 3.2

Mean 12.5 6.2 5.8 7.0 4.5 2.7

according to Tsyganov (1983) 1-23 1-19 1-11 1-13 1-9 1-11

Note
pH, NT – soil nitrogen, FH – soil moisture variation.
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found in the National Park “Smolny”. Our results are more 
similar with data obtained in the North of European Rus-

average with variation from 86 cm to 107 cm (Echishvili 
& Portnyagina, 2015). Most probably, similar results are 
explained by the peripheral (i.e. at the range limits) loca-
tion of B. aureum
Republic of Mordovia.

Study of morphometric traits of B. aureum individu-
als found at study sites in 2008, 2013-2018 demonstrated 
fluctuations in number of seeds produced per umbellula 
(Fig. 4). Its peak was observed in 2014-2015 followed by 
decline of its parameter in 2016 with the further increase. 
Noteworthy, an increase in seed number produced per um-
bellula was accompanied by decline in number of umbel-
lula per umbella. Fig. 4 showed that averaged seed pro-
ductivity was 2.7-14.8 seeds per umbellula in both study 
sites. It could be considered as very high values taking into 

 
Figure 2. The changes in age structure of Bupleurum aureum populations during 2008, 2013-2018 in two study sites in the National 

Park “Smolny” (Russia). Designations: v – vegetative individuals, g – generative individuals

Figure 3. The changes in height of generative individuals of Bupleurum aureum during 2008, 2013-2018 in two study sites in the 
National Park “Smolny” (Russia)
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account that B. aureum has typically 15-20 flowers per 
umbellula (Podgaevskaya, 2002; Pan, 2006). 

4.3. Relations between environment and plant 
population traits

To reveal relationships between tested environmental fac-
tors and morphometric and population traits of B. aureum, 
we conducted canonical component analysis (CCA) (Fig. 
5), where environmental factors (according to Tsyganov, 
1983) acted as environmental variables. Noteworthy, en-
vironment conditions were similar at the first years of the 
study (2008, 2013), when both populations were under 
influence of moderate human pressure. So, Plot1 was lo-
cated nearby of managed narrow clearing, while Plot2 was 
located in forest community recovering after cutting off 
of about 12 years before 2008. During the following study 
years (2013-2016), in site Plot2, environment conditions 
became obviously different of site Plot1 due to natural 
recovery of forest community. In contrary, in site Plot1, 
environment conditions were maintaining permanent be-
cause of the forest management actions aimed to cutting 
the undergrowth at the narrow clearing located nearby. In 
Plot1 (Fig. 5), the habitat illumination and soil moisture in 
forest community were decreasing during the study period 
according to direction of biplot arrows. Obviously, it was 
caused by undergrowth development, causing changes in 

et al., 2016b; Yang et al., 2018). At the same time, anthro-
pogenically maintained conditions of Plot2 did not differ 
significantly between study years (Fig. 5). Taking into ac-
count phytoindication data of Tsyganov (1983) scales, Fig. 
5 demonstrated similar environmental conditions in both 
B. aureum habitats in 2008, followed by their forthcoming 

distinguishing caused, probably, by natural succession in 
site Plot1.

Because of relationships between different environ-
mental variables are already known (e.g. Butterbach-Bahl 
et al., 2013; Fan et al., 2015; Justine et al., 2017), we fo-
cused on relationships between environmental factors and 
morphometric and population traits of B. aureum, as well 
as between different morphometric and population pa-
rameters. Table 2 demonstrated an absence of very high 
correlation between environmental and dependent vari-
ables. We found high significant correlation between soil 
moisture and number of umbellulas per umbella (negative, 
p = 0.015) and between habitat shadiness and soil mois-
ture variation (positive, p = 0.005). The moderate signifi-
cant correlation coefficients were recorded between height 
of generative plants and number of seeds produced by an 
umbellula (negative, p = 0.033). Cases of significant cor-
relation (p < 0.05) are presented in Fig. 6.

Our correlation analysis showed low correlation coef-
ficients between environmental factors and morphometric 
and population parameters in B. aureum habitats. Fig. 6 
demonstrated significant correlations only between num-
ber of umbellulas per umbella and soil moisture and soil 
moisture variation. It underlines a leading role of soil mois-
ture regime in a habitat to support B. aureum surviving in 
the National Park “Smolny”. Our assumption is confirmed 
by data stated that water is considered as a leading factor 
determining structure and dynamics of plant communities 

2018).
Among other environmental factors demonstrated mod-

erate correlations with low significance, we can indicate 
habitat illumination and soil nitrogen. These factors were 
considered as leading determinants of habitat suitability for 

Figure 4. The dynamics in number of umbellulas per umbella (NoUpU) (left Y axis) and number of seeds produced per umbellula (No-
SpU) (right Y axis) of Bupleurum aureum during 2008, 2013-2018 in two study sites in the National Park “Smolny” (Russia)



Figure 5. Canonical correspondence analysis (CCA) ordination diagram with data from Plot1 (blue dots) and Plot2 (red dots), and 
environmental indicator values as variables (biplot arrows); first axis is horizontal, second axis is vertical. The involved 
years are 2008, 2013, 2014, 2015, 2016. The environmental indicator variables according to Tsyganov (1983) scales are: 
LC – shadiness, TR – salt regime of soil, HD – soil moisture, RC – soil pH, NT – soil nitrogen, FH – soil moisture variation

Table 2. Correlation and p-values matrix of the environmental indicator values and morphometric and population traits of Bupleurum 
aureum in the National Park “Smolny” (method – Pearson)

HD RC LC FH HoGP v g

HD 0.411 0.386 0.727 0.026 0.005 0.974 0.015 0.979 0.521 0.344

-0.293 0.911 0.269 0.410 0.818 0.523 0.720 0.194 0.799 0.309

0.309 -0.041 0.451 0.118 0.094 0.229 0.122 0.360 0.786 0.430

RC -0.127 0.387 -0.270 0.823 0.724 0.668 0.370 0.808 0.560 0.961

LC 0.693* -0.294 0.527 -0.082 0.027 0.1700 0.099 0.448 0.628 0.214

FH -0.811* 0.084 -0.558 -0.128 -0.692* 0.391 0.019 0.534 0.662 0.268

HoGP 0.012 0.230 -0.418 -0.156 -0.471 0.306 0.841 0.033 0.166 0.561

-0.739* 0.130 -0.522 0.318 -0.550 0.721* 0.073 0.667 0.280 0.054

0.010 -0.448 0.325 0.089 0.271 -0.224 -0.672* 0.156 0.383 0.192

v -0.231 -0.093 -0.099 -0.210 0.176 0.159 -0.474 0.379 0.310 0.243

g -0.335 -0.359 -0.282 -0.018 -0.431 0.388 -0.210 0.625 0.450 0.407

Note: Linear r (Pearson) values are below diagonal, p values are above diagonal. Cells with high positive (negative) correlation are 
in dark gray; cells with moderate positive (negative) correlation are in light gray. Designations: LC – shadiness, TR – salt regime 
of soil, HD – soil moisture, RC – soil pH, NT – soil nitrogen, FH – soil moisture variation, HoGP – height of generative plants, 
NoUpU – number of umbellulas per umbella, NoSpU – number of seeds formed by umbellula, v – vegetative individuals, g – 
generative plants; asterisk indicates significant values (p < 0.05).
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& Diggelen, 2004; Seregin, 2014; Hrivnak et al., 2015; 
Skrzypek et al., 2015). Perhaps, their small influence on 
traits of B. aureum population could be explained by bio-
logical preferences of the threatened species.

5. Conclusions

The conducted population-based studies of B. aureum at 
the north-western limit of its range demonstrated relatively 
low abundance of individuals in both habitats investigated. 
Generative individuals were lower than B. aureum plants 
in some other parts of the range. We found that age struc-
ture of the threatened plant in one site (Plot2) indicated 
favourable conditions due to appropriate number of both 
vegetative and generative individuals, while, in Plot1, B. 
aureum population was under serious threat due to a lack 
of vegetative individuals during almost ten study years. We 
suppose the local extinction of this population or its transi-
tion to a rest state in future.

The development of conservation plant for any threat-
ened species needs obtaining a large amount of information 
about a target species, as well as about habitat conditions 
and, if possible, local dynamics of environmental factors. 
Data obtained for B. aureum population in the National 
Park “Smolny” indicated high correlation between soil 
water and the number of inflorescences formed per plant. 
This could threaten further survive of the B. aureum popu-
lation in the National Park “Smolny” due to the building 
activity of Castor fiber Linnaeus, 1758 on the small river 

Bakhmustika located nearby of both study sites (personal 
observations, 2013-2019). The found negative correlation 
between inflorescences’ number and soil water allows us to 
suppose the future decline in B. aureum population due in-
crease in ground water level affected by damming of small 
river Bakhmustika.
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Appendix

Table. S1. List of plant species accompanying to Bupleurum aureum in the National Park “Smolny” (Russia)

Species Family Plot1 Plot2

Acer platanoides L. Sapindaceae Y Y

Achillea millefolium L. Compositae N Y

Clinopodium acinos Lamiaceae Y Y

Aconitum septentrionale Ranunculaceae Y N

Aegopodium podagraria L. Apiaceae Y Y

Angelica sylvestris L. Apiaceae Y Y

Anthriscus sylvestris (L.) Hoffm. Apiaceae Y Y

Asarum europaeum L. Aristolochiaceae Y Y

Betula pendula Roth Betulaceae Y Y

Bromus inermis Leyss. Poaceae N Y

Calamagrostis epigeios (L.) Roth Poaceae N Y

Campanula persicifolia L. Campanulaceae N Y

Campanula trachelium L. Campanulaceae Y Y

Carex pilosa Scop. Cyperaceae Y Y

Centaurea phrygia L. Compositae Y Y

Dactylis glomerata L. Poaceae Y N

Daphne mezereum L. Thymelaeaceae N Y

Equisetum sylvaticum L. Equisetaceae Y N

Euonymus verrucosus Scop. Celastraceae Y Y

Festuca gigantea Poaceae Y N

Filipendula ulmaria (L.) Maxim. Rosaceae Y N

Fragaria moschata (Duchesne) Duchesne Rosaceae N Y

Fragaria vesca L. Rosaceae Y Y

Frangula alnus Mill. Rhamnaceae Y Y

Galium verum L. Rubiaceae N Y

Geranium sylvaticum L. Geraniaceae Y N



Species Family Plot1 Plot2

Geum urbanum L. Rosaceae Y Y

Glechoma hederacea L. Lamiaceae Y Y

Hypericum perforatum L. Hypericaceae N Y

Knautia arvensis (L.) Coult. Caprifoliaceae Y Y

Lamium maculatum (L.) L. Lamiaceae Y Y

Lathyrus vernus (L.) Bernh. Leguminosae Y Y

Lonicera xylosteum L. Caprifoliaceae N Y

Malus sylvestris (L.) Mill. Rosaceae N Y

Melampyrum nemorosum L. Orobanchaceae Y Y

Melica nutans L. Poaceae Y N

Mercurialis perennis L. Euphorbiaceae Y Y

Prunus padus L. Rosaceae Y N

Pimpinella saxifraga L. Apiaceae N Y

Poa nemoralis L. Poaceae Y Y

Populus tremula L. Salicaceae Y Y

Potentilla norvegica L. Rosaceae N Y

Primula veris L. Primulaceae N Y

Pyrus communis L. Rosaceae N Y

Quercus robur L. Fagaceae Y Y

Ranunculus cassubicus L. Ranunculaceae N Y

Rosa majalis Herrm. Rosaceae N Y

Rubus saxatilis L. Rosaceae Y Y

Solidago virgaurea L. Compositae Y N

Sorbus aucuparia L. Rosaceae N Y

Stachys sylvatica L. Lamiaceae Y N

Stellaria graminea L. Caryophyllaceae N Y

Stellaria holostea L. Caryophyllaceae Y Y

Tilia cordata Mill. Malvaceae Y Y

Trifolium montanum L. Leguminosae N Y

Trollius europaeus L. Ranunculaceae Y Y

Veronica chamaedrys L. Plantaginaceae Y N

Veronica longifolia L. Plantaginaceae N Y

Viola mirabilis L. Y N

Note: Y – species is presented; N – species is absent.
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