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Summary: Protected areas are widely considered as tool for biodiversity conservation on a global
scale. Current lack of data on biodiversity and threats in federal Russian protected areas is recognised.
It especially concerns patterns of spatial plant distribution in natural ecosystems in both Russia
and the whole world. Hence, research of plant diversity in protected areas is very important to
obtain comprehensive knowledge on the functioning and management of plant diversity refugia.
We aimed to study the most threatened component of plant diversity (i.e. Red Data Book species)
in the Mordovia State Nature Reserve located in European Russia. We used personal (2010-2018)
and literary (1936-2009) data to obtain information on habitat preferences, [UCN status, year of
the first record, spatial plant distribution in protected area and taxon’s representativeness index (RI)
for 47 protected vascular plant species currently known in the Mordovia State Nature Reserve. We
demonstrate the higher species richness in the vicinity of some research stations and its decrease
when moving away from them. These results highlight the significance of biodiversity research. It
also outlines the need to inverstigate less-studied areas (white gaps) in the Mordovia State Nature
Reserve. During the preparation of the flora list for the Mordovia State Nature Reserve, we recognised
an increase of the number of Red Data Book species. We thus indicate two major peaks (ending in
1960 and the other in 1987) and one insignificant peak (2013-2016) of species number increasing
within the protected area. 63.9% of the total number of protected plant taxa are confirmed by only
1-4 records: 14 Critically Endangered, nine Endangered, four Vulnerable and two Data Deficient
species. This underlines the need for additional investigations. Seven plant species growing in the
Republic of Mordovia occurr only in the protected area, which highlights the uniqueness of the
Mordovia State Nature Reserve for conservation of plant diversity. We suggest further studies of plant
diversity in the Mordovia State Nature Reserve and a comprehensive analysis of patterns of spatial
plant distribution in the protected area.

Keywords: biodiversity, habitat preference, Mordovia State Nature Reserve, nature conservation,
protected species, representativeness index

Global biological diversity is seriously decreasing due to human influences. They are represented
by habitat destruction, fragmentation and pollution, direct persecution, extinction of species and
climate change (GasTon et al. 2008; ButcHART et al. 2010; MiziN et al. 2018). The consequent
declining of diversity impacts local ecosystems (Diaz et al. 2006; BEREZENKO & MILCHAKOVA
2018; GEBREMEDIHIN et al. 2018) and also biodiversity on regional and global scales (Farrn
etal. 2010). Furthermore, GOETTSCH et al. (2015) demonstrated that the conservation of plant
diversity attracts considerably less attention than the animal conservation, because plants are less
popular than animals. As a result, plant conservation is considerably under-resourced compared
to the conservation of animals (HavENs et al. 2014).

The national protected area networks are the main global tool to conserve local to regional
biodiversity. Protected areas (PA) are considered the most effective effort to protect characteristic
or threatened species, habitats and ecosystems and to counteract the biodiversity loss (GELDMANN
et al. 2013; CoeTzeE et al. 2014; GRray et al. 2016; WatsoN et al. 2016). At present, protected

53



A.A. KuarvuciNn & A.B. RucHIiN

area network covers globally about 14.9% of the world’s terrestrial land surface (BELLE et al.
2018). Numerous studies are concentrated on different types of protected areas, e.g. nature
reserves, national parks, etc. Sometimes, PAs are considered the only remaining stock sites
for species” populations (Jackson & Gaston 2008), the existence of which depends on PA
effectiveness. MARGULEs & PREssey (2000) stated two primary objectives of protected areas.
First, protected areas must include a sample of biodiversity and, preferably, a large percentage,
with a particular emphasis on rare, threatened or other taxa having significant conservation
concern. Second, protected areas must protect or buffer the biodiversity sample from threatening
processes. However, the first objective gets much more attention and number of studies (e.g.
MARTINEZ et al. 2006; Pawar et al. 2007; RucHIN & Ecorov 2017; KoLYUCHKINA et al.
2018), although estimation of qualitative biodiversity patterns is not less important in the line
of nature conservation. In most cases, the studies resulted in conclusions about inefhiciency of
protected area networks in different regions worldwide (e.g. KHapuGIN et al. 2017b; Xu et al.
2018; KukkoNeN & Tammr 2019) and, consequently, included recommendations on their
improvement. Plants are the backbone of life on earth and are essential for human wellbeing (Kier
et al. 2005; CorLeTT 2016), where only seed plants comprise about 400000 taxa (GOVAERTS
2001). In this context, studies of plant diversity, especially of rare and threatened species, in
protected areas are extremely important.

Red Lists and Red Data Books are essential tools in biodiversity protection and in generating
public and policy support for species conservation (CoLLAR 1996; RODRIGUES et al. 2004;
PeTROVA & VLADIMIROV 2009). Listing species according to the conservation significance and
extinction risk is an essential tool for estimating the efliciency of species conservation policy (MAacg
et al. 2008). Vascular plants, as organisms determining the natural conditions in ecosystems, need
special attention in planning and forming regional, national and global Red Lists.

In this study, we aimed to investigate the current state of Red Data Book plant diversity in a
protected area in European Russia (Republic of Mordovia), the Mordovia State Nature Reserve. It
was established in 1936 and botanical studies started directly, resulting in the 1*list of the flora of
the Mordovia State Nature Reserve (Kuznersov 1960), later supplemented by TsINGER (1966).
The republication of the Mordovia State Nature Reserve’s flora was the next step of the floristic
investigation. After 20 years lack of data, it was finished including additions by TERESHKIN &
TERESHKINA (20006). During 2009-2018, in the framework of an intensive investigation of the
protected area’s botanical diversity, new species have been discovered for the first time in the
Mordovia State Nature Reserve, including rare and threatened plant species (KHAPUGIN et al.
2012, 2013a, 2013b, 2015b). Population-based investigations have been carried out for some
plant species (Kuarucin 2017; KHAPUGIN et al. 2015a, 2016a, 2017a). As a result of long-
term studies of plant diversity in the Mordovia State Nature Reserve and the whole Republic of
Mordovia, all species of the Red Data Book of the Republic of Mordovia (StLaeva 2017) have
been estimated using [UCN categories and criteria (KHAPUGIN et al. 2017d). The first stage of
systematic conservation planning includes general information on the locations of threatened and
regionally rare and protected species in a region or in parts of it (MARGULEs & Pressey 2000).
The accumulated data on diversity of Red Data Book plants of the Mordovia State Nature Reserve
allowed us to analyse their current state on the eve of the recently published Red Data Book of
the Republic of Mordovia (SiLagva 2017) and the flora synopsis of the Mordovia State Nature
Reserve (VARGOT et al. 2016a).
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Materials and Methods
Study area

The Mordovia State Nature Reserve is located in the northwest of the Republic of Mordovia in
Russia: 54.42-54.56 N, 43.04—43.36E, up to 190m a.s.l., 321.62 km? (Fig. 1). Its flora includes
809 species from 99 families (VARGOT et al. 2016a).

Forest communities cover 89.3% of the total area. Pinus sylvestris L. is the main forest-forming
wood species in the reserve. It forms pure or mixed forest communities. Betula pendula Roth
ranks in the second place forming predominantly secondary communities at logging sites and at
burnt forest sites. 77lia cordata Mill. forests are encountered in the northern part of the Mordovia
Reserve. Quercus robur L. forests are distributed in floodplains of the Moksha river in the western
part. Picea abies L. forests are located predominantly in floodplains of rivers and streams (Pushta,
Vyaz-Pushta, Vorsklyay, Arga, etc.) and cover only small areas. There are numerous oligotrophic
mires dominated by Sphagnum or Sphagnum-Carex communities. Floodplain meadows are
situated mainly in floodplains of Satis river and Moksha river in western and northwestern sites
of the protected area (TERESHKIN & TERESHKINA 2006; VARGOT et al. 2016a).

Data collection and analysis

For investigations, we used vascular plant species of the Mordovia State Nature Reserve, which
are included in the Red Data Book of the Republic of Mordovia (SiLaEva 2017). We analysed
herbarium data from collections HMNR, GMU and MW. Other information was extracted from
currently available publications on the flora of the Mordovia State Nature Reserve (KuzneTsov
1960; BoroDINA et al. 1987; VaRrGoOT et al. 2016a).

Figure 1. Location of the Mordovia State Nature Reserve. Red symbols within the Mordovia State Nature Reserve
are research stations.
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We estimated an increase of the number of Red Data Book plant species in the Mordovia State
Nature Reserve during 1936-2018. For this purpose, we ascertained data of the first record of
each protected species in the studied area. Thus, we counted the total number of Red Data Book
plants. We also considered separately the first records which have been rediscovered later and
those which have not been rediscovered. Plant populations more than 500 m apart from each
other were considered as separate locations. We assigned all records of plants to quarters of the
Mordovia State Nature Reserve. A quarter is a square forestry unit (ca. 1x1km) surrounded by
clearings from south to north and from west to east. Hence, species distribution along quarters
is similar to the grid mapping method using 1 km? cell size.

To reveal patterns of spatial distribution of protected vascular plants in the Mordovia State
Nature Reserve, we counted the number of Red Data Book species per quarter of the protected

area. We used these data to create the range map showing biodiversity hotspots and coldspots
of Red Data Book plants.

We analysed the species confinement to different habitats. We distinguished following habitat
types: forests (incl. burned coniferous forest, coniferous forest, deciduous forest, mixed forest),
floodplain meadows, water bodies (incl. shores), man-made habitats (i.e. roadsides, arable lands,
etc.) and Sphagnum mires.

To calculate the Representativeness Index of each protected vascular plant in the Mordovia State
Nature Reserve, we proposed and used the following formula:

N
RI-——" . 100%

TOTAL
RI — Representativeness Index (RI) of a taxon, /Vp; — the number of taxon’s locations known
within a protected area, Nz, — the total number of taxon’s locations within a region (in this

study, it is the Republic of Mordovia).

Depending on the RI values, we distinguished all protected plants of the Mordovia State Nature
Reserve into the following four quartiles: Q1 with RI values 76-100%, Q2 with 51-75%, Q3
with 26-50% and Q4 with RI values from 0.1-25%. To demonstrate the conservation status
of vascular plant species involved in the present study, we used the IUCN categories assigned to
each taxon according to KHAPUGIN et al. (2017d).

All calculations have been conducted using Microsoft Excel software. Contour map has been
created using Surfer 11 and Maplnfo 11.5 software.

Results

As a result of long-term botanical studies in the Mordovia State Nature Reserve and generalisation
of available publications, we have obtained data on 47 protected vascular plants in the protected
area (Table 1). Cypripedium calceolus (L.) Rich., Cephalanthera rubra L. and Neottianthe cucullata
(L.) Schltr. are included in the Red Data Book of the Russian Federation (BARbuNoOv & Novikov
2008), which come to 20% of the total number of plant species of the Red Data Book of
Russian Federation known in Mordovia. We excluded three species (Caulinia tenuissima (A. Br.
ex Magnus) Tzvelev, Rhynchospora alba (L.) Vahl, Elatine hydropiper L..) from our analysis, because
these plants are currently located outside the protected area. They are situated within Closed
Administrative Territorial Formation Sarov. This area was a part of the Mordovia State Nature
Reserve earlier (KHAPUGIN et al. 2015a; VARGOT et al. 2016b).
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Table 1. The list of Red Data Book plant species known in the Mordovia State Nature Reserve (European Russia).

. . Regional Red List Global Red List
Species Habitacs | RI. % (KHAP%IGIN eral. 2017d)| (IUCN 2018)
Alnus incana (L.) Moench DE MMH | 100.0 CR LC
Andromeda polifolia L. SM 53.3 NT LC
Botrychium virginianum (L.) Sw. DF 50.0 CR -
Carex chordorrbiza Ehrh. SM 50.0 CR LC
Carex disperma Dew. CE DE SM | 57.1 EN -
Carex limosa L. SM 15.4 VU LC
Carex paupercula Michx. CE MF | 80.0 CR -
Carex rhynchophysa C.A. Mey. CE MF | 50.0 EN -
Cephalanthera rubra (L.) Rich. CF 27.3 CR -
Corallorhiza trifida Chatel. CE DF 55.6 CR -
Cypripedium calceolus L. CE DF 16.7 EN LC
Dactylorhiza maculata (1.) Sod DF 50.0 EN —
Diplazium sibiricum (Turcz. ex G. Kunze) Kurata UNC 100.0 DD -
Drosera rotundifolia L. SM 19.2 NT LC
Eriophorum latifolium Hoppe CF 25.0 EN LC
Galium triflorum Michx. CE DF 75.0 CR LC
Glyceria lithuanica (Gorski) Gorski CE DF 66.7 CR -
Goodyera repens (L.) R. Br. CE MF 82.6 EN —
Gratiola officinalis L. FM, MMH | 35.7 VU LC
Gymnadenia conopsea (L.) R. Br. CE MF | 50.0 VU -
Hieracium arcuatidens (Zahn ex Petunn.) Uksip MF 100.0 DD -
Holcus mollis 1. CF 100.0 CR -
Huperzia selago (L.) Bernh. & Schrank et Mart. | CE MF | 75.0 CR -
Iris sibirica L. FM 14.3 NT -
Juniperus communis L. CF 35.9 NT LC
Lerchenfeldia flexuosa (L.) Schur CF 100.0 CR DD
Linnaea borealis . CF 55.4 NT -
Listera cordata (1..) R. Br. CE MF 100.0 CR -
Lunaria rediviva 1. DF 66.7 EN LC
Lycopodiella inundata (L.) Holub SM 33.3 VU LC
Malaxis monophyllos (L.) Sw. CF 50.0 EN -
Moneses uniflora (L.) A. Gray CE DE MF | 41.2 EN -
Neottianthe cucullata (L.) Schlecht. CE MF 35.0 EN -
Oxycoccus palustris Pers. SM 27.9 NT LC
Pedicularis dasystachys Schrenk FM 100.0 CR -
Polygala wolfgangiana Bess. ex Szafer, Kulcz. & CF 50.0 CR B
Pawt.

Poramogeton alpinus Balb. WBS 60.0 EN LC
Potamogeton obtusifolius Mert. & Koch WBS 30.8 VU LC
Potamogeton praelongus Wulfen WBS 16.7 VU LC
Pulsatilla patens (L.) Mill. CF 20.4 NT -
Pyrola media Sw. CE DF 55.6 EN -
Ranunculus trichophyllus Chaix WBS 12.5 EN LC
Salix lapponum L. SM 9.1 EN —
Scheuchzeria palustris 1. SM 44.4 EN LC
Senecio tataricus Less. DF 20.0 EN -
Trapa natans L. WBS 5.3 NT LC
Viola uliginosa Bess. DF 50.0 CR -

Note: RI — representativeness index; CF — coniferous forest; DF — deciduous forest; MF — mixed forest; FM —
floodplain meadow; WBS — water body and shore; MMH — man-made habitats; SM — Sphagnum mire.
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Figure 2. Number of protected vascular plant species depending on record number confirming their presence in the
Mordovia State Nature Reserve.

All Red Data Book plants have been found in 265 locations in the Mordovia State Nature Reserve.
Most of them (42.6% of total species number) are represented by 1-2 records in the protected
area (Fig. 2). At the same time, 21.3% (10 species) and 14.9% (seven species) are known in the
Mordovia State Nature Reserve based on 3—4 and 5-6 records respectively. Only three Red
Data Book species (Pulsatilla patens (L.) Mill., Juniperus communis L., Linnaea borealis L.) are
represented by more than 20 records.

Generalised data on the increase of the number of Red Data Book species in the Mordovia State
Nature Reserve in 1936-2018 demonstrate a non-linear trend curve (Fig. 3). In the 1960 peak,
all previous records mentioned by Kuznersov (1960) were included, even if these plant species
had been found before 1960. Herbarium specimens were not indicated in this publication.
Noteworthy, the first finding of the protected Moneses uniflora (L.) A. Gray in the protected area
was made in 1928 (KuzneTsov 1960), eight years before the establishment of the Mordovia
State Nature Reserve. We could distinguish several periods, when richness of Red Data Book
species increased considerably in the Mordovia State Nature Reserve, i.e. before 1960 and before
1987. There was a long period (1985-2013), when only one species (Polygala wolfgangiana
Bess. ex Szafer, Kulcz. & Pawt. (= Polygala podolica DC. according to THE PrantLisT (2019)])
was found for the first time in the Mordovia Reserve. At the same time, there was a slightly
active period (2013-2016) reflecting an increase of species richness from 44 to 47 species. It is
important that a significant part of the first records of protected species was not rediscovered

later (Fig. 3).

Processing of data on spatial distribution of protected plants in the Mordovia State Nature Reserve
allowed us to indicate biodiversity hotspots and coldspots in this protected area (Fig. 4). The created
range map demonstrates several biodiversity hotspots in south-west and in central Mordovia State
Nature Reserve. These points of highest species richness are confined to the research stations
(Fig. 1). The neighbourhoods of the settlement Pushta and the research stations Dolgiy Most,
Pavlovskiy, Polyanskiy, Inorskiy, Taratinskiy are richest in protected plant species. At the same
time, we noted a few small areas with the lowest number of protected plant species, predominantly
in the northwestern and eastern parts of the Mordovia State Nature Reserve (Fig. 4).
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Figure 3. The increase of the number of the Red Data Book vascular plant species in the flora of the Mordovia State
Nature Reserve in 1936-2018. TNS — total number of protected species discovered the Mordovia State Nature Reserve;
RDS — number of species which have been rediscovered in the Mordovia State Nature Reserve; NRDS — number of
species which have not been rediscovered in the Mordovia State Nature Reserve.

Analysis of habitat confinement of protected plants show an undoubted predominance of
coniferous forests as refugia of threatened species in the Mordovia State Nature Reserve (Fig. 5).
This is evidenced by more than 60% of all records of protected plant species in pine and spruce
forests. A significant number of records (10.7% of total) has been discovered in deciduous forests,
whereas only eight locations of Red Data Book plants have been found in ecotonal (mixed)
forests.

I¢’s noteworthy that a considerable proportion of records (15.7% of the total number) has been
revealed in Sphagnum mires, despite its small area in the studied protected area (5.58km?” or

Figure 4. Contour map showing the number of Red Data Book vascular plant species per quarter of the Mordovia
State Nature Reserve.
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Figure 5. Habitat preferences of Red Data Book vascular plant species in the Mordovia State Nature Reserve.

1.7% of total area of the Mordovia State Nature Reserve, according to GRISHUTKIN (2011); pers.
comm. O.G. Grishutkin). At the same time, the least number of locations of protected plant
species (0.8%) has been found in man-made habitats (Fig. 5).

We analysed data on Representativeness Index for protected plant species in the Mordovia State
Nature Reserve by applying five IUCN categories. Figure 6 shows that proportion of 4™ quartile
species decreased with an increase of threat category (from NT to EN), while the number of the
most representative plant species increased from EN to CR. At the same time, all Data Deficient
(DD) taxa (Diplazium sibiricum (Turcz. ex G. Kunze) Kurata, Hieracium arcuatidens (Zahn ex
Petunn.) Uksip) had 100% value of Representativeness Index.

Conservation value of a protected area is indicated by species, which are known exactly in this
territory within a region. With a certain degree of conditionality, such species can be considered
as ‘regional endemics’. As a result of RI value calculation, we distinguished a group of the Red
Data Book plant species, which is known in the region (Republic of Mordovia) only within
the Mordovia State Nature Reserve (i.e. RI=100%). These are two Data Deficient species
(Diplazium sibiricum, Hieracium arcuatidens) and five Critically Endangered species (Alus incana
(L.) Moench, Holcus mollis L., Lerchenfeldia flexuosa (L.) Schur (= Deschampsia flexuosa (L.)
Trin.), Listera cordata (L.) R.Br., Pedicularis dasystachys Schrenk).

As all plants included in the Red Data Book of the Republic of Mordovia have been estimated
according to the IUCN criteria and categories (KHAPUGIN et al. 2017¢, 2017d), we show the
proportion of five [IUCN categories (DD, CR, VU, EN, NT) in terms of the number of protected
plant species known in the Mordovia State Nature Reserve in this study (Fig. 7). In addition, we
compare it with the same categories of Red Data Books of the Republic of Mordovia (Kuarucin
etal. 2017d), Bulgaria (PEEv et al. 2015), Poland (KaZmierczakowa et al. 2014) and with Red
Lists of complete floras of the following European countries: Slovakia (ELIAS JRr. et al. 2015),
Bulgaria (PETROVA & ViaDIMIROV 2009) and Hungary (BAriNa et al. 2007).

We noticed that Red Data Books of European countries (e.g. Poland and Bulgaria) are characterised
by a low proportion or absence of Near Threatened taxa. At the same time, the Red Data Book
of the Republic of Mordovia includes a significant proportion of NT species (17.5% of total).
Approximately the same proportion of species with this threat category is found in Red Lists of
complete floras in countries of Central Europe (Fig. 7). We also noticed the obviously higher
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Figure 6. Proportions of quartiles of Representativeness Index values for Red Data Book vascular plants in the Mordovia
State Nature Reserve.

proportion of Critically Endangered and Endangered taxa in Red Data Books compared to red
lists of vascular plants (Slovakia, Bulgaria, Hungary), in which Near Threatened taxa had higher
proportion.

Discussion

Assessment of existing protected areas efficiency could be carried out by different methods
on a global scale (WiErRzBOWSKA et al. 2012; D’AMEN et al. 2013; RODRIGUEZ-RODRIGUEZ &
MAaRTINEZ-VEGA 2018), e.g. estimation of composition, conservation status and representativeness
of taxa within protected area networks (Du et al. 2018; HorrmaNN et al. 2018; RiBEIRO et al.
2018). These indicators could be different even for closely located areas (KaLikaman 2007; BALpr
etal. 2018). Russian protected areas cover 12.3% (including 3.7% of federal PAs) of the total

Figure 7. Proportions of IUCN categories applied to the Red Data Book vascular plants in the Mordovia State Nature
Reserve. [FMSNR-RDB] this study, [FRM-RDB] the whole territories of the Republic of Mordovia (KHAPUGIN et al.
2017d), [FB-RDB] Bulgaria (PEev etal. 2015), [FP-RDB] Poland (Kazmierczakowa et al. 2014), and [FS] the
whole flora list of Slovakia (ELIAS jUN. et al. 2015), [FB] Bulgaria (PETROVA & ViaDIMIROV 2009), [FH] Hungary
(BariNa et al. 2007).
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area of Russian Federation. However, numerous global reviews and assessments of biodiversity
demonstrate a lack of data from Russia and CIS countries (e.g. YEssoN et al. 2007; MEYER
etal. 2016; KeHOE et al. 2017; TEDERs0O et al. 2018). Therefore, the present study on status
assessment of protected plant species in a protected area of European Russia is an important
contribution to the knowledge of threatened biodiversity of Europe and Eurasia as a whole.

Our study demonstrated that the Mordovia State Nature Reserve includes populations of 26.6%
of total number of Red Data Book plant species known in the Republic of Mordovia. At the
same time, 40.2% Red Data Book plants of Mordovia confined to steppes are not able to grow
in this area due to the absence of suitable biotopes (KHaPUGIN & Siraeva 2013; KHAruGIN
etal. 2017b), because most area of the Mordovia State Nature Reserve is covered by forest
communities. We propose that the number of Red Data Book (= threatened) plant species per
protected area could be dependent on diversity of plant communities within this territory. For
instance, a high number of Red Data Book plants has been noted in the Karadag State Nature
Reserve (39% of the total number of plant species included in the Red Data Book of the Crimean
Republic, see KosTeEnko 2016) and in National Park ‘Belovezhskaya Pushcha’ (34.1% of the
total number of plant species included in the Red Data Book of Belarus, see Vasiryevicu 2019).
Both protected areas are characterised by a high diversity of plant communities. A less proportion
of Red Data Book plant species per PA has been noted in Pirin National Park (20.0% of the
total number of plant species included in the Red Data Book of Bulgaria, see PEev et al. 2015)
and in Uzhansk National Park (18.3% of the total number of plant species included in the Red
Data Book of Ukraine, see Kricsrarusy et al. 2010). These protected areas are characterised by
a intermediate degree of phytocoenotic diversity. Finally, only 12% of the total number of plant
species included in the Red Data Book of Nizhniy Novgorod region (UrBANAVICHUTE 2014)
has been found in the Kerzhenskiy State Nature Reserve. Its area is almost completely covered
by forest communities, and thus characterised by a low diversity of plant communities.

The presence of the most protected plant species in the Mordovia State Nature Reserve has been
confirmed by a small number of records. A large number of them was not rediscovered later. Thus,
we can see an example of ‘find and forget’ in study of plant diversity of the Mordovia State Nature
Reserve, when a population is being visited once during the whole study period. Similar examples
are known from studies of animals (PEARsON et al. 2007) as well as plants (CHMARA et al. 2013).
At the same time, we demonstrated the large number of locations and relatively low values of
Representativeness Index (20.4%, 35.9%, 55.4% respectively) for Pulsatilla patens, Juniperus
communis and Linnaea borealis. This clearly indicates that these species are not threatened with
extinction in this region. This could be a presupposition for recommending the further exclusion
of these plant species from the Red Data Book of the Republic of Mordovia (SiLaeva 2017).

The biodiversity hotspot model has been originally used in the tropics rich in endemic species
(MyeRs et al. 2000). In global coldspots, however, other factors determine the degree of species
richness. Different regional studies aimed at determination of regional hotspots of biodiversity
in these regions (e.g. REID 1998; BALTENSPERGER & HUETTMANN 2015; CoOPER-BOHANNON
etal. 20106). In the present study, we demonstrate hotspots of Red Data Book plant species in
the Mordovia State Nature Reserve. Their locations largely coincide with the position of some
research stations of the Mordovia State Nature Reserve (see Fig. 1 and Fig. 4) as well as the
site ‘Igishev Bugor’ in the center of the protected area. This emphasises the important role of
research stations in investigating biodiversity of certain areas. Efficiency of biodiversity studies
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can also be increased by a higher density of research stations (e.g. MisHra 2013). At the same
time, our data are a presupposition for additional botanical research at a greater distance from
the research stations. A low diversity of Red Data Book plant species (biodiversity coldspots) is
in the northwestern and eastern parts of the Mordovia State Nature Reserve. Previously, these
areas had been covered by impassable forests, but they were burnt completely during a wildfire
in 2010. Since then, only few data on the presence of Red Data Book plants in these areas have
been evaluated. So we can only suppose that populations of some of protected plant species
could be damaged, while populations of some fire-tolerant plants could have survived to date.
In addition, the curve of long-term dynamics of protected species number show that the growth
of species number in the Mordovia Reserve could be observed exactly in periods of preparation
of floristic lists for these protected areas, e.g. Kuznersov (1960), Boropina et al. (1987) and
VARGOT et al. (2016a). At the same time, most of the first records of protected plant species have
not been rediscovered. The reasons for these phenomena concern the social component of the
botanical research in the Mordovia Reserve. And they cannot be explained using data obtained
in present study. However, this underlines the urgent need for special studies to rediscover these
records of Red Data Book species in the nearest future.

Coniferous forests were typical habitats for most of the Red Data Book plants known in the
Mordovia State Nature Reserve. On the one hand, predominance of pine forests (47.7% of
total forest area) can explain the revealed results. On the other hand, the Mordovia State Nature
Reserve is situated near the southern boundary of the continuous distribution of coniferous
forests. Therefore, populations of many boreal plant species are at the limit of their natural ranges
and threat with extinction in the region (KHaruGIN et al. 2017b, 2017d). Obtained results on
Red Data Book plants are in accordance with data showing that forest ecosystems are refugia of
threatened plants and animals in the temperate zone (BocH et al. 2013; Kuapucin & CHUGUNOV
2015; RucHIN & Ecorov 2018a, 2018b; Tomaszewska et al. 2018; RucHIN et al. 2019a). In
particular, it concerns special studies in pine (e.g. ECRoYD & BrOCKERHOFF 2005) and spruce
(e.g. NaSCIMBENE et al. 2009) forests.

Despite the small area in the Mordovia State Nature Reserve, Sphagnum mires contain 1.5 times
more records of protected plant species than deciduous forests (Fig. 5). These patches could be
considered ‘islands’ of boreal biodiversity in temperate Eurasia (CALME et al. 2002). In addition,
mires are plant communities that are fairly stable and only change little in time. This is evidenced
by palacoecological studies of several mires of the Mordovia State Nature Reserve (NoveNko et al.
2017), which are about 7000 years old. These Sphagnum mires are habitats of many boreal and
arctic-boreal plant species (e.g. Oxycoccus palustris Pers. (= Vaccinium oxycoccos L.), Andromeda
polifolia L., Scheuchzeria palustris 1..). We suppose a further increase in number of locations
of these species, because Sphagnum mires are still insufficiently investigated. Moreover, some
Red Data Book plants of oligotrophic mires (e.g. Drosera rotundifolia L., Hammarbya paludosa
(L.) Kuntze, Scheuchzeria palustris) are not visible every year. Other habitat types are represented
by a less number of records of protected plant species in the Mordovia State Nature Reserve. This
especially concerns man-made habitats and a greater sensitivity of threatened plant populations
to habitat disturbances. This is especially noticeable in comparison to invertebrates, some of
which inhabit roadsides and other man-made habitats (LARSEN et al. 2003; RucHIN et al. 2019).

High values of Representativeness Index obtained for more threatened taxa (Critically Endangered,
Endangered) indicate high conservation significance. For instance, five Mordovian Critically
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Endangered taxa (Alnus incana, Holcus mollis, Lerchenfeldia flexuosa, Listera cordata, Pedicularis
dasystachys) only grow in the Mordovia State Nature Reserve (i.e. RI=100%). It is noteworthy
that besides of Alnus incana also other mentioned plant species were rediscovered there: 59 years
(Lerchenfeldia flexuosa in 1960) and respectively 34 years (Pedicularis dasystachys in 1985) ago. The
same situation occurs with two Data Deficient species known from the protected area: Diplazium
sibiricum was discovered 82 years ago (in 1937) and Hieracium arcuatidens was found 36 years
ago (in 1983). Therefore, there is a clear and urgent need to intensify research on rediscovery and
the search for new locations of these species in the Mordovia State Nature Reserve.

At the same time, Representativeness Index values are lower for most of the protected plants with
low threat status (i.e. Vulnerable and Near Threatened). This suggests that these species (e.g.
Trapa natans L., Pulsatilla patens, Juniperus communis) occur relatively frequently in the Republic
of Mordovia. Moreover, some plant species are able to survive after a fire impact (Pulsatilla
patens, see KHAPUGIN et al. 2016b). In general, fire factor can sometimes positively influence the
growth and development of some aquatic Red Data Book plant species (i.e. Trapa natans, see
HumMEeL & Kiviar 2004).

In general, the ratio of the Red Data Book species classified by [UCN categories in the Mordovia
State Nature Reserve is similar to that in the whole region of the Republic of Mordovia (Fig. 7).
The considerable contribution of Critically Endangered and Endangered species in the ratio
indicates the significance of the Mordovia State Nature Reserve in the conservation of protected
plant populations. Undoubtedly, a considerable proportion of Near Threatened species is
noteworthy. This distinguishes the ratio of the species of Red Data Book of the Republic of
Mordovia by IUCN categories from those in the Red Data Books of Bulgaria and Poland.
However, Red Lists of the floras of Bulgaria, Slovakia and Hungary include 9.4%, 36.0% and
22.8% Near Threatened species. In our opinion, this can be explained by the differences in the
compilation of the species list of the Red Data Book and the assessment of these taxa according
to the IUCN guidelines and criteria. A good example is the Bulgarian flora. In this country, all
plant species have been assessed originally according to [UCN guidelines and criteria (PETROVA &
Viapimirov 2009). After that, only the most threatened taxa (Critically Endangered, Endangered
and Vulnerable) have been included in the Red Data Book of Bulgaria (PEEV et al. 2015).
This algorithm allows to take under protection (i.e. include in the Red Data Book) the most
threatened species of a certain territory. Contrary, the assessment of plant species of the Republic
of Mordovia according to IUCN guidelines and criteria (KHAPUGIN et al. 2017¢, 2017d) was
conducted for species, which have already been approved for inclusion in the Red Data Book of
the Republic of Mordovia (SiLaeva 2017). That's why the Red List of the Republic of Mordovia
includes 17.5% Near Threatened and 5.1% Data Deficient plant species. Based on this, we
strongly recommend that the next edition of the Red Data Book of the Republic of Mordovia
should include only the most threatened plant species.

Conclusions

Although protected areas have in general higher values of biodiversity indicators than adjacent
areas (Gray et al. 2016; AraUjo et al. 2007), Red Data Book species can be concentrated only
in their restricted patches (Paciorex et al. 2016; WATHEN et al. 2014). Data on biodiversity
hotspots and coldspots in the Mordovia State Nature Reserve contribute to the development of
protected area management strategies and the identification of zones of special protection regime.
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Our results indicate the key role of research stations in the study of protected species diversity
of a certain area. Of 47 Red Data Book plant species of the Mordovia Reserve, the presence
of 42.6% and 21.3% species are confirmed in 1-2 and 3—4 locations. This shows the urgent
need to confirm the presence of many protected species by finding new locations as a result
of additional botanical studies. We could expectedly demonstrate that most of the protected
plant species are confined to coniferous forests and Sphagnum mires in the Mordovia State
Nature Reserve. Especial conservation significance of the studied protected area is caused by high
values of Representativeness Index of Critically Endangered plant species. Moreover, we noted
a tendency to an increase in the proportion of Critically Endangered and Endangered species
with an increase in the Representativeness Index values of species. Red Data Book plant species
known in the Republic of Mordovia only from the Mordovia State Nature Reserve (i.e. RI=100%)
have the highest conservation significance. This group includes two Data Deficient (Diplazium
sibiricum, Hieracium arcuatidens) and five Critically Endangered species (Alnus incana, Holcus
mollis, Lerchenfeldia flexuosa, Listera cordata, Pedicularis dasystachys).
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