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Abstract

The spontaneous species Syringa josikaea Jacq. (Transylvanian lilac, wind wood) is a very important species in Romanian

flora (rare, endemic, tertiary relict, and vulnerable), being under Romanian and European special protection. Small
populations with a low number of individuals are distributed only in western Romanian Carpathians (Apuseni Mountains)
and Ukrainian Carpathians (Latorica River watershed). We developed, in Maxent, a distribution model based on the
Jfollowing parameters: ecological (climatic, geomorphologic, soil distribution), biological (interactions among species,
characteristic plant species communities), anthropic (land use, biodiversity conservation), and cultural (local and
traditional practices). The development of such a model leads to: the assessment of the impact of climate, and to analyze
projections that may affect the distribution of the species in the future, the conservation of the characteristic habitats by
developing management strategies thus ensuring the sustainability of the species. This model is also a direct support for
the EU-specific reporting of Romania in the context of Article 17 of the Habitats Directive. Due to its beauty, the
Transylvanian lilac is cultivated in the gardens and urban parks of the world.
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INTRODUCTION hugely for usage in: forecasting anthropogenic

effects on patterns of biodiversity at different
When scientists recorded the influence of the spatial scales (Guisan & Thuiller, 2005; Reese
environmental variables on the development and et al., 2005), providing estimates of the spatial
distribution of plant species (Crawley, 1997, distributions of rare species with limited
Hageer et al., 2017), they used qualitative occurrence for their conservation management
estimations but also accurate numerical (Hernandez et al., 2006; Sharma et al., 2018) or
techniques (Rosenzweig, 1995; Rockwood, with very small populations (Liu et al., 2024)
2006) and developed models that have strong estimating species responses to climate change
predictive capabilities for describing species (Austin, 2007; Hosseini et al., 2024), estimating
distribution in their natural range (Guisan &  the potential for species populations to occur in
Thuiller, 2005; Reese et al.,, 2005; Elith & areas not previously surveyed (Hernandez et al.,
Leathwick, 2009). 2008; Rhoden et al., 2017; Ma & Sun, 2018; Bao
Following species inventory from an area and et al., 2022). In the recent years many methods
recording the spatial characteristics or/and are available in ecology, conservation biology,
environmental factors from that area, for  biogeography  (Franklin, 2013), being
estimating their complex relationship, it has distinctive throughout the data used (Elith et al.,
been developed species distribution models 2011). Some database might contain accurate
(SDMs) (Elith et al., 2011; Wisz et al., 2013). data but other data are limited in presence-
Species distribution models for plants and absent and occurrence of the species (Merow et
animals  (called also  bioclimatic  or al., 2013). But not all the time a good data set is
environmental niche modelling) progressed
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available for developing a good predictive
model for most of the taxa (Wisz et al., 2008).
Following recording environmental factors
together with the presence-only occurrence of a
species, many ecological applications use
Maxent (maximum entropy) model for
predicting: the potential suitable habitat of
species (historic, current and future distribution
trends) (Dai et al., 2022), the suitable habitat for
a species new populations (even those species
having specialized habitat requirements and
narrow geographical ranges) (Williams et al.,
2009), and also for transferring it in another
climatic conditions or geographic areas
(Hernandez et al., 2008), the influence of
climate change on the potential distribution of
medicinal plant (Yang et al., 2013; Khanum et
al, 2013; Yi et al., 2016; Tang et al., 2021), of
invasive plant species (Qin et al., 2014), relict
plants species (Rotllan-Puig & Traveset, 2016),
extremely endangered plant species (Qin et al.,
2017), colonisations and extinctions of plant
species (Venne & Currie, 2021), global potential
distribution of some plant species (Zhang et al.,
2021), suitable habitat for rehabilitation of
different type of forest at landscape-scale
(Tesfamariam et al., 2022).

Maxent model can use small datasets and run
complex models; for presence-only modelling
methods are necessary only data about species
distribution together with topographic, climatic,
edaphic, biogeographic data as predictor
variables (Phillips & Dudik, 2008). Maxent pro-
gram implement the maximum-entropy method
and is a machine-learning algorithm capable
both to model the spatial distribution of species
and predict their presence in a geographic area
relying on presence-only occurrence data of the
species in the locations without considering the
locations of documented absences (Lissovsky &
Dudov, 2021).

In the situation that scientists need more
ecological information about species habitats
(vegetation presence, net primary productivity,
and photosynthetic efficiency, anthropogenic
impact, etc.). The data can be excerpts from the
multispectral satellite images and aerial high-
resolution orthophotos, to provide Normalized
Difference Vegetation Index (NDVI) NDVI
(Dunea et al., 2014; Boc et al., 2020), Green
Normalized Difference Vegetation Index
(GNDVI) (Dunea et al., 2021), etc.
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Genus Syringa L. (lilac) together with Jasminum
and Forsythia are beautiful ornamental shrubs
belonging to Oleaceae Family (including also
Fraxinus, Ligustrum, Olea genera) (Ciocarlan,
2009). The Romanian Flora comprise two
Syringa species: vulgaris L. and josikaea Jacq.
f. ex. Rchb., both shrubs and very ornamental
but only S. josikaea is rare, Carpathians
endemic, tertiary relict in Romanian Flora
(Boscaiu & Onete, 2009; Sarbu et al., 2013).
As ornamental plant, some comparative studies
have been developed on S. josikaea about
quantitative anatomy of epidermal cells in
smaller leaf side considered adaptive
mechanism for reducing its asymmetry
(Polonskiy & Polyakova, 2015). Individual of S.
josikaea introduced in urban arctic climate
develop  polyvariance  of  the  floral
organogenesis (based on morpho-physiological
analysis of the reproductive buds) (Vasilevskaya
& Morozova, 2020) and high morphological
variability and large proportion of sterile pollen
due to pollution (Vasilevskaya & Morozova,
2024). S. josikaea is used as an ornamental shrub
in different cities (Gizhitskaya & Lyakh, 2020).
For expanding the genetic diversity of the
species, have been developed studies on the
hybridization of lilac genotypes with different
origins (taxonomic and genetic); the crosses
combinations ended up by good fruits sets in the
presence of pollinators (Pavlenkova, 2024).
Based on chemical substances (iridoids) content
mainly in S. josikaea but also Fraxinus excelsior
and S. vulgaris, Damtoft et al. (1995) suggest
that the taxonomy of the Oleaceae Family
should be discussed, the Family should be
considered member of Gentianales Order rather
than Lamiales Order.

Apart of being very important for horticulture
(USDA, 2025), Lendvay et al. (2013) developed
genetic studies, mainly characterizing and
optimizing microsatellite markers for using
them on §. josikaea. The authors studied later
(2015) the historical biogeography and
intraspecific variation of the species using
nuclear ribosomal DNA sequences, multiple
DNA sequences and microsatellites. The
scientists learned that during Early Pleistocene,
S. josikaea disrupted from its Asian relatives or
colonized from one glacial refugia, and have a
very low sequence variation and complete
identity of cpDNA among all samples (implying



a bottleneck), Also, in S. josikaea populations
from Ukrainian and Romanian Carpathians
indicate no geographic differentiation based on
the presence on four different ribotypes and
weak differentiation based on microsatellite
variation.

MATERIALS AND METHODS

Syringa josikaea Jacq. f. ex Rchb. is an extant
(resident) species in Romania and Ukraine, an
endemic Carpathian (Witkowski et al., 2003;
Ciocarlan, 2009; Sarbu et al., 2013; Macalik et
al., 2013) (Figure 1), subendemic Romanian
(Oltean et al., 1994) and relict (Boscaiu &
Onete, 2009; Dihoru & Negrean, 2009) species
from Oleaceae Family, vulnerable (Witkowski
et al., 2003) and rare (Ciocarlan, 2009; Sarbu et
al., 2013). Boscaiu et al. (1994) consider this
species as critically endangered and in risk of
extinction, Dihoru & Negrean (2009) consider it
as low risk of danger (Least Concern - LC
according to IUCN) and is listed as Endangered
under [UCN criteria (IUCN, 2018) (Figure 1).

Figure 1. Distribution of S. josikaea in Europe (After
IUCN, 2018) (left) and Romanian alpine bioregion Art17
(2012 report — right up and 2018 report — right down)

S. josikaea has 2186 as Natura 2000 code, is
distributed in alpine biogeographic region
(ALP) from Romania and is present in Annex II
(Animal and plant species of community interest
whose conservation requires the designation of
special areas of conservation) of Habitat
Directive (H.D., 1992).

Data collection started with desk investigation
of reports, scientific articles and management
plans, followed by field trips.

Romania must report the conservation status of
the plants and habitats of European interest,
thus, during two monitoring periods: 2011-2015
in the framework of P.O.S. project (2011) and
2019-2023 in the farmwork of P.O.L.M. (2023)

project (Mihailescu et al., 2024). The field
assessment and monitoring of the conservation
status of Romanian species of community
interest started in 2011 and continued in 2019,
during two reporting periods (six years each)
toward the European Commission. Based on our
data and knowledge, the Annex 1 from M.O.
3351 (2023) was developed and published.

For generating the distribution maps, we used
the standard methods: grid ETRS89 of 10 x 10
Km plot and 1 x 1 km grid, projective ETRS
LAEA 5210. The necessary data used for
generating the maps have been collected during
one year or one period for monitoring the
species because ethe mapping the distribution of
a species might necessitate a few years of field
identification and assessment. (Figurel- right up
and down).

The location of the individuals has been marked
with GPS Garmin eTrex Summit. The data
regarding biotic and abiotic factors influencing
the distribution of the species have been
collected from the field in filed data sheets and
used for modelling with Maxent version 3.4.4
software.

The method relied on complete study or a solid
statistical estimation, using good data regarding
environmental variables like geomorphological
(elevation, exposition, slope, plan and profile
curvature),  climatic  (temperature  and
precipitation), biological (interactions among
species, characteristic plant species
communities), anthropic (land use, biodiversity
conservation), and cultural (local and traditional
practices) from the entire distribution range of
the species for calibrating and evaluating the
predictive performances.

We assessed the conservation status of S.
josikaea in its distribution area according with
the methods established in the methodological
guides (Mihailescu et al., 2015a; 2015b; M.O.
3351, 2023). From the field, data have been
collected on field data forms comprising:
location, population parameters, habitats
characteristics, pressures and threats. Romanian
reporting format toward European Commission
has individuals/population density as reporting
unit for the species belonging of the group
“Vascular plant species from the water's edge or
wet areas, places periodically flooded, water
banks (more or less steep)” (M.O. 3351, 2023)
in which S. josikaea belongs to.
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The direct (presence/absence, population size,
age/size classes) and indirect (niche availability,
hydrology, water quality, vegetation structure,
impact factors, negative indicators such as:
shadow, competition, fragmentation, extreme
drought, alien species) attributes are mandatory
to be evaluated during the optimal flowering
season (May-June). The monitoring plots have
been set on transect along river banks where S.
josikaea was recorded, according with the
management needs, length and width of the
vegetation distribution and habitat
discontinuities. The frequency of the monitoring
activities depends both on the distribution
impact or reporting cycles for European
Commission (6 years). If the direct and indirect
attributes are not met in the field, it means that
there are unfavourable conditions for existence.
The population size was reported as an interval
(minim and maxim) or a single value (measured
or estimated) when it is known only one single
value obtained throughout expert opinion.

The monitoring method used in the filed
investigations for detecting the population size
and the range of the species habitat (two very
important populational parameters) have been
realized accordingly with the growth strategies
of the species. In areas where the individuals’
growth was lax, counting the individual stems
have been possible. Where the stems of the
individuals® growth were dens (due to vigorous
clonal reproduction), we measured the
projection area of their crowns on the soil.
Monitoring protocols may differ in relation to
the size of the population of each species, the
integrating habitat and their biological and
ecological characteristics. Direct and indirect
attributes are mandatory. If these attributes do
not meet, it means that there are unfavourable
conditions of existence.

Field trips realized in 2011 (POS, 2011) on
Valea ladului (Stana de Vale Locality, Bihor
County) have been made for 5 x 5 m plots
installation for monitoring S. josikaea. We
installed 3 permanent monitoring plots on Valea
Iadului.

Our paper focused on using the Maxent model
to estimate the distribution areal for S. josikaea
and taking into account the high confidence of
estimates for respectively value equal with 1.
For estimating the population size, we used the
medium value of density for 0.1 ha 5 individuals

multiplied with normalized of hotspot analysis
index.

RESULTS AND DISCUSSIONS

The rare, endemic, tertiary relict and vulnerable
species S. josikaea is distributed in eastern
Carpathian Mountains, in 17 known localities (2
uncertain) from Latorica, Rika, Uzh and Stryi
Rivers in the Ukrainian Carpathians and 7
known localities (6 uncertain) from Crisul
Negru, Valea ladului (Bihor County), Valea
Sebesului, Somesul Cald (Cluj County), Aries
(Alba County) Rivers in Romanian Carpathians
(Apuseni Mountains) (Lendvay et al., 2013;
2015; Macaliket al.,2013). A  proper
conservation strategy might consist in
maintaining connectivity among sites and
understanding the species’ reproductive strategy
(clonal propagation in detriment of sexual
reproduction). The population might consist in a
few clones only thus might enhance the
resilience of the population (Lendvay et al.,
2015) or determine the rapid deterioration of the
individuals due to low genetic variability
(Crawley, 1997; Rockwood, 2006).

The distribution of the studied species on small
areas is strongly related with river valleys:
alongside river margins (on the shore) (Figure
2), adjacent areas (rocky shores, cliffs) (Figure
3) and in hilly areas in rivers floodplains.

Figure 2: S. josikaea individuals distributed on Valea
Iadului river shore

The species is integrated in Alno incanae-
Syringetum josikaeae (Borza 1965) Ratiu et al.
1984 Association (Romanian habitat R4413
South-East Carpathian thickets with Syringa

Jjosikaea) (Donita et al., 2005).
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Figure 3: S. josikaea individuals distributed on adjacent
Valea ladului river margins (cliffs)

This plant association and Romanian habitat are
integrated in Natura 2000 habitat 40A0*
Subcontinental peri-Pannonic scrub (Gafta &
Mountford, 2008; Goriup, 2008). The habitat is
distributed on narrow mountainous valleys, on
humid districtsambosols with 5.8-7.5 soil
reaction (pH), temperature 7.0-5.5°C and 800-
900 mm rainfall (Donita et al., 2005). In
Apuseni Mountains, the distribution localities
are situated at 500-1100 m attitude, on different
expositions according with the river direction.
In Bihor County, Stana de Vale Locality, we
installed in 2011, monitoring plots in habitats
with 100 ha surface area in which the distri-
bution of S. josikaea is on about 50 m? The
locations of the plots are different, according to
the distribution of S. josikaea in the region
(Table 1).

The surrounding vegetation structure consists in
trees layer in one plot (Valea ladului 3 and 4,
alongside river shore close to the forest), highest
shrubs layer in two plots (Valea Iadului 1 and 2,
vegetating on rocky shores, cliffs, at 3-4 m
above the 108J road) and one richest species site
(Lesu touristic locality, hilly areas in rivers
floodplains).

The Natura 2000 protected areas in which the
species might be distributed are: ROSCI0002
Apuseni, ROSCI0062 Defileul Crisului Repede
Padurea Craiului, ROSCIO121 Muntele
Vulcan, ROSCI0262 Valea ladei (S.F., 2011).
Following the field trips in these protected areas,
the presence of S. josikaea was not confirmed in
ROSCI0062 and ROSCIO121.

The Maxent model reveal the total potential
distribution area of S. josikaea is about 177.31
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ha with estimated population size of circa
90,464 individuals (Table 2).

Table 1. Surrounding vegetation structure and species
richness in plots comprising S. josikaea

Valea | Valea | Valea | Valea
Sit’s name Tadului | Iadului | Tadului | Tadului | Lesu
1 2 3 4
Total vegetation coverage (%)| 100 100 100 100 100
Vegetation layers
- max. height of the trees B 7 B B
layer (m)
- max. coverage of the trees B 30 R B
layer (%)
- max. height of the shrubs 3 4 27 3 3
layer (m)
- max. coverage of the shrubs 50 70 50 50 50
layer (%)
- max. height of the 100 (30 |100 [100 |100
herbaceous layer (cm)
- max. coverage of the
herbaceous layer (%) 100 30 100 100 100
Species richness (number) 7 3 10 6 16
Alno incanae-Syringetum josikaeae Association
Characteristic species
Alnus incana ‘ | |+ | |
Syringa josikaea [+ [+ [+ [+ [+
Other species
Anemone ranunculoides +
Campanula serrata +
Clematis alpina + +
Fagus sylvatica + +
Geum rivale +
Luzula sp. + +
Melica uniflora + +
Myosotis sylvatica + + +
Petasites albus + +
Polygonum bistorta +
Polygonatum verticillatum + +
Rosa pendulina +
Rubus idaeus +
Salix capraea +
Salix sp. + + + +
Sambucus nigra +
Sorbus aucuparia + +
Spiraea sp. +
Trolius europaea +
Urtica dioica +
Valeriana montana + + +
Veratrum album +

Table 2. Estimates surfaces for areal distribution for S.
Jjosikaea in alpine bioregion Romania

Minimum | Maximum Surface Estimated
Category | Number size size (ha) number of
(ha) (ha) individuals
Cold spot
99% 3,159 | 0.00633 03022 | 30.136 21,698
confidence
Cold spot
95% 2,141 | 0.00635 0.1398 | 21.243 14,020
confidence
Cold spot
90% 1,014 | 0.00635 0.4341 10.283 6,170
confidence
Nm‘ - 3,197 | 0.00634 02569 | 36.338 19,623
significant
Hot spot
90% 75 0.00681 0.1087 1.1374 546
confidence




Hot spot

95% 234 0.00681 03228 | 4.3586 1,831
confidence

Hot spot

99% 3,788 | 0.00637 1.4581 73.821 26,576
confidence

Total 13,608 | 0.00633 1.4581 177.31 90,464

The development of such a model leads to: the
assessment of the impact of climate, and to
analyse projections that may affect the
distribution of the species in the future, the
conservation of the characteristic habitats by
developing management strategies thus
ensuring the sustainability of the species. This
model is also a direct support for the EU-specific
reporting of Romania in the context of Article
17 of the Habitats Directive (Figure 4).

Figure 4. The Maxent model estimates
for S. josikaea distribution

Conservation measure for central (Hotspot - red)
and marginal (Coldspot - blue) spots relay on
maintain the current range of the populations
and/or the current areal of habitats for the
species. On the interval confidence of both cold
spot >90% (confidence blue spots) and Hot spot
>90% (confidence red spots) (Figure 5), the
dominant pressure and threats are clear-cutting
(removal of all trees), the destruction of the
species habitats (i.e. hydrotechnical engineering
of mountainous water courses) and the
collecting of the species from the wild and move
it in the peoples’ gardens.

S. josikaea is a threatened species of the
Carpathians mostly growing as extremely small
populations at distant sites, our analysis reveals
the estimated areal distribution is in small
surfaces (max. 1.4 ha) cover total 177 ha in
5,856 km?.

Figure 5. Hot spot analysis
for S. josikaea distribution areal

In this respect we observe that the reported
surface on 2,400 km? is overestimated base on
chorological methods of reporting tool. The
estimated population size near to 90,000
individuals need to be validated before next
report to European Commission. The hot spot
analysis of S. josikaea areal estimates shows the
clustering of metapopulation for S. josikaea
distribution plots, central areas (hot spot >90%
confidence) and marginal areas (cold spot >90%
confidence), to validate the specific appropriate
conservation measures to achieve the
conservation objectives especially for Natura
2000 sites.

In June, the monitoring of the population of S.
Jjosikaea from downstream the dam Belis toward
Valea Neagra confluence reported 300
individuals in 2020 and 2021-2022 distributed
on about 16 ha, indicating that this population is
relatively stable, with a favourable conservation
status. It was identified a new location on
Somesul Cald valley with 6 individuals. The
main threats affecting the species distribution
and populations density are: collecting
individuals from the wild and the proliferation
of exotic/invasive species. In ROSCI0002
Apuseni, S. josikaea has a favourable
conservation status and due to low impact of the
threats, the perspectives are good, determining
the conservation of this species in the wild
(APNA, 2022).

Our field trips in 2022 (P.O.I.LM., 2023) at the
beginning of June on Valea ladului, upstream of
Lesu lake (Lesu touristic locality), showed
difficulties to find the species individuals in the
wild but we found about 500 individuals
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forming a green fence of a private property that
developed till the edge of the river water course
(Figure 6).

v

Figure 6. Private fence formed by S. josikaea individuals

In the Habitats Directive (92/43/EEC), species
monitoring belonging to Annex IT and Annex IV
is required in both Article 11 and Article 17
preceding the reporting of the species conser-
vation status at every six years toward the Euro-
pean Commission. Measures taken pursuant to
the Habitats Directive shall be designed to
maintain or restore, at favourable conservation
status for species of wild flora of Community
interest.

In the last 12 years, all Member States, including
Romania, has reported two times to the
Commission: in 2013 (for the evaluation period
2007-2012) and 2019 (for the evaluation period
2013-2018), based on every 6 years of the
assessed conservation status for habitats of
community interest. For the next report
(deadline 31 July 2025), was approved in 2023
the reporting format on species types (DG
Environment, 2023).

For the period 2013-2018 the population size
measured in number of individuals was
estimated between 10 and 240.

Under the Habitats Directive - Article 17 repor-
ting process these assessments have been carried
out in EU25 for the period 2001-2006, in EU 27
for the period 2007-2012 and in EU28 for the
period 2013-2018 (EIONET, 2019).

During 2007-2019, the conservation status was
“unfavourable - inadequate” (U1), due to increa-
sing trends in the intensity of different impacts
upon the species habitat. In the period 2020-
2024, after implemented the conservation mea-
sures included in the Management Plan of the
Apuseni Natural Park (O.M., 2024), this overall
assessment was changed as “favourable” (FV)
(Table 3).

Table 3. Overall assessment of the conservation status on
each reporting period

Species 2013 2019 2025
ALP ALP ALP
2186 Syringa josikaea Jacq. Ul Ul -

List of pressures and threats and conservation
measures was updated in 2024 for the period
2019-2024 (EIONET, 2025). During 2007-2019,
main conservation measures according with EU
code: CBO1 - Prevent conversion of (semi-)
natural habitats into forests and of (semi-)
natural forests into intensive forest plantation.

CONCLUSIONS

The spontaneous species Syringa josikaea Jacq.
(Transylvanian lilac, Hungarian lilac, wind
wood) is a very important species in Romanian
flora (rare, endemic, tertiary relict and vulnera-
ble), being under Romanian and European
special protection. The species populations
distributed in western Romanian Carpathians
(Apuseni Mountains) are basically small (low
number of the individuals), genetically homo-
genous, distributed at distant sites. The distri-
bution model developed using Maxent
highlighted the anthropogenic and climate
impacts that can affect the population density
and distribution. The analysis of the projection
of the main threats and pressures that may affect
the distribution of the species in the future, lead
the actions regarding the conservation of the
characteristic habitats by developing manage-
ment strategies thus ensuring the sustainability
of the species. The hot spot analysis of S.
josikaea areal estimates help to validate the
specific appropriate conservation measure to
achieve the conservation objectives especially
for Natura 2000 sites.

The populations are relatively stable, with a
favourable conservation status and protected in
areas under conservation regulation. Main-
taining the favourable conservation status still
depends on the continued application of conser-
vation measures, both for the species and its
habitat.

Due to its beauty, the Transylvanian lilac is
cultivated in the gardens and urban parks of the
world.
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