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The article presents a bioclimatic model of the potential range of Bulbocodium versicolor in
European Russia. To build the model, we analyzed a matrix containing 166 B. versicolor localities
in the studied region; the analysis was carried out in the SDMtoolbox program using the climatic
paramaters from the WorldClim open database. The model demonstrates that, given the available
dataset on the modern climatic conditions, B. versicolor may occur in a wider geographical range
comprising, at the very least, the Belgorod, Voronezh, Volgograd, Lipetsk, Penza, Rostov and
Saratov provinces. Also, within European Russia, the most favorable conditions for B. versicolor
are found in most of the Voronezh and Volgograd provinces as well as in some areas of the Right
Bank and Left Bank of the Volga River adjacent to the Volga Upland (in the Saratov province).
The maximum occurrence probability is 70-100% while the average occurrence probability is 40—
60%. The maximum contribution to the model is made by the precipitation of the warmest and
most humid quarter (June—August); a smaller contribution is made by the average temperature of
the coldest (December—February) and warmest (June — August) quarters as well as by the average
annual precipitation. The least contribution is made by the precipitation of the most humid month
(July) and the driest quarter (March—-May). Finally, we conclude that bioclimatic model facilitates
a better understanding of the geographical distribution of the species in question.
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Precise information on a species’ geographical distribution is fundamental for the
monitoring and preservation of the species biodiversity as well as the testing of bio-
geographical hypotheses (Chiryulina, Bocharnikov, 2019). In general, the data concern-
ing the distribution of the rare species are scarce (Ananyeva, Golynsky, 2013; So-
lodyankina et al., 2016), which complicates the performance of the above stated tasks.

Conventionally, the species’ geographical ranges were depicted using the linear and
grid methods. Today, those methods are being replaced by the innovative bioclimatic
modelling methods based on the GIS-technology. As other researchers mention, the GIS-
based modelling is a powerful tool for identifying the most climatically favorable sites
for any taxon — species in particular (Ward, 2007; Olonova, Gudkova, 2017). Also, bio-
climatic models may trigger the ground search for new species’ localities in the territory
enveloped by the obtained model. It is of particular importance for the definition of the
rare species’ ranges and the development of their preservation measures. Furthermore, a
model of the species’ potential range may be applied in the search for the natural sites
suitable for the species reintroduction.

Currently, the maximum entropy mapping in the MaxEnt program is considered the
most efficient approach to the species potential range modelling (Anderson et al., 2003;
Phillips et al., 2006; Phillips, Dudik, 2008; Phillips, 2010). The MaxEnt program gener-
ates the maps showing the probability of the species’ presence or absence in a particular
locality. The probabilities are calculated based on the correlation of the various envi-
ronmental factors and the species’ known localities. Thus, using the data on the envi-
ronmental values in the known localities, the program predicts the probability of the spe-
cies occurrence in other localities.

The program also helps to evaluate the contribution of various climatic parameters
to the potential range model. This information is fundamental for identifying the key
limiting factors that hinder the species dispersal. In addition, based on the climatic val-
ues of the species’ localities, one can define the species profile, namely the degree of its
adaptability to the varied climatic conditions (Olonova, Gudkova, 2017; Ward, 2007).

In the present research, we attempt to build the bioclimatic model of the potential
range of Bulbocodium versicolor (Ker-Gawl.) Spreng. in European Russia. B. versicolor
is a relic of the postglacial period, belonging to the Melanthiaceae family and originated
in the Mediterranean region (Mayevsky, 2014). The species is under protection through-
out its whole range (Melnik et al., 2007; Tsvelyov, 2008). Its range is disjunctive; and it
comprises primarily the forest-steppes and steppes of the East European Plain from the
Podolsk Upland (Ukraine) to the Volga Upland (Russia). Individual small exclaves are
found in Moldova, Romania, Hungary, Serbia and Italy (Csapody, 1982; Oltean et al.,
1994; Conti et al., 1997; Conti, Bartolucci, 2012). In Russia, B. versicolor is confined to
the Central Russian and Volga Uplands (Tsvelyov, 2008). The south-eastern and eastern
borders of the species range pass in the Lower Volga region (Sagalayev, Shantser,
2006); its northern border also passes in the Saratov province (Petrova et al., 2015).

The research objective is to identify the most climatically favorable localities for
B. versicolor in European Russia. Prior to the present research, we carried out the grid
mapping of B. versicolor localities in the Lower Volga region based on the grid squares
of the Atlas Florae Europaeae (Petrova et al., 2015). Upon the analysis of the available
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herbarium specimens and wild specimens gathered in the known natural localities, we
concluded that the data on the species distribution are highly fragmentary, and many of
the species’ descriptions are based on the same few localities. We noted that B. versi-
color specimens grow in remote localities and flower for a very short period during the
annual spring thaw. Considering the fact that B. versicolor natural populations are hard
to reach, we proposed that new research methods are required to study the species’ range
and to define its preservation status.

Material and methods. In order to build the model, we compiled a matrix contain-
ing 166 natural species localities. For the matrix, we used the data obtained in the course
of our own research and documented in other scientific literature as well as the material
from the herbaria of Saratov State University (SARAT), Komarov Botanical Institute of
the Russian Academy of Sciences (LE), Moscow State University (MW), Moscow Bo-
tanical Garden of Academy of Sciences (MHA) and Volgograd Regional Botanical Gar-
den. For modelling, we selected the populations with two or more decimals in the coor-
dinates. Such precise data were available only for the populations located in the East-
European part of the species range in Russia — the Belgorod, Volgograd, Voronezh,
Kursk, Lipetsk, Rostov, Saratov and Tambov provinces.

To reveal B. versicolor climatic profile and build the model of the species distribu-
tion, we used the SDMtoolbox v 2.4 program written in Python (v 2.7) (Brown et al,,
2017). The data on the environmental parameters were extracted from the WorldClim
Version 2 open database comprising 19 bioclimatic variables (Fick, Hijmans, 2017). The
database contains the network at 30 second spatial resolution (~ 1 km) with the climatic
parameters located in its nodes. Potential range modelling was performed using one of
the tools of Run MaxEnt: Spakerally Jackknife (Brown et al., 2017). The contribution of
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Figure. The model of Bulbocodium versicolor potential climatic
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The accuracy of the obtained model is supported by the AUC value — a parameter
which is used to assess the model fitness to predict the likelihood of the species occur-
rence in a site where it is known to be present. For our model, the training AUC is 0.992
and the test AUC is 0.991, which proves the high accuracy of the generated model
(Aragjo et al., 2005).

The obtained model shows that, given the available dataset on the climatic condi-
tions, B. versicolor may occur in a wider range enveloping, at the very least, the Bel-
gorod, Voronezh, Volgograd, Lipetsk, Penza, Rostov and Saratov provinces. In Euro-
pean Russia, the most favorable conditions for B. versicolor are found in most of the
Voronezh and Volgograd provinces as well as in some areas of the Right Bank and Left
Bank of the Volga River adjacent to the Volga Upland (in the Saratov province). The
maximum occurrence probability accounts for 70-100% while the average occurrence
probability amounts to 40—60%.

Also, the obtained potential range model allowed us to detect the contributions of
various climatic variables into the species dispersal. As the Table shows, the model is
impacted on by the following ecological factors: most significantly — by the precipitation
of the warmest and most humid quarter (June—August), less significantly — by the average
temperature of the coldest (December—February) and warmest quarters (June—August) and
the average annual precipitation, and least of all — by the precipitation of the most humid
month (July) and the driest quarter (March—-May). Thus, the results indicate that the key
factors affecting B. versicolor dispersal are the summer precipitation, the winter and sum-
mer temperatures, and the temperature seasonality. We attribute it to the fact that hot tem-
peratures and moisture deficit result in drought that hinders the specimen’s development,
seed germination, shaping of new bulbotubers and the specimen’s shift to dormancy.

Table. The WorldClim default bioclimatic parameters and their contribution to the obtained
MaxEnt model, %

Parameter Contribution Permutation importance

The average temperature of the most humid quarter 22.2 1
Temperature seasonality (coefficient of variation) 11.8 0
Precipitation of the coldest quarter 10 4.6
Precipitation of the driest quarter 9.3 8.5
The average temperature of the warmest quarter 7.6 11.7
Precipitation of the warmest quarter 7.5 15.5
Average temperature of the driest quarter 73 0
Precipitation of the driest month 5.3 2.8
Precipitation of the most humid quarter 4.5 14.9
Average annual amplitude of temperature fluctuations 43 24
Average temperature of the coldest quarter 3.7 12.6
Precipitation of the most humid month 3.6 10.8
Isothermality 1.5 0.5
Average annual precipitation 0.8 11.2
Minimum temperature of the coldest month 0.4 3.5
Average annual temperature 0.2 0
Precipitation seasonality (coefficient of variation) 0 0.1
Maximum temperature of the warmest month 0 0
Monthly average daily amplitude of temperature 0 0
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Thus, we draw a conclusion that the bioclimatic modelling of the species potential
range is an efficient tool for studying the species distribution. We emphasize that limited
literature data and scarce herbarium samples (Petrova et al., 2015) do not provide suffi-
cient information on B. versicolor distribution. It is primarily due to the remoteness of
the species’ localities and the specimens’ short flowering that coincides with the peak of
the annual spring thaw. In this light, we suppose that the employed modelling method is
crucial for investigating B. versicolor distribution, gaining a clearer idea of its range,
monitoring the state of its populations and defining the species preservation status.
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Shushunov V. A. Potential Range of Bulbocodium versicolor (Ker-Gawl.) Spreng. (Colchicaceae,
Liliopsida) in Russia [Kawun A. C., Ilapxomenxo A. C., Kyauxoea JI. B., [lemposa H. A., [Lluno-
6a U. B., Jlaspenmves M. B., Lllywynoe B. A. TloteHumanbublii apean Bulbocodium versicolor
(Ker-Gawl.) Spreng. (Colchicaceae, Liliopsida) Ha Tepputopuu Poccun] // TIOBOIKCKHIA 3KOIOTH-
yeckui xkypHail 2020. Ne 2. C. 241 — 247. DOL: https://doi.org/10.35885/1684-7318-2020-2-241-247

IIpu aHanuse MaTpuIbl, coaepxalieil koopanHatel 166 MecToHaxoxaeHul B. ver-
sicolor B EBpomnetickoii Poccun, B mporpamme SDMtoolbox ¢ Hcnonb30BaHHEM HH-
¢dopManuy 0 KIMMAaTHYECKUX IApaMeTpax Cpelbl U3 OTKPBHITOH 0a3bl JaHHBIX
WorldClim moctpoera MojeNnb MOTEHIHATBHOTO OHOKIMMATHYECKOTO apeaiia 3TOTO
BUa. Mozenb TeMOHCTPUPYET, YTO B COBPEMEHHBIX KIMMAaTHUECKUX yCIOBHAX, UCXO-
ISl U3 UMerolerocss Habopa JaHHEIX, B. versicolor MOXeT BCTpPEYaThCsl 3aMETHO LIHPE,
o KpaiHeill Mepe, Ha Teppuropuu benropoackoit, Boponexckoii, Bonrorpauckoii,
Jlunenxoii, Ilensenckoit, PocroBckoii n CapaToBckoit obnacreil. Hanbonee 6iaronpu-
ATHBIE YCIIOBUSI 110 apeaiy B npefenax EBponelickoit Poccun amst mpouspactanus Buaa
ompeneneHsl s Bcel Oombiiel acti BopoHexckoit u Bonrorpaackoit obnacreii, a
TaKXkKe M0 MpHJIeTaromuM K [IpuBODKCKON BO3BBIIEHHOCTH palioHaM [IpaBoOepexbs u
TIPUBOIDKCKUM patioHaM JleBoOepexns CapaToBckoit ob6macTH. MakcnManbHast IPOTHO-
3upyeMast BeposiTHOCTh cocTasisieT 70 — 100%, HO B cpeZlHEM 3TOT MOKa3aTeNlb HaXo-
qures Ha yposHe 40 — 60%. IToka3aHo, 4TO MakCHUMalbHBIN BKJIaJ] B IOCTPOCHUE MOJIe-
JIM BHOCSIT OCAJIKH CaMOT'0 TEIUIOTO M CaMOT0 BJIaXKHOTO (MIOHB — aBI'yCT) KBapTaJlOB, B
MEHBILIEH Mepe — CpeHss TeMIiepaTypa caMoro XoJIoJHOro (Aexadps — deBpanb) u
HaunboJsee TeIoro (MIOHb — aBryCT) KBapTaJoB, a TAK)KE CPEIHETOJOBbIE OCAJIKU, U B
emé MEHBIIEeH CTETIeHH — OCAIKH CaMOro BIAXKHOTO MecsIa (HMI0JIb) U CAMOTO CyXOTo
KBapTana (MapT — Maif). buoknumariueckast MOJeTbh HOTEHINAIBHOTO apeaa Mo3BOJIs-
eT OoJiee IOJTHO MPEICTaBUTh KapTHHY PAacIIpOCTPaHEHUS BHA.

Kniouesvie cnosa: MonennpoBaHHe, TOTEHIUATIbHBIN OMOKIMMATHYECKUH apeal,
SDMtoolbox, B. versicolor.
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