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Predictive distribution for Salvia aethiopis
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Konstantin BaikoV!, Obidjon TurdiboeV, andElena Baikova"

ICentral Siberian Botanical Garden of the Siberian &rasf the Russian Academy of Sciences
(CSBG SB RAS), 630090 Novosibirsk, Russia

nstitute of Botany of the Academy of Sciences ef epublic of Uzbekistan, 100125 Uzbekistan,
Tashkent

Abstract. Geospatial investigation of distributioBalvia aethiopis L.
(Lamiaceae) on the eastern limits of the rangeerfopmed using climatic
modeling by MAXENT approach. Climatic conditions ftre 33 local
populations of the species as well as territorigghbouring to them were
examined in detail, using concepts of nestle-catid a small polygone.
According to obtained results, the most suitabimatic conditions are in
only two small polygons (SP) around local populasiavith coordinates
69.96E:42.48N and 70.03E:42.47N in central parthefarea. They have
7.7 average points per a cell of 9.0 maximum. Otbeven SP have
average points per a cell 7.1-7.3 (quite suitalieatic conditions), all in
the western part of the area, with coordinates f&69E to 67.69E and
from 38.21N to 39.26N. High values of raw predintiare in the locations
with coordinates 70.97E:42.48N (0.123; Zhualyn @istin Zhambyl
Region, Kazakhstan), 70.03E:42.47N (0.063; Keltem@ashrulkibas
District, Turkestan Region, Kazakhstan), 67.09E:838(8.063; Yugqori
Machay, Surkhandarya Region, Uzbekistan), and &942648N (0.054;
Antonovka, Tulkibas District, Turkestan Region, Kidzstan). These local
populations ofS. aethiopis should be assessed as the most likely secondary
centers for further expansion of the species irMlugle Asian Region.

1 Introduction

The detailed study of the geospatial structuréhefranges of biological species is of great
importance in the development of scientific measufer the protection of rare and
endangered species, assessment of the state ofethe pool of resource species,
determination of factors limiting the distributiasf endemic taxa, solving issues of the
genesis of genera and floristic complexes, invatitig of dynamics of distribution of alien
invasive species, and many other scientific probklgth

Salvia aethiopis L. (Lamiaceae family) iss European-West Asian mountain-steppe
species found in Central and Atlantic Europe, trexNgrranean, in the south of Ukraine, in
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the Republic of Moldova, Asia Minor, in the Caucgsin Iran, and Middle Asia [2]. We
have studied this species in the eastern limitstofdistribution. There are numerous
modern finds of this species in different partstioé region, confirmed by herbarium
specimens and observations in nature, presentsgeaial data base in internet, such as
GBIF and iNaturalist, and our own observations (ofihem is presented in Fig. 1).

The purposes of this research are the ecologicdli-parameter assessment of the
summar environmental situation in locations @f aethiopis and around them, with
determination the set of locations and neighbouplages where combinations of climatic
variables are the most suitable to existing anceldging local populations which can be
secondary centers for futher expansion of the sgenithe Middle Asian Region.

To achieve these purposes, the following tasks wete 1) to produce the series of
models for the species distribution in the Middlsisk Region, using different output
formats; 2) to create the protocol for assessimgldivels of suitability of environmental
conditions in lacations and around them; 3) to yampiginal concepts of a small polygone
and nestle cells to estimation of suitability oeanmental conditions; 4) range the most
suitable locations and nestle cells; 5) deterntigeniost likely secondary centers for futher
expansion the area of the species in Middle Asiegiéh.

2 Material and methods

The study was performed for 33 local populationsthe Middle Asian Region. Its
coordinates are presented in the Table 1.

Probablistic models for the distribution of the cps in Middle Asian Region are
constructed on climate layers imported from WorldClan international database of world
climate, available ahttp://www.worldclim.org[3]. In the study, climatic data for 1970-
2000 years were taken, including the periodSofaethiopis registration. According to
experimental data and their expert assessment,mist informative models can be
constructed with complete set of all available eliiw variables [4, 5].

Simulations were run in MAXENT computer program dxhson maximum entropy
method [6, 7], with different settings of optiora. Basic Settings of Maximum Entropy
Parameters: Random test percentage — 50, or 81); dRegularization multiplier — 1; Max
number of background points — 10000, 100000, 00Q00; Replicates — 1; Replicates run
type — Crossvalidate, Bootstrap, and SubsampleAdmanced Settings of Maximum
Entropy Parameters: Add samples to background + eslamping — Yes, Write output
grids — Yes, Write plots — Yes, Maximum iterations1500, Convergence thresholg —
0.00001; Adjust sample radius — minus 8 and minfs %.0 arcminutes models, minus 6
and minus 7 for 0.5 arcminute models; Default pievee — 0.5. Regularization values:
linear/quadratic/product: 0.720, categorical: 0,286eshold: 1.830, hinge: 0.500.

The study has significant methodical significandde procedure for multi-level
assessment of the statement of the environment feaist suitable to highly suitable is
proposed and implemented in detail. If we use #faudt setting for adjust sample radius
(zero value) in Advanced settings of Maximum Enyr&farameters, we will not be able to
see and analyze the ecological differentiationhii ¢ells around the locations. Reducing
size of dots using negative values allow to anaadogical situation inells which are in
contact with a location (so named the nestle cells)

In contrast to our previously proposed gradatiomlwhatic suitability, which includes
three levels [8], 9-level gradation was used i #tudy, which made it possible to more
accurately differentiate the ecological situatiavieen the cells of small polygons. Also,
we offered to compose numerograms for small polgd8h Such numerograms show the
levels of climate suitability in neighboring cellnd find the best of them for plant
reproduction.
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Fig. 1. S aethiopis in the Middle Asian Region. Uzbekistan. Surkhandanggion. Boysun
mountains. Near the village Sina; 67.66E: 38.39ht® O. Turdiboev. June 07, 2021.

3 Results

In accordance with the presence of hiatus, whegal lpopulations of this species have not
been found, we propose to divide its range in thédlé Asian Region into three separate
parts: western, central and eastern. In the globatlel obtained at 1/12 arc-degree
resolution (near 50 sqg. km in a cell), there aneess zones highly suitable (red colored)
and suitable (orange colored) for the species df ageterritories with quite suitable
climatic conditions (they having yellow and neallgw colors on plot files). Most of them
are in the western and central parts of the regjidis&ribution of the species, and only one
small fragment of yellow color is in the eastermtjud the area.

The western group of populations (Pamir-Alai) is thost numerous. It includes almost
half of the counted localities — 16 out of 33, adupies the territory within the following
limits: from 66.69E to 67.89E, and from 38.11N t8.Z6N. The distance between
neighboring populations in the western group uguddles not exceed 20 km (Fig. 2).

—_ ——l

g Pt e
Fig. 2. A. Western and central parts of the rang&.dadethiopis in the Middle Asian Region. Black
circles show the position of populations. Bordees &ft — 65.97E, right — 74.09E, up — 44.24N, and
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bottom — 37.43NB. Eastern part of the range 8f aethiopis in the Middle Asian Region. Black
circles show the position of populations, whiteclgs are two outliers. Borders are: left — 74.09E,
right — 82.45E, up — 46.14N, and bottom — 42.42N.

According to a series of predictive models obtajrted most promising territories for
the formation of new populations of the speciestheefoothills and low mountains of the
Terikliktau and Khazratishokh ridges, where thendliic conditions for the habitation of
this species are assessed as suitable (estimatddB)eand highly suitable (estimated level
9). These territories are located 150-200 km to ehet from the easternmost local
populations of the western group of populations laane a total area of more than 3500 sq.
km.

Seven of 16 populations live in the western grofipapulations in the most suitable
climatic conditions. Five of them are concentrabedween 66.93E and 67.22E, and two
other populations are located separately: to thet (@6.69E: 38.38N) and to the east
(Table 1). The expertly calculated sum of pointthie corresponding small polygons varies
from 64 to 66, and the average points are fromt@.¥.3, which corresponds to quite
suitable environmental situation. According to tredues of the probability of finding a
species in raster cells, the most suitable climataditions in the western group of
populations are in two local populations of thecsge with coordinates 67.09E: 38.34N
and 67.09E: 38.84N. At the same time, the morehsontpopulation has a lower expert
assessment of the environment states in a smaiypo] which is due to the assessment of
the southern cell in the nestle (level 4 is amlgmglclose to low suitable).

The central group consists of eight local populaijovhich place between 69.96E and
72.88E, 40.04N and 42.89N. The distance betweeghhering local populations in the
central group can exceed 50 km. The expertly catedlsum of points in the corresponding
small polygons varies from 46 to 69, and the awenagints are from 5.1 to 7.7, which
corresponds to four levels — from ambivalent tdadle environmental situation. There are
two small polygons with the most suitable habitditions forS. aethiopisin the Middle
Asian Region (the expertly calculated sum of poist69, and the average points is 7.7 for
both polygons): around locations with coordinat®96E: 42.48N (Antonovka, Tulkibas
District, Turkestan Region, Kazakhstan) and 70.03E:47N (Keltemashat, Tulkibas
District, Turkestan Region, Kazakhstan). Also, ¢hare high values of raw prediction are
in the locations with coordinates 70.97E:42.48N123; Zhualyn District in Zhambyl
Region, Kazakhstan), and 70.03E:42.47N (0.063abese).

The eastern group consists of nine local populatievhich are between 75.69E and
81.53E, 42.76N and 45.97N. The distance betweeghhering local populations in the
eastern group can exceed more than 60 km (Fig. TH&) expertly calculated sum of points
in small polygones varies from 13 to 61, and therage points are from 1.4 to 6.8, which
corresponds to seven levels — from very low suitatdl quite suitable environmental
situation. Two local populations with coordinates25E:42.81N and 78.47E:44.22N can
be estimated as outliers.

Table 1. Calculated prediction values for environments silityt estimation near 33 local
populations ofsalvia aethiopis in Middle Asia Region

1 2 3 4 5 6 7 8 9

66.69 | 38.38| 0.027434 66.00 0.7648 688678688 |65 |7.2*

66.70 | 38.94| 0.01110Q 40.6l 0.5682 155555356 (42 (4.7
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66.73 | 38.88| 0.012013 4181 0.5875 555556568 |50 |[5.6

66.93 | 39.26| 0.041056 87.2b 0.8295 888888466 (66 |7.3

67.02 | 38.21| 0.036405 81.8

1A%

0.8119 884888866 |64 |7.1*

67.09 | 38.34| 0.06261Q 100.p 0.8813 788886767 |65 |7.2*

67.09 | 38.84| 0.04473§ 94.60 0.8413 866887846 |61 |6.8&

67.10 | 38.11| 0.016045 52.25 0.65%4 888666565 |58 |6.4

67.15 | 38.69| 0.023924 598y 0.7393 767777887 |64 |7.1*

67.19 | 38.20| 0.040107 85.88 0.8262 468888666 (60 |6.7

67.22 | 38.92| 0.042987 90.183 0.8339 788885857 (64 |7.1*

67.24 | 38.75| 0.026803 6255 0.7606 85757775 |58 |6.4

67.53 | 38.55| 0.010002 39.98 0.5425 555757457 |53 |5.9

67.58 | 38.59| 0.009575 39.66 05316 118555757 (44 |4.9

67.69 | 38.36| 0.035957 78.18 0.8099 787687876 |64 |7.1*

67.89 | 38.42| 0.021237 57.48 0.71%7 888774711 |51 |5.7

69.96 | 42.48| 0.053983 100.0 0.8648 777788889 |69 |77

70.03 | 42.47| 0.062761] 100.0 0.8815 778889895 |69 |77

70.07 | 41.09| 0.009823 3981 0.5380 363655377 (47 |5.2

70.94 | 42.74| 0.027337 65.8y 0.7642 776777877 |63 |7.6F

70.97 | 42.48| 0.122662 100.0 0.93% 998399113 |52 |5.8

71.36 | 42.90| 0.009549 39.64 0.5309 555555655 |46 |[5.1
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71.67 | 40.04| 0.01542§ 5161 0.6465 666666177 |57 6.3

72.88 | 42.89| 0.012857 4436 0.6037 555555666 |48 |5.3

75.69 | 42.76| 0.006857 33.1l 0.4482 443555432 |35 (3.9

76.91 | 43.32| 0.029023 68.14  0.7748 77777775 |61 |6.&

77.40 | 43.39| 0.005627 3248 0.3999 555544432 (37 |41

77.70 | 44.21| 0.003679 2749  0.3037 444444444 |36 |4.0

77.75 | 43.92| 0.003905 28.84 0.3164 444444444 36 |4.0

77.97 | 44.33| 0.003395 246y 0.2870 444444444 |36 (4.0

78.25 | 42.81| 0.000454 09.16 0.0511 111211222 |13 |1.b

78.47 | 44.22| 0.000337 07.75 0.0384 333111113 (17 |1.D

81.53 | 45.97| 0.004283 2081 0.3367 444444444 |36 |4.0

Columns are: 1 — X (longitude), 2 — Y (latitude),~3Raw prediction values, 4 — Cumulative

prediction values, 5 — Logistic prediction valués;- numerograms for small polygons based on
expert estimation of suitable levels by colors efls; 7 — sum of points for nine cells of a small

polygon, 8 — average score per a cell of a smdlfjgom, 9 — expert estimation for better small

polygones (***— fine, ** — very good, * — good, oGutliers).

The expertly calculated sum of points in small golyes varies from 13 to 61, and the
average points are from 1.4 to 6.8, which corredpaio seven levels — from very low
suitable to quite suitable environmental situatidwo local populations with coordinates
78.25E:42.81N and 78.47E:44.22N can be estimatedtiiers.

4 Discussion

Generated models show ttataethiopis has a high potential to expand its presence in the
western and central parts of the species rangeeitMiddle Asian Region. Eastern part is
less suitable to distribute the species to othetitdades, with exception of the local
population with coordinates 76.91E: 43.32N, whiglmi quite suitable conditions.
According to obtained results, the most suitablealic conditions are in only two
small polygons (SP) around local populations withordinates 69.96E:42.48N and
70.03E:42.47N in central part of the area. Theyehaw average points per a cell of 9.0
maximum. Other seven SP have average points pell &.8—7.3 (quite suitable climatic
conditions), all in the western part of the arehwoordinates from 66.69E to 67.69E and
from 38.21N to 39.26N. High values of raw predintire in the locations with coordinates
70.97E:42.48N (0.123; Zhualyn District in Zhambyd®on, Kazakhstan), 70.03E:42.47N
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(0.063; Keltemashat, Tulkibas District, Turkestargi®n, Kazakhstan), 67.09E:38.34N
(0.063; Yugori Machay, Surkhandarya Region, Uzkekis and 69.96E:42.48N (0.054;
Antonovka, Tulkibas District, Turkestan Region, Kklastan). These local populations of
S. aethiopis should be assessed as the most likely secondatgrsdor further distribution
of the species in the Middle Asia Region.

New registration of the species in 2021 (see F)gislin the northern cell of small
polygon around the location 67.69E:38.36N, haviniteble environmental conditions '8
level (second position in the humerogram; see Tahlend that fact supports the model
obtained.

This investigation was performed within the framekvof the State assignment of the
CSBG SB RASNe AAAA-A21-121011290024-5. The methodical part of texperimental
studies is supported by the grant of NovosibirskteStUniversity (Russia) «Creation and
development of the Laboratory for biogeomodellingd aecoinformatics of Faculty for
Natural Sciences NSU» under the TOP-100 progranpréparing the publication, the
scientific collection and bioresources databaseCehtral Siberian Botanical Garden,
Siberian Branch of Russian Academy of Science «#tarm of vascular plants, lichens
and fungi (NS, NSK)» USU 440537, and National Heitom of Uzbekistan (TASH) were
used. We are grateful to the curator of the Natibteabarium of Uzbekistan for the useful
help with herbarium materials.
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