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Abstract

Patrinia sibirica is a mountain forest-steppe species. It is also a relic of the Pleistocene complex in the Southern
Urals and included into the Red Data Books of the Republic of Bashkortostan and the Chelyabinsk Oblast. The
potential range of Patrinia sibirica of the Southern Urals was analyzed using the maximum entropy method. Data on
32 georeferenced localities of this species in the Southern Urals and 30 localities in Western and Eastern Siberia were
used as source material. Modeling of the potential distribution of the species was carried out using the program
MaxEnt. The CHELSA database BIOCLIM set of climate variables and GMTED2010 global digital elevation model
data were used as environment predictors. Habitat suitability was most influenced by 4 variables: seasonality of
temperature, isothermality, maximum altitude, and precipitation in the warmest quarter. According to the model, the
largest areas of suitable habitat for this species are concentrated along the peaks and upper slopes of the largest ridges
of the South Ural Mountains and reach the northern boundary of Taganay National Park. The modeling has revealed
suitable habitats in a wood-steppe zone of the Trans-Ural which are confined to the outcrops of granite and quartzite
rocks among petrophytic and shrub steppes. The unavailability of the species in some places with suitable conditions
for its growth may be due to its overgrowth by forest vegetation during the expansion of forests in the middle of the
Holocene and, in some cases, high anthropogenic impact.
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Introduction

Patrinia sibirica (L.) Juss. is a north and central Asian mountain forest-steppe
grassy species distributed in the Western and Eastern Siberia, the Russian Far East,
Central Asia, Jungaria, Mongolia. In the Southern and Central Urals it is a relic of the
Pleistocene complex (Gorchakovsky and Shurova 1982) and is included in the Red Data
Books of the Chelyabinsk Oblast (Lagunov 2017) and the Republic of Bashkortostan
(Mirkin 2011). This species has conservation status “a rare species with a naturally low
population, found in a limited area” in the Red Data Book of the Republic of
Bashkortostan. P, sibirica grows on stony, well-insulated mountain slopes, upland habitats
on tops of the ridges and also in the rocky steppe communities (Gorchakovsky 1975).
Purpose of research is analysis of potential distribution of P. sibirica species in the
Southern Urals.

To our knowledge, no previous studies have been done to address the ecological
niche of Patrinia sibirica in the Southern Urals. Accordingly, predicting its habitat
suitability, in order to estimate its spatial geographic distribution, and exploring suitable
persistence conditions are critical to conserving this plant species. Among the
algorithms of SDM MaxEnt method was chosen because of its many advantages
including: the input data on species can be only points of presence; its prediction is
stable and reliable with great accuracy, even at small sample sizes, so that the
distribution of endangered species can be predicted (Phillips et al. 2006; Elith et al.
2010).

Methods

The coordinates of georeferenced P. sibirica localities, including 32 localities in
the Southern Urals and 30 localities in Western and Eastern Siberia, were used as the
source material for modeling. The current distribution data of P. sibirica was collected
from GBIF (GBIF 2019) and literature data (Telyatnikov 2014; Zibzeev and Nedovesova
2014; Karimova et al. 2016).

Twenty-two variables were retrieved as predictors for modelingthe potential
environmental niche of P. sibirica based on its current presence dataset. In particular,
19 bioclimatic layers were obtained from CHELSA BIOCLIM (CHELSA 2019; Karger
et al. 2017) and three variables of elevation (maximum, minimum and mean elevation)
(Digital 2019). In order to avoid the high similarity among these environmental
variables, we removed the factors that the Pearson's correlation coefficient is greater
than or equal to 0.8.

We used MaxEnt v3.4.1k for distribution modeling of the species (Phillips et al.
2006, 2018). The MaxEnt method is based on the principle of niche modeling, which
assumes that under certain known conditions the system with the highest entropy is
closest to its true state (Elith et al. 2010). The AUC indicator was used for statistical
evaluation of the model. The reliability of predictors' contribution to the model was
assessed using the permutation importance (Mean Decrease Accuracy) and «jackknifey
tests (Phillips 2017). The values of habitat suitability on the MaxEnt map model from
0.90 to 1.00 were considered very high, 0.75 to 0.89 as relatively high, 0.50 to 0.74 as
moderate, and lower than 0.50 as low.

Results

The model showed high levels of predictive performances (AUC-training sample
are 0.995 and for the AUC-test sample are 0.973) (Swets 1988). After the removal of
highly correlated variables, 5 climate variables (bio4 is temperature seasonality
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(the standard deviation of the average monthly temperature), bio3 is isothermality,
bio7 is temperature annual range, biol7 is precipitation of driest quarter, biol8 is
precipitation of warmest quarter) and the maximum altitude remained. Four of the six
variables had high contribution values: temperature seasonality, isothermality,
maximum altitude and precipitation of warmest quarter, which together in the model
determine 71.4% influence on the P. sibirica distribution.

Localities from different parts of the species range, including those outside the
Southern Urals, were added to the model. In this regard, the characterization of highly
suitable habitats represents the ecological and cenothic optimum of the species, which
may be located outside the immediately considered species' range. The analysis of the
distribution of habitat suitability along the gradients of 4 major environmental factors
used as model predictors has shown that all distributions are described by single-
humped response curves. Temperature seasonality (bio4) of high-suitable habitat
conditions is in the range of 11.4-11.6°C. These values of this predictor are typical for
the northern part of the Pre-Urals and the South Urals Mountains. Optimum conditions
of the species growth are in the interval of 1 800—2 800 m of the maximum height above
sea level, which means it is in the altitude range higher than the highest mountain peaks
of the South Ural Mountains. At these altitudes the species can be found in Siberia,
where P sibirica is not a rare species. Isothermality (bio3) quantifies how large the
daily temperatures oscillate relative to the annual oscillations. The most optimal habitat
suitability for the species is in a narrow range of strong fluctuations from 2.00 to
2.03 times. These oscillations are typical for mountain and tundra habitats. The
precipitation of warmest quarter (bio18) of high-suitable habitats varies in the range of
305.50-361.10 mm. The lower limit of variation corresponds to the level of
precipitation in localities where the species grows in the mountains of the Southern
Urals. Precipitation is much lower in the Trans-Urals, but moderate suitable habitats
prevail there. This is probably also due to the fact that rocky habitats often demonstrate
great edaphic heterogeneity, providing a mosaic of small-scale variations of ecologically
significant variables, including soil moisture (Rossington et al. 2018; Byrne et al. 2019;
Corlett and Tomlinson 2020) and small-scale temperature variability (Corlett and
Tomlinson 2020).

Thus, the ecological and cenothic optimum of the species is not in the field of
distribution of mountain forest-steppe localities, as it is noted in publications devoted to
the growth of this species in the Southern Urals, but in mountain and tundra habitats.
This is confirmed by its fairly wide distribution in the mountains of Western and Eastern
Siberia and by its isolated locations in the tundra of the Magadan Oblast.

To evaluate each variable’s contribution we performed a “jackknife” test. It is
based on sequentially disabling variables and creating models with the rest of the
predictors. “Jackknife” test showed that two variables have the highest value in the
model construction: temperature seasonality (bio4) and isothermality (bio3). The
maximum altitude in the jackknife test has a relatively small individual impact, despite
the significant contribution to the model construction using all predictors (Fig. 1).
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Figure 1. The “jackknife” test for evaluating the relative importance
of environmental variables for Patrinia sibirica (L.) Juss.
“bi103” is isothermality, “bio4” is temperature seasonality,
“bi07” 1s temperature annual range, “bio17” is precipitation of driest quarter,
“bi018” is precipitation of warmest quarter, “max elevation” is maximum altitude.
Discussion

According to the model, in the Republic of Bashkortostan the areas most suitable
for the growth of this species are concentrated on tops and the top parts of slopes of
large ridges of the South Ural Mountains (Iremel mountain massif, Mashaq ridge, etc.).
In the south of central part of the Southern Urals these habitats are restricted by the
Shatak Ridge, along the eastern macroslope of the South Urals. They are located in a
narrow strip 3540 km to the south and along the spur of the South Ural Mountains on
the Irendyk Ridge, and they enter the steppe zone in the Trans-Urals. Identified
localities of P. sibirica in the mountainous forest zone are confined to rocky screes at
the border or above the forest spread. The largest localities in terms of area of this
species are concentrated in the elevated part of the Southern Urals, as well as on the
lower Irendyk Range and its spurs (The Mount Shartymka) on the border of the
Republic of Bashkortostan and the Chelyabinsk Oblast. Despite the high habitat
suitability, P. sibirica was not found in the southern parts of the eastern macro-slope of
the Southern Urals and the Irendyk Range. Probably this is because at the time of the
warmest and mildest climate (in Holocene, about 5-6 thousand years ago) (Khotinsky
et al. 1982) most of these habitats may have been occupied by other (primarily woody)
vegetation with the high level of competition that caused the species to fall out. In the
north, mass distribution of areas with habitat suitability ends at the northern border of
Taganay National Park. There are no suitable habitats for this species in the Cis-Ural.
On the western macroslope of the South Ural Mountains there are some very narrow
areas with high suitability for this species to grow on the Alatau Range. In the Trans-
Urals P. sibirica occurs in the forest-steppe zone at the tops of small mountains on the
outcrops of granite and quartzite rocks among petrophyte and shrub steppes in the
eastern foothills of the Southern Urals. In these habitats the localities of the species
usually occupy a small area, and growth conditions are estimated by the model in the
range of 0.75-0.85. There are two exceptions to this. One of the habitats has low
suitability for growing conditions (0.49) because the habitat is much smaller than the
raster resolution. It is a narrow ten-meter strip of crushed stone soil, which is about
50 m long among the petrophyte steppe and is actually characterized by high habitat
suitability. The second locality is a ridge of a mountain on the right bank of the
Shartymka River, it is about 40 m wide and about 800 m long, it has a moderate habitat
suitability (0.61) (Fig. 2).
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Figure 2. Predicted potential distribution of Patrinia sibirica (L.) Juss.
The map source is Wikimedia Maps (2020).

The majority of localities have the area less than 1 hectare, and only eight of them
have the area of more than 4 hectares (all of them are located at heights above 1 250 m
above sea level). That is connected with features of ecology of the species and its grows
on open rocky habitats which stains meet on tops of South Ural Mountains and tops of
hills in mountain wood steppes of the Trans-Ural. Thus, these localities occupy
insignificant area within the potential range.

Conclusion

Thus, the constructed model characterizes quite clearly the habitat suitability and
potential range of P. sibirica. The potential range of the species is slightly wider than the
area of its known locations, which is related to its possible extinction in these localities
during the most suitable period for vegetation in the Holocene and in some cases with
high anthropogenic impact (grazing and quarrying). The analysis of potential
distribution has shown that the ecological and cenothic optimum of P. sibirica is not in
the area of distribution of mountain forest-steppe localities, but in mountain and tundra
habitats. The obtained results can be used to select priority localities for the
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development of conservation measures taking into account the habitat suitability of the
species.
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