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Abstract

In this study, the current state of hazel dormouse (Muscardinus avellanarius) popu-
lations in Ukraine was analysed in detail using the Maxent geographic modelling
tool. It is known that fragmentation of natural ecosystems is one of the main threats
to biodiversity conservation. Species with low population numbers, such as the
hazel dormouse, are particularly vulnerable to this process. Reducing the area of
forests leads to a reduction in the number of areas available for nesting, makes it
more difficult to find food and can change the microclimate in forest fragments,
which leads to changes in the vegetation cover on which the food base depends.
The isolation of individual populations limits the opportunities for genetic ex-
change and adaptation to changing environmental conditions. To estimate the
potential range, we developed a distribution model using data on records of the
species and climatic characteristics of these areas. The results of the modelling
allowed us to identify areas where there is a high probability of occurrence of this
species and to identify key factors affecting its distribution. The model allowed us
to identify areas where there is a high probability of occurrence of this species,
even in the absence of direct observations. It is an important tool for planning
measures to protect and restore natural habitats. The analysis of the obtained data
showed that the distribution of the hazel dormouse is most influenced by climatic
factors that reflect the temperature of the warmest months, humidity, and precipita-
tion. It is these factors that we recommend to be used to develop more accurate
distribution models of the species and predict the potential consequences of climate
change for its range. The study highlights the importance of preserving forest
ecosystems to maintain biodiversity in general and its index species, such as the
hazel dormouse. The obtained results can be used to develop effective strategies for
the conservation of the hazel dormouse and other species that depend on forest
habitats, including the creation of new nature reserves, reforestation and preserva-
tion of old forests.
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AnaJji3 nommmpennss Muscardinus avellanarius (Rodentia) B Ykpaini
3acobamu moaesai Maxent

10aia HoBoceabneBa

Pesrome. VY npoBeneHOMY HOCTIDKEHHI OyJI0 AETaIbHO BUBUCHO CYJacHHI CTaH IOIMYJIALIH JIICKYJIBKH pymol
(Muscardinus avellanarius) na Teputopii YKpaiHH 3 BUKOPHUCTaHHSIM iHCTPYMEHTY reorpad)idHoro MoAeno-
BaHHA Maxent. Bizomo, mo ¢parmenTaniss mpupoAHUX €KOCHCTEM € OJIHIEI0 3 TOJIOBHUX 3arpo3 UId 30epekeH-
Hs 6iopizHOMaHITTA. OcOOIMBO BPa3IMBUMH 10 LIHOTO MPOIECY € BUIU 3 HU3bKOIO YHCENbHICTIO MOMYIIALI], Ta-
Ki SIK JIICKYJbKa pyna. 3MEHIICHHs IO JIICOBUX MACHBIB MIPHU3BOAUTH 0 CKOPOUYCHHS KUIBKOCTI TOCTYIMHUX
IUIS THi3AyBaHHS TEPUTOPiH, YCKIIQAHIOE TOIIYK DKI Ta MOYKE 3MIHIOBATH MIKPOKIIIMAT Yy (parMeHTax Jcy, 0
HPU3BOAUTE 1O 3MiH POCIMHHOTO MOKPHUBY Bifl SIKOTO 3aJIeXHTh KOpPMOBa 0aza. [30is1is OKpeMuX MOIyJIsiit
00MEKy€e MOMIIMBOCTI JUIsl TEHETUYHOTO OOMIHY Ta ajamnTailii o 3MiH YMOB cepeioBuina. JIJis OIiHKU MOTCH-
LifHOTO apeary MH po3poOHIM MOAEIb IONIMPEHHS, BAKOPHCTOBYIOUH JIaHi PO 3aIlMCH 3HAXIIOK BUAY Ta Kli-
MaTH4HI XapaKTePUCTHKHU IUX TEPUTOPil. PesynbraTn MozemoBaHHs 103BOIMIM BU3HAUUTH AUISHKH, 1€ iCHYE
BUCOKA MMOBIPHICTB 3yCTpidi LFOTO BHUIY, Ta iICHTH(IKYBATH KIIOYOBI (AKTOPH, IO BIUIMBAIOTH HA HOTO IO-
mIMpeHHs. Moiens JO3BONINIIAa BU3HAYUTH TUITHKH, /1€ iICHY€ BUCOKA HMOBIPHICTH 3yCTpidi IIbOTO BHUIY, HABITH
3a BIICYTHOCTI MPSIMHX CIIOCTEpEKeHb. Lle € BaXKITMBUM IHCTPYMEHTOM JUIS IIaHYyBAaHHS 3aXOJIiB 3 OXOPOHH Ta
BIZTHOBJICHHSI IPHPOJHUX MICIb iCHyBaHH:. AHaNi3 OTPHUMAaHMX JaHUX MMOKA3aB, IO HA MOIIUPEHHS JIICKYIbKH
pyzoi Haif0iIbIIe BIUIMBAIOTH Ti KIIMAaTH4HI (aKTOPH, SKi BiTOOPaXKaloTh TEMIEPaTypy HANTEILTIIIMX MICSILIB,
BoJiorocTi Ta onaziB. Came 1 GakTopu BapTO BUKOPHCTOBYBATH ULl PO3POOKH OIIbII TOYHUX MOJENeH HOIIH-
PEHHS BUly Ta IIPOTHO3YBaHHS IMOTEHIIHHNX HACIIIKIB KJIIMaTHYHUX 3MiH Ui ioro apeaiy. [IpoBenene nocii-
JOKEHHSI MTIIKPECITIOE BaXKIIUBICTD 30€peKeHHs JIICOBUX EKOCHCTEM JUISl MIATPUMKH O0i0pi3HOMAHITTS 3arajioM i
HOTo IHAWKATOPHUX BUIB, SIKUM € JicKynbka. OTprMaHi pe3yabTaTH MOKYTh OYTH BUKOPUCTaHI T PO3POOKH
e(eKTUBHUX CTpaTeriid 30epekeHHS JICKYIbKU PyA0i Ta iHIIUX BUIB, SKi 3aJIeXKaTh Bif JIICOBUX O10TOIIB, 30K-
peMa CTBOPEHHs HOBHX NPHPOJHO-3aM0OBITHIX TEPHUTOPIH, MPOBEICHHS 3aXOJiB 3 JICOBIIHOBIECHHS Ta 30epe-
JKEHHS CTapuX JICiB.

KntouoBi cnoBa: Muscardinus avellanarius, nommpeHHs, pakTOpH cepepoBHIa, Moaels Maxent.

Introduction

Habitat fragmentation caused by human activities is one of the main causes of negative impacts
on biodiversity. This phenomenon consists of the transformation of larger habitat areas into smaller
ones or fragments that are usually more isolated than in their original state [Rocha et a/. 2021]. Criti-
cally assessing the environmental variables that affect the status of threatened species can help de-
termine the relative impact of factors that are easier to change, such as habitat and its management,
versus those that cannot be changed, such as climate.

The hazel dormouse, Muscardinus avellanarius (Linnaeus, 1758), is a European protected spe-
cies listed in Annex IV of the European Commission Habitats Directive [EUR-lex, 1992].The spe-
cies is listed as Least Concern on the [IUCN Red List [Hutterer et al. 2021].

This species was included in this category, in particular, due to insufficient data on its distribu-
tion and population status, as this is a difficult task for scientists, due to behavioural features such as
nocturnal lifestyle, its habitats are difficult to study. The hazel dormouse is one of those species that
suffers from habitat fragmentation due to low population density.

Currently, there is no accurate data on the distribution of the hazel dormouse in Ukraine, which
is why the aim of this work is to develop a distribution model with further analysis of the climatic
conditions that most affect its population.

Materials and Methods

Records of hazel dormouse occurrences in the territory of Ukraine were collected from five data
sources:
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1) museum data, primarily collection catalogues, including the collections of the Department of Zoology
at the National Museum of Natural History, National Academy of Sciences of Ukraine [Shevchenko &
Zolotukhina 2005], Benedikt Dybovsky Zoological Museum of Ivan Franko National University of Lviv
[Zatushevskyy et al. 2010], and the Zoological Museum of Taras Shevchenko National University of Kyiv
(card index);

2) online biodiversity databases (UkrBin [UkrBin], GBIF [GBIF]);

3) literature sources on the distribution of the family Gliridae [Bezrodny 1991; Zaytseva-Anciferova
2013], results of surveys [Lysachuk 2012; Geryak & Khalaim 2020; Havrylenko et al. 2023] and local
studies of the mammal fauna [Zizda 2008; Skilskyi & Meleshchuk 2016; Tsvelykh 2020];

4) OSINT search for findings in social networks (Facebook, Instagram, and YouTube);

5) own field research and observations.

Expeditions to record species of the family Gliridae in artificial nests were conducted in 2023 in
two locations: the Podilski Tovtry National Nature Park and the Polissia Nature Reserve. During the
surveys in Podilski Tovtry NNP, on 6 July 2023, one hazel dormouse was found in 16 hollows, and
on 26 September 2023, ten individuals were found in 19 artificial nests. In the Polissia Reserve,
during surveys on 13—15.09.2023, one individual was found per 75 nest sites (Fig. 1a).

Based on the entire array of these data, a database of hazel dormouse finds in Ukraine was cre-
ated. It was developed in Google Sheets software and contains information on geolocation points,
the author of the find, and additional information. The database contains 248 records (locations) for
19002023, all of them are presented on the map (Fig. 15).

The modelling of the distribution of the hazel dormouse in Ukraine was carried out according to
standard methods of work in the Maxent software [Phillips et al. 2006, 2008] using GIS layers of
19 bioclimatic factors (Table 1), which are derived from average temperature and humidity for over
60 years, and contain the average climate conditions in 1940-2000.

The cell size (resolution) of the climate GIS layers and the resulting spatial models was chosen
as 2.5 angular minutes for the maps of probable distribution within Ukraine. The reliability and pre-
dictive power of the model was calculated using standard methods and the AUC parameter. The
AUC parameter of the model cannot be lower than 0.5, as this corresponds to a random forecast of
distribution, in which case the Maxent model has no predictive power. According to the accepted
standards for evaluating environmental and climate models, the predictive quality of a model is low
if the AUC is in the range of 0.0...0.70; satisfactory if AUC = 0.70...0.80; good if AUC = 0.80...0.90,
and excellent if AUC > 0.90 [Philips et al. 2008]. For our propagation model, the AUC value for the
training data is 0.905, and for the test data it is 0.903, which means that the predictive quality of the
model is excellent.

Table 1. Bioclimatic indicators used in the study

Tabmums 1. biokniMaTH4HI TOKA3HUKH, BHKOPHUCTAH] Y TOCTIHKEHH1

Code | Description Code | Description

BIO1  Annual mean temperature

BIO2  Mean diurnal range (Mean of monthly (max temp — BIO11 Mean temperature of coldest quarter
min temp))

BIO3  Isothermality (BIO2/BIO7) (x100) BIO12 Annual precipitation

BIO4 Temperature seasonality (standard deviation x100) BIO13 Precipitation of wettest month

BIOS  Max temperature of warmest month BIO14 Precipitation of driest month

BIO6  Min temperature of coldest month BIO15 Precipitation seasonality (coefficient of

variation)

BIO7 Temperature annual range (BIO5-BIO6) BIO16 Precipitation of wettest quarter

BIO8  Mean temperature of wettest quarter BIO17 Precipitation of driest quarter

BIO9  Mean temperature of driest quarter BIO18 Precipitation of warmest quarter

BIO10 Mean temperature of warmest quarter BIO19 Precipitation of coldest quarter
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Fig. 1. Hazel dormouse and its geographical range in Ukraine: (@) an individual found during the survey of artificial
nests in the Polissia Nature Reserve; (b) record localities of the species in Ukraine in 1900-2023.

Puc. 1. Jlickynbka pyna Ta ii apean B YkpaiHi: (¢) ocoOuHa, BUSBICHA ITi]1 4ac OOJIKY INTYYHUX THi3IiBeNb B [loichk-
KOMY NIPHPOJHOMY 3aIlOBITHUKY; (H) TOUKH 3HAXiTOK BUIy B YKpaini y 1900-2023 pokax.

Fig. 2. A model of hazel
dormouse distribution based
on the processing of original
data. A variant of the model
based on log-transformed
data was used.

Puc. 2. Moaens nmomupeHHs

B e o JICKYJBKA PY/I0i Ha TijacTa-
B ign Bl ONpaLIOBaHHS MAacHBY
Average OpHMIiHAILHUX JaHuX. Bu-
.. KOPHUCTaHO BapiaHT MOJEI,
B ey 0w o 6a3yeThCs HA JOTiCTHY-

HOMY (hopMarti JaHUX.

Distribution model

When building the model, its graphical representation (Fig. 2) uses colours to indicate the pre-
dicted probability that conditions are suitable: red indicates a very high probability of suitable condi-
tions for a species, orange indicates a high probability, yellow indicates a medium probability, and
pale and intense green indicate a low and very low probability of detecting a species.

For the hazel dormouse, we see that the appropriate conditions, according to the model, are
highest in four administrative regions (oblasts) of Ukraine: Zakarpattia, Ivano-Frankivsk, Chernivtsi,
and Zhytomyr. There is also a high probability of occurrence in the south-western part of Lviv Ob-
last, the western part of Volyn Oblast, the northern part of Kyiv Oblast, and most of Rivne, Ternopil,
Khmelnytsky, and Vinnytsia oblasts. Small pockets are observed in the west of Chernihiv and Kiro-
vohrad oblasts, as well as in the centre of Cherkasy and in the north of Odesa oblasts. The model
predicts mediocre conditions in Chernihiv, Sumy, and Poltava oblasts. In other regions of Ukraine,
the probability of suitable conditions for the hazel dormouse is low.
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reqularized training gain JaHUX.
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Standard methods were used to analyse the propagation model, one of which is the jackknife of
training gain. For the model, we conducted three tests to assess the importance of the variables: a test
based on training data, testing data, and an AUC-gain test. We analyse the first test based on training
data (Fig. 3).

The columns of the graph indicate how important each variable is for the model: dark blue sec-
tors are when only one variable is used, blue sectors are when this variable is excluded and all others
are used. Analysing the dark blue columns of the graph based on the training data, we see that the
lowest increase in predictive power for the model is for BIO11 (mean temperature of coldest quarter)
and BIO19 (precipitation of the coldest quarter), BIO2 (mean diurnal range (mean of monthly (max
temp — min temp)), BIO3 (isothermality (BIO2/BIO7) (x100)), BIO6 (min temperature of the cold-
est month), and BIO9 (mean temperature of driest quarter).

The largest increase is observed in the following indicators: BIO10 (mean temperature of
warmest quarter), BIO13 (precipitation of wettest month), BIO16 (precipitation of wettest quarter),
BIO18 (precipitation of warmest quarter), and BIO5 (max temperature of warmest month).

Discussion

Over the years, different authors have also noted the distribution of the hazel dormouse in
Ukraine. Mygulin [1938] showed that the species is distributed mainly in the forest and forest-steppe
zones of Ukraine, in particular, in Kyiv, Chernihiv, and Poltava oblasts. Sokur [1960] noted a signif-
icant expansion of the species’ range in Right-bank Ukraine (west of the Dnipro River), including
the Carpathians and to the south, to Odesa Oblast. Tatarynov [1956] confirmed its widespread distri-
bution in the Carpathians and Lviv Oblast. Bezrodny [1991] studied the distribution of the species in
Zakarpattia, Lviv, and Zhytomyr oblasts in detail, clarifying previously known data.

In general, we can observe an expanding tendency in the range of the hazel dormouse in
Ukraine during the 20th and 21st centuries. However, it is worth noting that this is more likely due to
the development of research technologies and methods, because due to the specifics of the species’
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ecology, findings in the wild are usually accidental, and modern research is based on records in arti-
ficial nesting sites. It can also be linked to habitat fragmentation, as the smaller the forest area, the
easier to find a hazel dormouse nest by chance.

The analysis of factors that affect the species’ distribution shows that the smallest increase in
the model’s predictive power is provided by indicators related to temperatures of the coldest months.
This may be due to the fact that the hazel dormouse is a species that hibernates during the cold sea-
son [Gubert ef al. 2023], and that is why these indicators are less significant for building the model.

There was also a small increase in the average daily temperature ranges, average temperatures
of the driest month, and isothermicity. This is probably due to the behavioural characteristics of the
species and its typical habitat, as these rodents are active at night, and their habitat is the forest un-
derstorey [Juskaitis & Biichner 2013], which maintains stable conditions even on the driest and hot-
test days of summer.

The best increase in predictive power of the model is provided by indicators reflecting the tem-
perature of the warmest months, humidity, and precipitation. This is probably due to the specifics of
the habitats of the hazel dormouse, as the growth of plants that provide shelter and food resources for
these animals depends on all these indicators. Also, in favour of this hypothesis, we can note that the
plants preferred by this species are primarily hazel, buckthorn, raspberry, and honeysuckle [Juskaitis
& Baltrunaité 2013], are moisture-loving.

Conclusions

The development of distribution models for vulnerable species is an important measure, as it al-
lows us to estimate the probability of occurrence of a species in a particular area of its range, identify
regions with the best habitat conditions, and develop methods of territory management to preserve
local habitats. The study provides a comprehensive analysis of the distribution model of the hazel
dormouse in Ukraine.

The analysis suggests that the following five indicators have a high predictive ability: BIO10
(mean temperature of warmest quarter), BIO13 (precipitation of wettest month), BIO16 (precipita-
tion of wettest quarter), BIO18 (precipitation of warmest quarter), and BIO5 (max temperature of
warmest month). All of them are most important for building models of distribution of this species,
and the author recommends using them for further studies of the distribution of the hazel dormouse.
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