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Abstract

The studies were carried out in 2021 near the village of Yushevichi, Nesvizh Raion,
Minsk Oblast (Belarus). The content of pellets of three bird species were analysed:
Buteo buteo, Buteo lagopus, and Corvus corax. In total, 129 intact and about 30
destructed pellets were processed. Skeletal elements of five small mammal species
belonging to five genera of two orders (Rodentia and Eulipotyphla) were found,
including remains of nine speckled ground squirrels. The remains of seven of the
nine ground squirrel individuals found in the pellets were found in raven pellets,
however, the authors believe that this fact does not yet prove a greater influence of
the raven on the local ground squirrel population. The pellets analysis and observa-
tions of feeding behaviour of the three bird species prove that the speckled ground
squirrel is constantly included in the diet of both diurnal birds of prey (genus Buteo)
and of atypical predators with a mixed nutrition (raven). Finding of intact skulls of
Spermophilus suslicus in pellets of the mentioned bird species is unlikely, which is
determined by its considerable size. This circumstance does not allow obtaining
most of the craniometric characters, but does not prevent the detection of pathomor-
phological changes. To compare the craniological characters, we used the skulls of
dead ground squirrels (n = 5) found in the field near the village of Yushevichi.
These individuals had visible injuries (lacerated wounds, etc.) presumably left both
by predators and fights between ground squirrels. The most striking pathomorpho-
logical changes were revealed: osteoporosis and osteolysis of dental alveoli of the
upper and lower jaws and initial osteomyelitis of the cranial vault (in the parietal
and frontal bones). We believe that the speckled ground squirrel’s conservation
status should be raised to at least Category Il (according to the system of categories
adopted in Belarus) for the following reasons: over the past six years, out of 12
known colonies, only four colonies have survived, two of which are practically
unviable; stable for 10 years reduction in the number; and range fragmentation
(single localities). According to the IUCN classification, it corresponds to category
CR (critically endangered).
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OcTeosioriynnii MaTepiaJ i cTaH momyJsinii XoBpaxa Kpan4acroro
(Spermophilus suslicus) na nepudgepii BunoBoro apeany (binopycn)

Ouexcanap Casapin, Cepriii Illokasno

Pestome. Hdocmimxenns mposeneHo y 2021 p. nobmusy cena HOmeBuui HecBixkcepkoro paitony Mincekoi 0011
TpoananizoBaHO BMICT MEJIETOK TPhOX BHIIB NTaxiB: Buteo buteo, Buteo lagopus ta Corvus corax. Po3iGpato
129 minux Ta 61u3pko 30 HETMOBHHX MEJIETOK. BHABICHO KICTKH CKeJeTa I’ STH BUJIIB IPiOHUX CCAaBIIB, IO Ha-
Jexarts 0 5 poxis 3 1Box psaiB (Rodentia ta Eulipotyphla), y T.4. xoBpaxiB kpanuactux. Pemtku cemu i3 nes'-
STH BUSIBIICHUX Y TeJeTKaX OCOOMH XOBpaxa BUIIAIAIOTh Ha MEJISTKH BOPOHA, IIOPH IIe, aBTOPH BBAXKAIOTH, 110
1ei (akT e He JOBOAMUTH OUIBIIOrO BIUIMBY BOPOHA Ha MiCLEBY HOIMYJISALII0 XOBpaxa. AHaJi3 BMICTY HEJIETOK
Ta CIIOCTEPE)KEHHS 32 KOPMOBOIO aKTHBHICTIO TPbOX BHIIB NTaXiB CBiAYaTh, IO XOBpaX KPam4acTUH BXOJHUTH
JI0 OCHOBHOTO DAIiOHY fIK JCHHUX XIDKUX NTaxiB (pig Buteo), Tak i HETUNOBUX XIDKaKiB, 10 MAIOTh 3MILIAHUH
THIT KHBJICHHs (BOpOH). 3Haxijika 1inoro ueperna Spermophilus suslicus y nenerkax Ha3BaHWX BHJIIB NTaxiB Ma-
JIOMIMOBIpHA, 110 BU3HAYAETHCS 3HAYHUMU HOTro po3Mipamu. L{s obcTaBuHA HE 103BOJISIE OTPUMATH OLITBIIICTH
KpaHIOMETPUYHMX XapaKTePHCTHK, IPOTE HE 3aBaykae BUSIBICHHIO ITATOMOPQOIOTIYHNX 3MiH. [ MOPiBHSIHHS
KPaHIOJIOTIYHHUX XapaKTEePUCTHK BUKOPHUCTOBYBAJIN Yepel 3aruOINX XoBpaxiB (n = 5), 3HalIeHUX Ha MO 0115
IOmeBnyi. 1i ocobn Manu BUAMMI MONIKO/KEHHS Tija (pBaHi paHU TOIIO), IO Tepeadavae BIUIUB Ha IXHIO eli-
MiHaLI0 TpaBM, IO OTPUMaHi B pe3yJIbTaTi HAMa B XMKaKiB, a TAKOXK BHACIIZOK O1HOK MiX XOBpaxaMu. Buss-
JICHO HAMOUIBII sSICKpaBi HaTOMOP(OJIOTIYHI 3MIHU: OCTEOIIOPO3 Ta OCTEOII3 B 00JIACTiI KOPEHiB 3y0iB Ha BEpXHii
Ta HIDKHIN IIesenax, JUITHKA CKICHiHHA depena (y TiM'sHii Ta J1000Bil 9acTKax), M0 3a3HAJIH OCTEOMIEITY (Y
MOYaTKOBIH cTafii). BBaskaemo, 0 MPUPOTOOXOPOHHHN CTAaTyC XOBpaxa KpamyacToro Ma€ OyTd IiIBHILCHHUN
moHaiimMenme o 1l kareropii (3a cucteMoro kateropii, npuiHATHX B binopyci) 3 Takux NPUYMH: 32 OCTaHHI
IIICTh POKIB, i3 12-TH BiTOMUX KOJOHIH 30eperiocs TUTbKH YOTUPH, 3 SIKUX JBI HEXKUTTE3/IaTHI; cTablIbHE Ipo-
TsiroM ocTaHHiX 10 poKiB CKOPOYEHHS YHCENbHOCTI; PparMeHTapHICTh HOIIMPEHHS (IT00ANHOKI JOKajiTeTn). 3a
knacudikaniero MCOII ue Bianosinae kareropii CR (critically endangered).

Kurouosi ciaosa: Binopycs, Spermophilus suslicus, menerku nraxiB, XMKamTBo, KiCTKH, ATOJIOTIS, 3arpo3a
BIDKUBAHHIO.

Introduction

The speckled ground squirrel (Spermophilus suslicus) is one of the rare species of the Belarus-
ian mammal fauna; it is included in the Red Data Book (category Il of national environmental sig-
nificance). Whereas only two or three years ago this rodent’s colonial settlements were preserved in
four administrative districts (Nesvizh, Stolbtsy, Baranovichi, and Kopyl) of Minsk Oblast [Abram-
chuk et al. 2021], at present they are recorded only in Kopyl and Nesvizh raions. The largest colony
is on the outskirts of the village of Yushevichi, Nesvizh Raion [Shokalo & Yankevich 2022]. Ac-
cording to the estimates of specialists as of the spring of 2020, the total number of speckled ground
squirrels in all known residential colonies of Belarus was about 5000 individuals.

The main unfavourable factors for the speckled ground squirrel colonies in the region are deep
land ploughing and the overgrowth of habitats with vegetation due to the lack of cattle grazing on
pastures [Shokalo & Yankevich 2022]. To preserve the species’ abundance, it is important not only
to conduct monitoring observations, but, above all, to identify inhabited areas. It is advisable to do
this without removing the animals from their environment (using only dead animals, bird pellets,
followed by small mammal craniological characteristics analysis).

Ground squirrels are part of the diet of several predatory mammals (foxes, mustelids, stray dogs
and cats) and birds (western marsh and hen harriers, rough-legged buzzards, kestrel, northern gos-
hawk, lesser spotted eagle, black kite, grey heron, and corvids) [Petrovsky 1960; Korepov 2012;
Tokarsky 2014; Woijtaszyn et al. 2015; Shokalo 2019]. The impact of adverse factors and the elimi-
nation of individuals is especially severe in small, isolated colonies.
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In the Belarusian theriological literature, there is no information on findings of speckled ground
squirrel bones in pellets of birds of prey. The variability of some cranial measurements is indicated
in the publications of Obolensky [1927], Mikholap [1956], Petrovsky [1960], and Serzhanin [1961].
Obolensky collected material (n = 6) in Slutsk Raion of Minsk Oblast, Mikholap (n = 160) in Minsk
and Brest oblasts, Serzhanin (n = 198) in Nesvizh and Kopyl raions of Minsk Oblast and in
Lyakhovichi Raion of Brest Oblast. Petrovsky [1961] examined 814 individuals from various re-
gions of Belarus. His dissertation abstract does not specify the number of measured skulls, while the
dissertation text itself gives the average measurements of male (n = 63) and female skulls (n = 79).
Theriological monographs and guides published later in Belarus [for example, Savitsky et al. 2005]
contain mainly information borrowed from the works of Petrovsky.

The objectives of the work are to assess the prospects of the species’ conservation, to give a pre-
liminary assessment of the trophic impact of birds on the speckled ground squirrel settlements, and
to describe the skull pathologies identified in individuals that died from unknown causes and in the
bone fragments found in pellets.

Materials and Methods

The collection of pellets of three bird species (Corvus corax, Buteo buteo, and Buteo lagopus)
was carried out mainly in June 2021 (one pellet in March) near the village of Yushevichi, Nesvizh
Raion, Minsk Oblast, Belorus. The study site is an agricultural land used mainly for grazing and
haymaking (Fig. 1 a). These bird species are common in this area.

Pellets of B. buteo were collected under wooden poles set up along the cattle driveways where
buzzards prefer to roost (Fig. 1 b). The collection of B. lagopus pellets was carried out on elevated
areas and hillocks where the birds prefer to hunt.

Crow pellets were found in feeding grounds of fledglings on the low-flow canal stop-gate and
around it. Adult birds flew with the caught animals to where the nestlings were and fed them. Sever-
al pellets were found under a water tower, a favourite place for butchering caught rodents by adult
birds (Fig. 1c, d).

In total, 129 intact pellets were analysed: 88 of the common buzzard; 23 of the rough-legged
buzzard, 6 of the common and rough-legged buzzards (pellets from both species), and 12 of the
crow (and additionally about 30 destructed pellets).

The age of animals found in the pellets was determined according to the pattern of exposed den-
tin on worn teeth of the upper jaw [Petrovsky 1961; Lobkov 1999].

To compare the craniological characteristics, we used the skulls of dead ground squirrels (n = 5,
sex not determined) found in the field near the village of Yushevichi (Fig. 2). It is impossible to
establish their exact cause of death. However, it should be noted that all of them had visible injuries
on the body (lacerations, etc.), which suggests an influence of predators and fights between ground
squirrels on their elimination.

Under skull pathologies, we understand morpho-anatomical changes that lead to a decrease in
its mechanical strength, disrupt the function of structural elements, can cause pain syndromes, and
facilitate the penetration of pathogenic microorganisms. In the pellets, the skull bones were broken
to some extent, but this does not prevent the identification of structural parts with signs of patho-
physiological processes [Love 2009]. Therefore, various pathology forms and their frequency analy-
sis based on bone remains in the pellets is an effective method in assessing the population viability.
This method is of particular importance in the study of rare species, including the speckled ground
squirrel.

Results and Discussion

Small mammals in the diet of birds

Bones of five small mammal species belonging to two orders (Rodentia and Eulipotyphla) and
five genera were found in the pellets of the common and rough-legged buzzards and raven (Table 1).
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d

Fig. 1. Collecting locality of pellets: field near the village of Yushevichi (a), common buzzard (b) and raven (c, d)
with food objects.

Puc. 1. Micue 360py meerok — moste 6imst ¢. FOuresnui (a), kaurok (D) 1 BopoH (¢, d) 3 KopMOBHMH 00’ €KTaMH.

Fig. 2. Dead individuals of the ground squirrel with varying degrees of injury.

Puc. 2. MepTBi 0COOMHM XOBpaxa 3 pi3HUM CTYIICHEM TPaBMaTH3MY.
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Table 1. The composition and quantitative ratio of food objects of birds

Ta6umums 1. Cxiian i KiIbKiCHE CITiBBIIHOIICHHS XapYOBHX 00’ €KTIiB TaxiB

Species Buteo buteo Buteo lagopus Buteo sp. Corvus corax
(n =88) (n=23) (n=6) (n =12, with crumb)

N % N % N % N %
Microtus arvalis 42 91.30 35 94.59 5 71.43 5 38.46
Apodemus agrarius 3 6.52 1 2.70 1 14.29 - -
Rattus norvegicus - - - - - - 1 7.69
Spermophilus suslicus 1 217 - - 1 14.29 7 53.85
Talpa europaea - - 1 2.70 - - - -

The main food item of the two Buteo species was the common vole (>90% of all prey). Micro-
tus arvalis and A. agrarius are typical meadow—field species. The role of the striped field mouse and
the speckled ground squirrel in the diet of these predators is secondary. It is known that buzzards are
ecologically plastic and prey on dozens of vertebrate species. Certain prey type dominance in the
diet is due to the landscape, hydrological, and phytocoenotic features of the predators’ habitat.

It should be noted that in the territory of Ukraine, the speckled ground squirrel is also part of
the diet of B. buteo (according to Redinov [2012], it is an accidental prey). Our observations suggest
that under the conditions of the study site (a field near the village of Yushevichi), the trophic impact
of these predators on the ground squirrel population may be higher due to their high abundance.

According to preliminary data, the raven exerts a stronger effect on the ground squirrel number
than the Buteo species. This is evidenced by the fact that of the nine speckled ground squirrels found
in all the pellets, seven were found in raven pellets. Considering the discovery of ground squirrel
bones in one crow pellet in March 2021, that is, before the breeding season of these mammals, our
assumption seems to be more reasonable. In addition, we observed crows taking small mammals
from other carnivorous birds including grey herons, harriers, and rough-legged buzzards. However,
the raven, unlike the typical Buteo predators, also picks up rodents that died for various reasons. It is
possible that this circumstance influenced the preliminary data on the trophic impact of these birds
on the local speckled ground squirrel population.

Speckled ground squirrel bones in the pellets

Of the large bone parts in the common and rough-legged buzzard pellets, left lower jaw and
fragments of the skull roof of the speckled ground squirrel were found. In the raven pellets, the low-
er jaws and skull fragments with upper teeth, skull roof parts, forelimb (forearm with a hand) and
pelvic bone (Fig. 3, 3-6, respectively) were found. The complete S. suslicus skull discovery in the
pellets of the named bird species is unlikely due to its significant size (the condylobasal length is
about 4 cm or more). This circumstance does not allow obtaining the majority of craniometric char-
acters but does not interfere with the detection of pathomorphological changes.

Fig. 3. Bones in the pellets: (1, 3) lower
and upper jaws; (2,4) cranial vault
fragments; (5) forelimb; (6) pelvic
bone.

Puc. 3. Kictku B nenerkax: (1, 3) Hux-
Hsl Ta BepxHs mienend; (2, 4) dparmeH-
T ckieninns; (5) mepeaHs KiHiiBKa;
(6) TazoBa kicTKa.
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Fig. 4. Dorsal (a), ventral (b) and lateral (a) views of
the skull (adult): (1) condylobasal length; (2) zygo-
matic width; (3) interorbital width; (4) length of
upper diastema; (5) length of upper cheek teeth.

Puc. 4. Top3anbHa (@) , Benrpansha (b) Ta narepas-
Ha (C) cTtoponu 4epena (gopocia ocobuna): (1) xou-
quiobasanbHa H0BkMHA; (2) BuauyHa IupuHa; (3)
MiKopOiTanbHa IupuHa, (4) [OOBXKHHA BEPXHBOL
miacremu; (5) MOBXKHHA BEPXHBOTO psAY IIIYHHX
3y0iB.

Table 2. Skull measurements of Spermophilus suslicus from the territory of Belarus: min—max (mean)
Ta6mums 2. ITpomipu uepena y ocobun Spermophilus suslicus 3 repuropii Binopyci: min—max (cepense)

Skull measurements Our data Obolensky 1927 Petrovsky 1960 Serzhanin 1961
(n=5) (n=6) (n=142) (n=198)

Condylobasal length 39.2-42.7 (41.0) 39.1-41.5 (40.4) 38.3-44.8 (41.4) 38.5-46.1 ()
Zygomatic width 26.7-27.5 (27.1) 26.0-29.0 (27.0) 25.7-29.9 (27.6) 25.2-30.1 ()
Interorbital width 8.7-9.7(9.2) 7.3-8.3(7.8) 7.6-10.3 (9.1) -
Length of nasal bones 15.0-16.7 (15.7) 15.0-16.3 (15.7) 13.6-18.7 (15.9) -
Length of upper diastema 10.8-11.5(11.2) 9.9-11.5 (10.5) 9.3-12.9 (11.4) 9.8-12.5(-)
Length of upper cheek teeth 8.7-9.2 (9.0) 8.7-9.9 (9.5) 8.5-10.8 (9.5) 8.3-10.2 ()

Skull measurements of speckled ground squirrels that died from unknown causes

We measured the condylobasal length, zygomatic and interorbital width (Fig. 4, 1-3, respective-
ly), length of nasal bones, length of upper diastema and upper cheek teeth (Fig. 4, 4-5). For compar-
ison, the same parameters of the speckled ground squirrel given in published works [Obolensky
1927; Petrovsky 1960; Serzhanin 1961] (Table 2) were used.

The table does not include information on the variation of individual craniometric characters of
the speckled ground squirrel published by Mikholap [1956]: in almost all measurements, they coin-
cide with the results presented by Petrovsky [1960] and Serzhanin [1961].

Craniometric parameters obtained by us largely correspond to those presented by other special-
ists. The upper limit of condylobasal length indicated by Serzhanin [1961] and Mikholap [1956]
requires discussion: 46.1 mm and 48.2 mm, respectively. In a summary based on a study of Europe-
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an collections [Krystufek & Vohralik 2012], the limits of variation of condylobasal length in
S. suslicus are 36.8-44.2 mm. The monograph by Lobkov [1999] presents data on speckled ground
squirrel populations of Odesa Oblast of Ukraine and also does not mention the detection of individu-
als with unusually large skull measurements. Such a condylobasal length (46.1 mm or more) is pos-
sible for individuals of the European ground squirrel (Spermophilus citellus), but this species has not
inhabited Belarus. In further studies, it is necessary to clarify the maximum condylobasal length in
adults currently occurring in the territory of Belarus, which is the periphery of the species range of
the speckled ground squirrel.

It should be noted that males have larger skull measurements, especially condylobasal length
[Petrovsky 1960]. These sex differences are also characteristic of other geographic populations of
the speckled ground squirrel [Lobkov 1999].

The skull measurements of specimens from the territory of Belarus correspond to those in other
publications on ground squirrel craniology [Sinitsa et al. 2019].

Craniological analysis of speckled ground squirrels caught in the territory of present-day Bela-
rus and kept in the collections of zoological museums in Ukraine is of particular interest [Zago-
rodniuk et al. 2021]. For instance, there are 61 ground squirrel skulls from Belarus in the collection
of the National Museum of Natural History, National Academy of Sciences of Ukraine (Kyiv).

Pathologies in the skull and bone fragments from pellets

In the examined material, all bone fragments belong to adults, more than one-year-old individu-
als. The following most striking pathomorphological changes were revealed:

1. Osteoporosis is rarefaction of the bone structure leading to a decrease in its density and me-
chanical strength. In turn, the bone tissue porous structure facilitates the penetration of pathogenic
microorganism. Osteoporosis manifests itself mainly in the dental alveoli of both jaws (Fig. 5). More
than 60% of adults were found to have varying degrees of bone tissue damage. This pathology
should be classified as diffuse osteoporosis. At high magnification (Fig. 5 c), the spongy substance
large-loop pattern is well observed. Osteoporosis is a progressive metabolic bone disease.

2. Osteolysis is bone resorption without replacement by another tissue. It is most clearly mani-
fested in dental alveoli of the lower jaw (Fig. 6) as a bone tissue ‘subsidence.” In some cases
(Fig. 6 b), the pathological process covers a significant part of the bone tissue, almost completely
exposing the teeth roots. It appears in all individuals.

Osteolysis also happens due to a chronic pathophysiological process. Therefore, in young indi-
viduals, it will not have pronounced morpho-anatomical manifestations.

a

Fig. 5. Osteoporosis in the left upper (a) and left lower jaws (b). Magnification over 200x (c).

Puc. 5. Ocreonopo3 y niBiii BepxHiii (@) Ta niBiil HIKHIH wenenax (b). 36inbuienns 6iipie 200x ().



Osteological material and the population state of the speckled ground squirrel (Spermophilus suslicus) ... 107

Fig. 6. Osteolysis of dental alveoli of varying degree exposing teeth roots.

Puc. 6. Ocreouti3 pi3HOTO CTYIIEHS NIPOSIBY B 00JIaCTi KOPEHIB 3y0iB.

Fig. 7. Areas in the parietal (a) and frontal parts (b) of the cranial vault affected by osteomyelitis.

Puc. 7. linstHky B TiM’sIHIN Ta TOOOBUX YaCTKaX CKICTHHS Yepera, 0 3a3HaIH OCTCOMIENITY.

3. Cranial vault areas with initial osteomyelitis. In one out of five skulls, in the parietal and
frontal parts, 0.5-0.7 cm long areas with multiple small, rounded depressions were revealed (Fig. 7).
In the same skull, a significant part of the facial and cranial sections was thinned (‘translucent’
bones).

This form of pathology was previously studied by us on a large sample of the northern white-
breasted hedgehog from Belarus [Savarin 2015]. Subsequently, the skull areas affected by pathogen-
ic microorganisms expand, forming deep and irregularly shaped recesses with separating fragments.

The revealed pathologies (osteoporosis and osteolysis) were registered in other small mammals
as well by different specialists. However, their frequency in review papers, as a rule, is not given
[e.g. Jentzsch et al. 2020], which is due to the lack of a common point of view among theriologists
on the distinction between anomalies and pathologies. In adults and old specimens of the northern
white-breasted hedgehog from Belarus, osteolysis is observed in almost 100% of cases, and in more
than 80% of muskrats [Savarin 2015].

Other, presumably pathological, changes were also found in the skulls and require a deeper
study on a larger sample.

Conclusions

The analysis of pellets and the observation of feeding behaviour of three bird species have re-
vealed that the speckled ground squirrel is a regular part of the diet of both diurnal birds of prey
(genus Buteo) and atypical predators with a mixed diet (raven). Most of the rodent bone fragments
were found in raven pellets. We suggest that this fact does not yet prove a more significant raven
impact on the local ground squirrel population.

In the examined material, osteoporosis was detected in 60%, and osteolysis in 100% of cases.
Initial osteomyelitis was found in one out of five skulls. The small sample does not allow estimating
the actual frequency of certain pathologies in the local speckled ground squirrel population. Howev-
er, it can be argued that they are caused by a complex of factors, including metabolic disorders (os-
teoporosis) and infection by pathogenic microorganisms (osteolysis).
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The speckled ground squirrel colony preservation in a relatively small, isolated area near the
village of Yushevichi, Nesvizh Raion, currently seems to be problematic. The habitats of this spe-
cies, which is listed in the Red Data Book of Belarus (2015), should be protected.

We suggest that the conservation status of the speckled ground squirrel should be upgraded to at
least Category Il (according to the system of categories adopted in Belarus) for the following rea-
sons: 1) over the past six years, only 4 of the 12 colonies have survived, of which 2 are practically
unviable; 2) stable for 10 years reduction in abundance; and 3) fragmented distribution (single locali-

ties). According to the IUCN classification, it corresponds to category CR (critically endangered).
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