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PHYTOCOENOTIC PORTRAIT OF THE EUROPEAN BADGER
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Abstract. The European badger takes part in creating intracenotic and intercenotic flows of plant diaspores.
This is evidenced by the fact that its diet includes plant species belonging to different communities, i.e. forest,
meadow, marsh and water communities. Badgers move plant diaspores in three different ways: endozoochory,
epizoochory, and synzoochory. Therefore seeds of the maximum number of plant species with various
adaptations for zoochory are involved in diaspore flows. It has been proved that badgers can move large amount
of diaspores over a distance of one kilometer, and in smaller amounts — up to two or three kilometers. Because of
the badgers' foraging and construction activities, the species diversity of vascular plants in their settlements has
increased by one and half times. Thanks to badgers, the plant species composition of the community becomes
mixed. Plant species of the meadow, black alder, boreal and piny ecological-coenotic groups co-dominate in the
ground cover of nemoral forests. Badgers searching for food disturb the soil cover and create a mosaic of the
ground vegetation cover throughout the family's habitat which amounts to several hundred hectares. This
heterogeneity includes three types of microcommunities: 1) with a predominance of vegetatively immobile annual
and biennial plants of the ruderal group (Alliaria petiolata, Geranium robertianum, Lactuca serriola, Moehringia
trinervia, Polygonum convolvulus, etc.); 2) with a predominance of vegetatively mobile perennials of the ruderal
group (Galium odoratum, Glechoma hederacea and Stellaria holostea), and with a significant participation of phyto-
cenotically tolerant plants (Asarum europaeum, Polygonatum multiflorum, Pulmonaria obscura, Viola mirabilis, etc.);
3) with a predominance of the vegetatively mobile perennials of the competition group (Aegopodium podagraria,
Carex pilosa, and Convallaria majalis). This sequence of microcommunities is a microsucession. Competitive species
are the driving force of group development as they gradually crowd out ruderal and tolerant plant species.
Competitive species can become a dominant in the ground vegetation cover for a long time. However, the badg-
ers' use of the community territory according to the "shift" system occasionally interrupts these unidirectional
microsuccesions. The disturbances created by badgers and cyclical microsuccesions maintain the multispecies
composition in the herbaceous cover of forest communities. These facts indicate that earlier the badger was an
edificator (key species) in the ground vegetation of undisturbed biocenotic cover. Recently, however, due to
overhunting and relentless poachers' attacks, the badger has become a rare endangered species. This animal is
not an active environment-transforming part of the community anymore and it as good as stopped active moving
of plant diaspores, which is needed for coenotic restoration.
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AHHOTaumA. bapcyK y4acTByeT B CO34aHUM BHYTPULLEHOTUHECKMX U MEXLEHOTUYECKMX NMOTOKOB AMacnop pac-
TeHuit. O6 3TOM CBMUAETE/IbCTBYET NPUCYTCTBME B €ro paLMoHe BUAOB, MPUHAANEXKALLMX K Pa3HbIM coobLLecTBam:
/I€CHBIM, /IyrOBbIM, 60/10THBIM M BOAHbIM. BapcyK nepemellaeT guacnopbl pacTeHuii Tpema cnocobamu: 3HA0300-
XOPHbIM, 3MMU300XOPHbIM U CUH30OXOPHBbIM. Baarogapsa 3TOMy B MOTOKM AMAcCMoOp BOB/EKAOTCA CEMeHa MaKc-
Ma/IbHOIO YMC/A1Aa BUAOB PacTeHU C pa3HOO6pasHbIMK MPUCMOCOB/1EHNAMM K 300XOPUM. MTOKazaHo, YTo Bapcyk mo-
XeT nepemeLlaTtb AMACMOPbl B MAaCCOBOM KO/IMHECTBE Ha PAcCTOAHME 40 OA4HOrO KM/IOMETPa, @ B YMEPEHHOM — A0
ABYX-Tpex. Tpopuyeckana u CTpouTe/IbHaA AeATe/bHOCTb HapcyKa yBe/nynBaeT BMAOBOE pasHoobpasue cocyau-
CTbIX pacTeHWI Ha Noce/NeHUAX B NO/ATOPa pasa. BaarogapaA aTomy MBOTHOMY ¢/10pa B coobLLLeCTBE CTAaHOBUTCA
CMeLUaHHOM. B TpaBAHOM NMOKPOBE HEMOPa/IbHbIX /1I6COB HAa4YMHAIOT COAOMMHMPOBATL /IyrOBble, HEPHOO/IbXOBbIE,
6opeanbHble U 60poBble BUABI. 3aHMMAACh NOMCKaMKU NULLKM, BAapCYK HapyLLIaeT NMOYBEHHbIN C/10M 1 CcO3aaeT Mo3aun-
Ky TPaBAHOrO MOKPOBa Ha BCEM MPOCTPAHCTBE OOUTaHUA CEMbM, KOTOPOE COCTaB/IAET HECKO/IbKO COTEH rekTap.
3JTa reTeporeHHOCTb COCTOWT MX TPEeX BAapMaHTOB MMKPOrpPYMNUPOBOK: 1) C Npeob/sasaHMeM BereTaTUBHO Hero-
ABVXKHBIX OA4HO/IETHUKOB U Ma/s0/1eTHUKOB peakTusHoi rpynnbl (Alliaria petiolata, Geranium robertianum, Lactuca
serriola, Moehringia trinervia, Polygonum convolvulus v ap.); 2) C AOMUHUPOBAHWEM BEreTaTUBHO MOABUMKHBIX MHO-
rON€THUKOB peakTuBHol rpynnbl (Galium odoratum, Glechoma hederacea v Stellaria holostea), a Takxke co 3Hauwu-
Te/IbHbIM y4yacTMeM QUTOLLEHOTUYECKU TO/NEPaHTHbIX pacTeHuit (Asarum europdeum, Polygonatum multiflorum,
Pulmonaria obscura, Viola mirabilis v gp.); 3) C rOCNOACTBOM BEreTaTUBHO MOABUMKHBIX MHOrO/IETHUKOB KOHKYPEHT-
HoWt rpynnbl (Aegopodium podagraria, Carex pilosa v Convallaria majalis). 3Ta nocnreaoBaTe/ILHOCTE MUKPOrPyNNy-
POBOK npegacTaBasaeT cob0i MUKPOCYKLLECCUIO. [BUKYLLLEN CUI0M Pa3sBUTUA MPYNMUPOBOK BbICTYNAKOT KOHKYPEHT-
Hble BMAbl. OHWM MOCTENEeHHO BbLITECHAIOT PeaKTUBHble U TO/epaHTHble pacTeHuA. KOHKypeHTHble BuAbl MOryT
Ha40/ro cTaTb 4OMUHAHTAMM TPABAHOro Nokposa. OgHaKo UCno/b3oBaHWe H6apcykamu TeppuUTopun cooblecTsa
Mo «MNepe/ioXKHOM» CUCTeMe MepUOAMHECKM MNpepbiBaeT 3TUM OAHOHAMpaB/eHHblE MUKpOCyKueccuu. braropapsa
HapyLleHWAM, KOTOpble CO34atoT BaPCYKU, U UMKANYECKMM MUKPOCYKLLECCUAM MOAAEPKMBAETCA MHOMOBU/A0BOM
COCTaB B TPaBAHOM MOKPOBE /IeCHbIX coobLecTB. MpuBeseHHble GaKTbl CBUAETE/NIbCTBYIOT O TOM, YTO 6apCyK B He-
HapyLUeHHOM BMOLEHOTUHECKOM MOKPOBE Bbi1 34UPUKaTOPOM (K/ItO4YEBbIM BUAOM) B Apyce Tpas. OgHAaKo B mno-
c/legHee BpeMA U3-3a NepenpomMbic/ia U YNOPHOro npec/eoBaHna bpakoHbepamu bapcyk npeBpaTu/cA B pedKoe
ncyesaroLee }KMBOTHOE. 3TOT 3Bepb rnepectas ObITb aKTUBHbIM CpeonpeobpasoBaTesiemM B COObLLECTBE U NMPAKTH-
YeCKM MO/IHOCTbIO MPEKpPaTW/l NepemeLlaTb AUMacnopbl pacTeHWl, KOTOpble HEOBX0AMMbI A/17 BOCCTAHOB/IEHUA Lie-
HO30B.

KntoueBble cioBa: H6apcyk eBponelickuii, Meles meles, 300xopus, BUAOBOE pasHoobOpasne coobLuLecTs, cpeso-
npeobpasoBaHMe, MO3aUYHOCTb TPABAHOIO NMOKPOBA, MUKPOTPYMMMPOBKA, MMKPOCYKL,ECCUSA, XBOMHO-LLUMPOKO/IUCT-
BE€HHbIN /1ecC.

Introduction The purpose of this paper is to analyse the role

of the badger in the formation and maintenance of

Understanding the mechanisms of biological structural and species diversity of the vegetation

diversity maintenance in nature is the basis for de- cover.
veloping methods of rational nature management.
Climax (undisturbed) biogeocoenoses of pre-
agricultural times differing in their maximum spe-
cies diversity are highly suited for revealing these
mechanisms. However, centuries of human activity
have eliminated undisturbed coenoses within the
territory of Europe [1, 2]. This makes the recon-
struction of the climax structure of individual
communities and the entire biogeocenotic cover an
important ecological task. Revealing the mecha-
nisms of biological diversity maintenance associat-
ed with the vital activity of populations of the re-
maining edificators [3, 4] is one of the possible

Study objects, area and methods

Object of research. The article focuses on the
European badger (Fig. 1) and its effect on vegeta-
tion. The research was carried out in the Bryanskii
Les reserve and the surrounding area. There are
13 known used and abandoned settlements' of this
animal [6]. The badger is on the list of endangered
species of Bryansk oblast [5]. Although it is a forest
predator, it can also be found in non-forest areas.
It is omnivorous and feeds on both animals and
plants [7].

ways of such reconstruction. One of the edificators
in the forest zone of Central Russia is the European
badger (Meles meles Linnaeus, 1758), which has
recently become extremely rare due to overhunting
and poaching [5].

! Following in the footsteps of Yu. S. Lobachev [8],
we understand settlement as a sett or a group of setts
that are occupied by a lone badger or a badger family.
Synonyms of this concept are "town" [9], "badger sett"
[10], "colony" [11] or "den" [12]. Large settlements are
sometimes called "fortresses" [13].
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Fig. 1. Object of study, the European Badger (Meles meles Linnaeus, 1758).
Image by Aleksey Subbotin [14]. The drawing was made with a lead pencil

Study area. The research was mainly carried
out in the south-east of Bryansk oblast in the
Nerusso-Desnyanskoye Polesie. According to the
phytogeographical division, this physiographical
region is a northern broad-leaved forest with a
small participation of spruce trees, belonging to the
Polesie sub-province of the Eastern European
province of the European broad-leaved forest re-
gion [15]. Additionally, edificatory properties of
the badger were studied on the territory of the
Markovskiye Gory and Pechnoye natural monu-
ments. The first monument is located within the
Pogarskoye high plains and the second one in the
Komarichsko-Sevsky  physiographical region.
A phytogeographical description of these monu-
ments has been provided earlier [16]. All research
sites are part of the Central Russian region of the
province of mixed forests of the boreal-forest sub-
district of the Palearctic region [17] in terms of zo-
ogeography.

Vol. 5 (1), 2020
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Methods of research. Two groups of geobotan-
ical descriptions were made at badger settlements.
In the first group, rectangular plots of 100 m” each
were established at each settlement. At the same
time, a control plot was established outside the set-
tlement, where the impact of the badger was mini-
mal. In both cases, three layers of the forest were
characterised, i.e. the forest stand, undergrowth
and underbrush, as well as herbaceous cover. Nine
descriptions were made for settlements and control
sites. Establishment of the plots for the second
group of descriptions was preceded by a prelimi-
nary typing of the mosaic pattern of the herbaceous
cover surrounding the settlements, according to the
degree of disturbance by badgers. Three mosaic
pattern types were identified. The first type includ-
ed sites with 90 to 100 % disturbance of the herba-
ceous cover, the second had sites with 40 to 90 %
disturbance, and the third site had 1 to 40 %.
We generated a disturbance gradation-based map

Evstigneev O. 1., Solonina O. V.
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of the herbaceous cover around badger settlements
via GPS and Maplnfo. Each type of the herbaceous
cover mosaic involved establishing rectangular ar-
eas of 1 m”. In total, 56 descriptions were complet-
ed: 14 in the first site type and 21 both in the sec-
ond and third types. The Braun-Blanquet scale was
used to evaluate the participation of species in all
groups of geobotanical descriptions [18]. The oc-
currence of species in the community was ex-
pressed in points with equal classes: class I corre-
sponds to occurrence from 1 to 20 %, class II to
occurrence from 21 to 40 %, class III to 41 to
60 %, class IV to 61 to 80 %, and class V to 81 to
100 %. Species names are given according to Ma-
yevsky [19].

Geobotanical descriptions were used to assess
the diversity of communities, i.e. species richness
of vascular plants, species density, distribution of
species by ecological-coenotic groups and types of
plant strategies. Species richness is the number of
species in a single community type and defined as
the total number of species on all sites belonging to
one type of coenosis. Species density is the arith-
metic mean of species on fixed-size plots obtained
from all descriptions of a single community type
[20]. Following in the footsteps of Nitsenko [21],
we understand ecological-coenotic groups (ECGs)
as large groups of ecologically related species,
which in their genesis are associated with different
types of communities. We used the classification
of species by ECGs, which was developed for the
European part of Russia [22] and is available on
the website of the Institute of Mathematical Prob-
lems of Biology of the Russian Academy of Sci-
ences (http://www.impb.ru/index.php?id=div/lce/
ecg). We understand the type of plant strategies as
the potential ability of a species to dominate or oc-
cupy a subordinate position in the community
which had developed as a result of long-term evo-
lution in pre-agricultural climax cenoses [23].
To assign species to a particular type of plant strat-
egies, we used the classification developed by
Smirnova [24]. In this paper, the ratio of the num-
ber of species by ECGs and plant strategies types
was determined based on the list of all species
found in one variant of the community.

Results and discussion
Omnivory is a feature of badgers and signifi-

cant for vegetation cover in two aspects. First, eat-
ing plant diaspores®, badgers spread the parts that

? Diaspore (disseminule) is a part of the plant that
provides propagation, reproduction and dispersal of the
species [25, 26]. Diaspores can be represented by seeds,
fruits, infructescences, vegetative disseminules and oth-
er parts of the plant [27, 28].

Vol. 5 (1), 2020

are necessary for the successional development of
communities. Second, foraging for small animals
and underground parts of plants, the badger digs
the upper soil layer and creates a mosaic structure
of the herbaceous cover, which has to be formed
constantly to maintain species diversity of cenoses.

Badgers and the composition of plant feed

Data on the species composition of plants that
the badger feeds on are important for studying suc-
cessions in the vegetation cover. This is because,
together with the plants, the badger swallows their
diaspores and transfers them to a certain distance.
At the same time, finding out the composition of
plant food allows us to identify badger habitats
with the optimal combination of communities.

Literature analysis has shown that the badger's
diet contains more than 70 species of vascular
plants of natural flora (Table 1). The majority —
60 % — belongs to forest species. It is for a reason
that zoologist Jurgenson emphasises the forest fea-
tures of a badger: smell, hearing and touch are its
best developed senses; like many forest predators,
it is short-sighted but sees perfectly at a short dis-
tance [29]. Detailed analysis of the feed has re-
vealed that forest plants included both nemoral and
boreal species. Examples of nemoral plants are
Cerasus avium, Convallaria majalis, Cornus san-
guinea, Euonymus europaea, Malus sylvestris, Vi-
burnum opulus, Padus avium, Pyrus communis,
Sambucus nigra, among others. Examples of bore-
al plants are Frangula alnus, Rubus idaeus, R. nes-
sensis, R. saxatilis, Sorbus aucuparia, Vaccinium
myrtillus, V. vitis-idaea, among others. This indi-
cates that a badger originally inhabits mixed conif-
erous-broad-leaved forests. According to modern
geobotanical concepts, pure coniferous and broad-
leaved forests have evolved from mixed conifer-
ous-broad-leaved communities as a result of hu-
man activity [1, 30]. It should be emphasised that
there is a significant proportion of meadow species
in the feed, i.e. 26 %. There are also black alder,
sphagnum and water-accompanying plants, with a
total participation of 14 % (see Table 1). This
means that important badger habitats, apart form
coniferous-broad-leaved forests, include dry and
wet meadows and clearings, lowland and upland
swamps, as well as water communities. No wonder
zoologists outline that the optimal badger biotope
is a mosaic vegetation cover where forests of dif-
ferent types alternate with meadows, clearings,
forest edges, swamps and floodplains of streams
[7, 31]. Meadows and clearings in forests are cur-
rently created and maintained by humans, whereas
in pre-agricultural times, they were formed under
the influence of foraging and migration of large
gregarious ungulates that largely inhabited conif-
erous-broad-leaved forests [1].
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Table 1

Plant species composition in the European Badger's diet in the forests of Eastern Europe

Ecologico-cenotic

Plant species or genus

groups

Acer platanoides L., Acer pseudoplatanus L., Allium ursinum L., Betula pendula Roth, Carex
—_ pilosa Scop., Carpinus betulus L., Cerasus avium (L.) Moench, Convallaria majalis L., Cornus
5 sanguinea L., Corydalis solida (L.) Clairv., Corylus avellana L., Dentaria quinquefolia Bieb.,
§ Euonymus europaea L., E. verrucosa L., Fagus sylvatica L., Festuca sp., Fraxinus excelsior L.,
§ g Gagea lutea (L.) Ker-Grawl., Galathus nivalis L., Lilium martagon L., Luzula sylvatica (Huds.)
= (5) Gaudin, Malus sylvestris L., Mercurialis perennis L., Padus avium Mill., Populus tremula L.,
8 z Pyrus communis L., Quercus robur L., Sambucus nigra L., Taxus baccata L., Tilia sp., and

2 Viburnum opulus L.
Y~ Cornus alba L., Frangula alnus Mill., Juniperus communis L., Picea abies (L.) Karst., Pinus
ST sibirica Du Tour, P. sylvestris L., Rubus idaeus L., R. nessensis W. Hall, R. saxatilis L., Sorbus

g E’ aucuparia L., Vaccinium myrtillus L., and V. vitis-idaea L.
a,

Black alder, Alnus glutinosa (L.) Gaertn, Lemna minor L. s.l, L. trisulca L., Oxycoccus palustris Pers.,
sphagnum, water | Phragmites australis (Cav.) Trin. ex Steud., Potamagrton sp., Ribes sp., Salix sp., Typha sp.,

(10) and Urtica dioica L.

Meadow, forest-

Allim sp., Capsella bursa-pastoris (L.) Medik., Cerasus fruticosa Pall., Cirsium sp., Crataegus
sp., Crocus heuffelianum Herb., Equisetum sp., Fragaria vesca L., F. viridis (Duch.) Weston,

edge (19) Hedysarum sp., Lamium album L., Potentilla anserina L., Prunus spinosa L., Ranunculus sp.,
Rhamnus cathartica L., Rubus caesius L., Rosa canina L., Trifolium sp., and Tulipa sp.
Amelanchier sp., Armeniaca vulgaris Willd., Avena sativa L. s. 1., Beta vulgaris L., Castanea
sativa Mill.,, Cerasus vulgaris Mill., Citrullus lanatus (Thunb.) Matsum. et Nakai, Cucumis

Cultural, sativus L., C. melo L., Cucurbita pepo L., Daucus sativus (Hoffm.) Roehl., Fagopyrum

adventitious (28)

esculentum Moench, Helianthus annuus L., Hordeum sp., Juglas regia L., Malus domestica
Borkh., Medicago sativa L., Onobrychis viciifolia Scop., Panicum miliaceum L., Prunus
cerasifera Ehrh., P. domestica L., Secale cereal L., Solanum lycopersicum L., S. tuberosum L.,
Spirea sp., Triticum sp., Vitis vinifera L., and Zea mays L.

Source of information: [7, 8, 32-52]

Note. The number of plant species is shown in parentheses

Plant feed composition analysis shows that the
badger is involved in creating both intracoenotic
and intercoenotic flows of diaspores. This is evi-
denced by its diet, which includes plants of com-
munities of different types, i.e. forest, meadow,
swamp and water (see Table 1). Intracoenotic
flows of diaspores mean their migration within a
single community, e.g. within the coniferous-
deciduous forest. These flows are needed to pre-
serve plant populations within the community,
maintain species diversity of the coenosis and to
provide intracoenotic seed successions. Intercoeno-
tic flows of the diaspores mean the migration of
disseminules between communities. These flows
are necessary for changing coenoses belonging to
different types. Examples of such changes are:
1) overgrowing of meadows with forest; 2) re-
placement of a pine forest with a coniferous-broad-
leaved forest; 3) conversion of shadow deciduous
forests with nemoral composition of the herba-
ceous cover under the influence of mowing, graz-
ing and activities of large wild animals (including
badgers) in a bright parkland with a large participa-
tion of meadow species and other ecological-
coenotic groups of plants.

Badgers and zoochory

Understanding the development of forest com-
munities involves information about the nature of
the movement of plant diaspores by different ani-
mal species. Literature analysis has shown that
badgers involve plant seeds in diaspore flows in
different ways: through endozoochory, epizoocho-
ry and synzoochory.

Endozoochory means the dispersal of diaspores
that had passed through the digestive tract of ani-
mals and were then ejected with regurgitates or
droppings [27, 28, 53]. Succulent fruits of Cerasus
avium, C. fruticosa, Fragaria vesca, F. viridis,
Malus sylvestris, Prunus spinosa, Pyrus communis,
Rubus caesius, R. idaeus, R. saxatilis, Vaccinium
myrtillus and other species serve as fattening feed
for badgers [34, 45]. The pattern of endozoocho-
rous movement of seeds depends on the season.
For example, in early summer, there are numerous
cherry seeds [34, 37], while in the middle summer,
seeds of raspberries, stone brambles, bilberries and
strawberries are abundant [42, 47, 54]. In late
summer, seeds of European blackberries, apples
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and pears are numerous [34, 44], while in autumn,
cowberry and cranberry seeds are often found in
the badgers' latrine pits [44, 50]. The actual partic-
ipation of badgers in the distribution of plant dia-
spores can be evaluated by the following figures.
In one pile of badger faeces, zoologists found
2.3 thousand bilberry seeds [51], while in another
one, they counted 5.0 thousand strawberry nuts
[55]. When feeding on green plant parts, at the
same time, badgers eat a lot of dry fruits and seeds.
Plant diaspores can participate in community for-
mation only if they remain alive after passing
through the animal's digestive tract. Obraztsov [56]
showed that the viability of pear seeds that passed
through the badger's digestive system was 60 %,
while that of apple seeds was 83 % and that of
blackthorn seeds 100 %. These numbers are com-
parable to the viability of seeds that have passed
through the digestive tract of other predators such
as bears, wolves or foxes. Besides, zoologists note
that badgers often leave droppings in holes specifi-
cally dug or in pits made earlier when foraging for
invertebrates. These latrine pits are usually buried
by the animals after they are filled [8, 49]. This
defecation behaviour undoubtedly contributes to
better seed germination since the soil is fertilised
and the diaspores are protected from drying out.

Epizoochory means the dispersal of diaspores
that cling or stick to an animal's body [27, 28, 53].
In this case, animals only passively transfer the
seeds on their bodies, not benefiting from it. Plants
with specific adaptations of diaspores to epizo-
ochory, found at the settlements, include, for exam-
ple, Arctium lappa [44], Geum urbanum, Leonurus
quinquelobatus, Cirsium sp. (see Table 1), Carduus
sp., Galeopsis ladanum and G. tetrahit [57]. Wood
avens use modified clingy stilodia of nuts, whereas
motherwort and hemp nettle species use the awl-
shaped teeth of the flower cup; burdock, thistle and
bristlethistle use a prickly and clingy web-like in-
volucre. Part of the seeds, especially small ones, is
transferred with the damp soil stuck to fur and
paws. An important feature in the badger's behav-
iour in terms of epizoochory is the cleaning of fur
and the removal of adhered seeds and dirt. The an-
imal grooms its fur every day, usually on a site at
the sett. Observations have shown that one groom-
ing session can last up to 40 minutes. Sometimes,
another badger joins in, helping to groom the areas
which are difficult to reach [50].

Synzoochory means the dispersal of diaspores
associated with their transfer by animals for further
storing them away in "larders" or eating in nests or
on feeding sites [27, 28, 53]. Badgers do not store
food in the classical sense. However, they harvest
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grass to line the nest chamber and make grass plugs
to block the sett during hibernation. When collecting
grass, the badger rolls it in balls 20-35 ¢cm in diame-
ter, which are then moved to the sett and left to dry
in the sun for several days near the entrance [49,
58]. Some seeds and other diaspores fall out of the
dry bundle and, falling on the soil thrown out of
the setts, sprout. Zoologists found Pteridium aqui-
linum, Mercurialis perennis, Scilla sp. in the bun-
dle, as well as species of the Poaceae family [57].
The same authors suggest that this could be the
way Carduus sp., Rumex sp., Lamium purpureum,
Galeopsis ladanum, and Melandrium dioicum ap-
peared in the settlements. In this case, plants do not
have to be particularly adapted for zoochory.
Badgers often collect material for a bundle at a dis-
tance of 10-30 m from the den, sometimes in a ra-
dius of 50 m. There was a case when animals made
bundles at a distance of 230 m from the sett and
even picked the straw that was lying in a field,
300 m away from the settlement, to use it for bed-
ding [47, 49]. The nest bedding can weigh up to
S5kgl7,9,58].

By moving seeds around in different ways, the
badger can involve the maximum number of plant
species with all possible adaptations for zoochory
and even without them (for example, by making
bundles of grass with seeds) into the flows of dia-
spores. This is evidence of the fact that the badger
is an active participant in successions in the vege-
tation cover.

Badgers and the distance
of plant diaspore distribution

The study of successions and forecasts regarding
forest community development requires information
about the distance that different agents, including
badgers, move plant diaspores to [1, 59, 60].
The range of movement of plant diaspores can be
estimated through the size (radius) of animal habi-
tats [61, 62]. Within a family area of a badger habi-
tat, zoologists distinguish two areas [11, 33, 63].

The first one is the area with the largest number
of traces of the animal's vital activity. This zone
seems to be similar in size to the daily home range
of one animal [64]. It is quite possible that within
this zone, badgers move the largest number of
plant diaspores because the majority of food, in-
cluding the seeds, passes through the digestive
tract of predators, including badgers, in the first
day [56, 65, 66]. It can be assumed that the dis-
tance of mass dispersal of plant diaspores by this
animal will correspond to the radius of the daily
home range, which is 1.0-1.5 km (Table 2).
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Table 2
Radius of the European badger family area
Radius of the family area where the | Range of the radius of the family area where a
greatest number of traces of badger's relatively small number of traces of badger's Source of information
vital activity was found, m vital activity was found, m
500-1,500 1,500-3,000 [37]
900-1,100 1,100-3,000 [49]
750-960 960-2,300 [64]
520-710 710-1,020 [67]
500-700 700-2,000 [63]
300-700 700-1,500 [68]
250-500 500-3,000 [33]

The second area is the entire family plot, which
is used by the animals from the moment they leave
the sett after hibernation until the next hibernation.
It can be expected that within the family area, only
a moderate number of plant diaspores is moved,
mainly because a relatively small part of seeds can
happen to be outside the daily plot if the seeds stay
in an animal's digestive tract for several days.
Food, including plant disseminules, especially
small ones, can remain in a badger's digestive sys-
tem for up to 5 days [65]. In this case, the distance
of diaspore movement gets close to the radius of
the entire badger family plot, which is 2-3 km
(see Table 2). Direct observations confirm these
assumptions: badger excrements containing oats
were found in a settlement that was located 3.5 km
from the nearest oat field [47]; the remains of my-
robalan plum (Prunus cerasifera), which the ani-
mal had gathered in a garden located at a distance
of over 1 kilometre, were found in a sett [39].

The distance of plant diaspore movement by
badgers is comparable to that of large mammals
such as bear, roe deer, elk and bison [61]. While
animals with relatively small areas of habitat (for
example, common squirrel, yellow-necked mouse
or jay) create mainly intracoenotic flows of dia-
spores, mammals with large plots, including badg-
ers, create mainly intercoenotic flows of diaspores,
which are necessary for the formation of the mixed
flora of communities and for successional trans-
formations of coenoses [62, 69].

Badgers and species diversity of communities

When looking at the locations of badger setts in
the Bryanskii Les reserve and its surroundings, we
revealed that settlements are currently located in
communities with the predominance of nemoral
species’. These cenoses are represented by broad-
leaved and coniferous-broad-leaved forests as well
as aspen forests. Quercus robur, Fraxinus excelsi-

3 It is believed that the nemoral floristic complex
unites the species whose range and history are related to
European broad-leaved forests [70].

or, Acer platanoides, Tilia cordata and Populus
tremula form the main tree stand in badger habi-
tats. Apart from the tree layer species, the under-
growth also includes Ulmus glabra, Malus syl-
vestris and Cornus sanguinea, Corylus avellana,
Euonymus europaea and E. verrucosa shrubs.
The herbaceous cover is dominated by Aegopodi-
um podagraria, Carex pilosa, Convallaria majalis,
Mercurialis perennis, Glechoma hederacea, Lami-
um maculatum and Stellaria holostea. There is also
an admixture of Asarum europaeum, Galeobdolon
luteum, Lathyrus niger, Pulmonaria obscura, Viola
mirabilis, among others. Nemoral forests are usually
found in sandy areas that include loamy material.
Within these areas, badgers choose wooded ridges
with slopes suitable for digging setts. Zoologists
have proven that in inhabited setts, the sleeping
chamber (den, nest), for sleeping and cub delivery,
is mainly built in the sand under loam arches.
Loam reinforces the sett and forms a waterproof
ceiling above the living chamber, whereas sand,
which is easy to dig in, has poor thermal conduc-
tivity and provides favourable temperature and
good drainage if water enters the sett [9].

It is well known that the badger prefers lived-in
setts. Formozov [71] emphasises that "this animal
always sticks to the places it once chose". Likha-
chev [9] explains that such site fidelity is caused
by the rarity of the places where permanently in-
habited setts can be dug. If a badger has found
suitable housing conditions, it leaves its home only
after persistent persecution by poachers and always
seeks to return to its old shelter. Permanent setts
that are used for hibernation and for cub delivery
and rearing have been existing for hundreds or
even thousands of years [72]. As a result, badger
setts gradually turn into large sett complexes and
then into even larger settlements with a significant
area reach. For example, in the Oka reserve, a sett
occupying 2,500 m* was found [73], while in Bry-
ansk oblast, a sett of 3,800 m” was found [74].
In England, a settlement of 17,500 m? was found
[75]. The researchers found 31 entrance holes in
the first case, 17 in the second and 178 in the third.

Evstigneev O. 1., Solonina O. V.

Page 7 from 26



' RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

With such a long-term use of the territory, the
vegetation cover of settlements (accumulative ef-
fect) gradually changes: the structure of the stand,
undergrowth and underbrush is changing, and the
species composition of the herbaceous cover is
transformed. On old badger settlements, the clo-
sure of the forest stand is reduced to 20 % or less.
This is because adult trees gradually fall and are
not replaced by young ones. Singular undergrowth
plants preserved in the settlements show low vitali-
ty since the bark is stripped off the stems or dam-
aged by badgers, which eat the sweet sap and the
nutritious phloem [57]. For this reason, the bark of

RS
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Fig. 2. Traces of life activity of the European badger on the stems of woody plants. On the left is the bark of the
sycamore maple (Acer pseudoplatanus) peeled in early spring for the extraction of sweet juice. On the right is the
peeled bark of elderberry (Sambucus sp.) with many deep scratches from the badger's claws [52, 76]

This impact has resulted in the gradual thinning
of the tree stand, the disappearing of the under-
growth and the increase of herbaceous cover illu-
mination in comparison with the surrounding for-
est. This contributes to the introduction of light-
demanding plants into previously dark nemoral
forests. Their diaspores are constantly brought in
by badgers, and badger activity significantly in-
creases species density and species richness of
vascular plants in the settlements as compared to
the settlement surroundings (Table 3). Diversity
indicators increase mainly due to meadow species
brought here from open sunny places, i.e. forest
edges, clearings and meadows. Meadow plants in-
clude Achillea millefolium, Anthriscus sylvestris,
Carex echinata, Chelidonium majus, Chenopodium
album, Clinopodium vulgare, Erigeron annuus,
E. canadensis, Equisetum pretense, Fragaria ves-
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woody plants is frequently found in badger excre-
ments [44, 52]. The trunks of shrubs and under-
growth of trees often have numerous deep scratch-
es left by the badger sharpening its claws (Fig. 2).
At the same time, this animal prevents trees and
shrubs from taking root by eating their fallen fruits
and sprouted seedlings [33, 34, 52, 58]. Therefore,
no sprouts of common hazel, wartybark euonymus
or witch elm were found in badger settlements, alt-
hough there were fruit-bearing plants of these spe-
cies nearby; the number of seedlings of Norway
maple and common ash was a quarter lower than it
was outside the settlement.

SoeE:

Sl i ¢
-y ' \ (LR i

ca, Galium mollugo, G. physocarpum, Hypericum
perforatum, Lactuca serriola, Leonurus quinque-
lobatus, Polygonum convolvulus, Prunella vulgar-
is, Rorippa sylvestris, Solidago virgaurea, Taraxa-
cum officinale, Veronica chamaedrys, Viola
canina, among others. Black-alder-associated spe-
cies, which are not typical of nemoral forests, i.e.
Athyrium filix-femina, Ribes nigrum, Solanum dul-
camara and Urtica dioica, appear in the herba-
ceous cover of sett complexes. At the same time,
the species composition of the nemoral group is
significantly expanded in badger settlements in
comparison with the control group. Actaea spicata,
Ajuga reptans, Cystopteris fragilis, Festuca gigan-
tean, Geranium robertianum, Lamium maculatum,
Lathyrus niger, Moehringia trinervia, Scrophular-
ia nodosa and Viburnum opulus can be found here.
The participation of light-loving piny plants and

Evstigneev O. 1., Solonina O. V.
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some shade-tolerant boreal species is increasing in
the community. Piny species include Pteridium
aquilinum and Rubus idaeus, whereas boreal ones
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include Luzula pilosa, Maianthemum bifolium and
Rubus saxatilis.

Table 3
Number of vascular plant species in the herbaceous layer in badger settlements and in the control
Settlement number Nature of the settlement Number of species
Settlement Control
1 Inhabited 42 31
2 Inhabited 41 23
3 Inhabited 37 20
4 Inhabited 33 17
5 Inhabited 33 14
6 Uninhabited 25 15
7 Uninhabited 25 15
8 Uninhabited 21 20
9 Uninhabited 21 16
Species density, M £ my, 30.9+£2.73 19.0 £ 1.80
Mann-Whitney test, value, U 6.0 (p = 0.0026)
Species richness 79 | 53

Note. M is the arithmetic mean, m,, is the arithmetic mean error, p is the significance value of differences in species
density; significant differences are shown in bold. Species density is the average number of species on nine plots of
100 m”. Species richness is the total number of species on all nine plots of 100 m”,

Geobotanical surveys of settlements have shown
that foraging and construction activities of badgers
change the ecological-coenotic composition of
communities; the flora becomes mixed (Fig. 3). Due
to badgers' activities, pure nemoral forests are be-
ing replaced by cenoses where meadow species
start to co-dominate. At the same time, the role of
black alder, boreal and piny plants, which are not

Settlements (79 species)

51%

27.8 %

typical of modern nemoral communities, is in-
creasing. Based on previous studies, light forests
with mixed flora were the primary form and were
typical of undisturbed (climax) coenoses of pre-
agricultural times. Such communities were created
and maintained by different groups of animals
[1, 3, 77].

Control (53 species)

57,0 %

Ecologigal-coenotic groups of plants:

Nemoral Boreal, piny

Black-alder

Meadow

Fig. 3. The ratio of plant species of different ecological-coenotic groups in the settlements of badgers and in the
control. Species richness is indicated in brackets. The area of the circle corresponds to species richness. Nine
vegetation sample plots (100 m? each) were established at the settlement and at the control
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Badgers and soil cover disturbances

Based on the literature, digging activity of ani-
mals comparable in size to badgers creates hetero-
geneity of the soil cover in the community, which
is characterised by a peculiar ecological regime
[78, 79, 83]. The area of individual digging sites
(disturbances) of these animals is usually small,
not more than several square decimetres or metres.
The elements of such a mosaic are called micro-
sites or micro-habitats [18, 80]. Unique mi-
crogroups (microcoenoses) of plants and animals
[81, 82], which are characterised by specific dy-
namic processes called microsuccessions [3, 83],
are formed on microsites. Badgers create two types
of soil disturbance, which differ in functional pur-
pose.
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The first type of disturbances is the result of the
badger's construction activity. These violations are
related to soil spoils (the so-called "butans"* or
mounds) made at the settlement during cleaning,
renovation, expansion and deepening of old setts,
as well as the construction of the new ones (Fig. 4).
Setts can be 3—6 m deep [7, 10]. The area of indi-
vidual mounds of earth is 2 to 23 m” Thereat, ani-
mals carry 0.7 to 8.1 m® of soil [49] to the surface.
In some cases, the spoil area reaches 55.0 m*, with
a volume of up to 10.0 m® [42]. The soil thrown to
the surface is enriched with minerals, and the mi-
crorelief near the sett changes: butans up to 80 cm
high, foot-worn by badgers, are formed. These mi-
cro-habitats have a unique species composition of
plants and soil invertebrates [78, 84, 85].

Fig. 4. Disturbance of the soil cover by the European badger associated with soil ejection during cleaning, renewal,
expansion and deepening of old setts, as well as the construction of new ones. Image courtesy of E. F. Sitnikova

The second type of disturbances is a conse-
quence of the badger's foraging activity. Looking
for invertebrates and small vertebrates, as well as
juicy underground plant parts, it has to dig through
the upper soil layers. These disturbances are usual-
ly dispersed throughout the family area. The badg-
er mainly shows four patterns of digging, which

* "Butan" is an individual steppe hill; a mound, a hill
on the plain, a hillock dug by marmots, steppe marmots
or tarbagans [89]. This term is also used by some zoolo-
gists who study badgers [8, 49, 58].

are a result of different foraging ways [47].
The first type is small digs with an area of 30 cm®
and up to 10 cm deep (Fig. 5, 4, B). They are cre-
ated by badgers looking for grubs of cockchafers
and other invertebrates. For one meal, the animal
makes 30 to 2,700 small digs per 100 m* [42, 45,
86, 87], disturbing up to 8 % of the soil cover area.
The second type is round-shaped violations with an
area of about 500 cm® and up to 35cm deep
(Fig. 5, C). These digs are made by badgers ex-
tracting diggers and bumblebees. The third type is

Evstigneev O. 1., Solonina O. V.
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oblong and round-shaped pits with an area up to
1,000 cm® and up to 45 cm deep (Fig. 5, D, E).
They appear during digging into dens of mice,
voles, moles, shrews and other small vertebrates
[42, 47]. In Leningrad oblast, when surveying the
area around the settlement, zoologists estimated
that badgers dug up 209 mole channels of 284 [87].
At the same time, predators hunt not only moles;
they also search for earthworms and other inverte-
brates that inhabit underground mazes. The fourth
type of disturbances is represented by the top layer
of soil that badgers dug up and turned over with
muzzles and front claws over a considerable dis-
tance (Fig. 5, F). The area of such disturbances can
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reach 900 m> and even a quarter of a hectare
[42, 88]. In appearance and scope of changes, they
are similar to traces of boar feedings [40]. In the
upper soil layer, badgers look for earthworms and
other invertebrates, as well as for tubers and bulbs
of spring ephemeroids — Corydalis solida, Gagea
lutea, Galathus nivalis, rhizomes of summer
broad-leaved grasses — Mercurialis perennis, Den-
taria quinquefolia, etc., fallen fruits of trees and
shrubs — Acer platanoides, Carpinus betulus,
Cerasus avium, Corylus avellana, Fagus sylvatica,
Fraxinus excelsior, Quercus robur, Tilia cordata,
etc. [33, 34, 48, 52].

Fig. 5. Disturbance of the soil cover associated with foraging activity of the European badger: A, B — small digs
(both plane and elevated) with an area of 30 cm? and up to 10 cm deep, made during the extraction of larvae
of cockchafers and other invertebrates; C - round-shaped disturbances with an area of about 500 cm” and up to
35 cm deep, made during the extraction of diggers (remains of honeycombs are visible in the excavation);

D, E - oblong and rounded pits with an area of up to 1,000 cm” and up to 45 cm deep, made during excavations
of the setts of small mouse-like rodents (an ejected bedding of rodents is visible near the excavation);

F — an excavated and inverted topsoil in which badgers searched for invertebrates, rhizomes, tubers and bulbs
of plants. Image courtesy of: A - [55]; B, F - O. V. Solonina; C-[90]; D - E. F. Sitnikova; E - [47]
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Most of the figures characterising badger's
digging activities will increase by manifold if cal-
culated for the entire season and for the entire
family living in the settlement. All this is proof
that the badger is originally an edificator of the
herbaceous cover. Due to vigorous construction
and foraging activity, it can actively create a mo-
saic pattern in the herbaceous layer throughout
the family's habitat. Zoologists have shown that a
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badger family area can reach several hundred hec-
tares [64, 67].

Badgers and mosaic pattern
of the herbaceous cover

Three zones are distinguished in the herbaceous
cover in terms of the intensity of the disturbances
produced by badgers (Fig. 6).

Fig. 6. Mosaic of herbaceous cover on the badger settlement and its surroundings. Legend:
A - the first zone with a predominance of meadow and nemoral vegetatively immobile plants
of the ruderal group (Alliaria petiolata, Geranium robertianum, Lactuca serriola, Moehringia trinervia,
Polygonum convolvulus); B - the second zone with a predominance of nemoral vegetatively mobile plants
of the ruderal group (Galium odoratum, Glechoma hederacea, Stellaria holostea); C - the third zone
with a predominance of nemoral vegetatively mobile plants of the competitive group
(Aegopodium podagraria, Carex pilosa, Convallaria majalis); D — active setts; E — abandoned setts; F — paths

The first and second zones are significantly
modified by badgers, as they are most actively
used throughout the existence of the settlement.
The third zone is used less frequently. However,

even here, traces of the badger's life activity can be
observed. All three zones differ significantly in
terms of plant species composition, their abun-
dance, dominance and ecological-coenotic struc-
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ture and, as a result, in the prevailing microgroups
of grasses. In the following section, we well dis-
cuss these differences in more detail.

The first zone. This zone is represented by
well-foot-worn areas with a system of setts with
fresh and old mounds of spoil origin (Fig. 4, 7).
The closure of the tree stand is low, as mentioned
above, making it an ideal place for badgers to rest,
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bask in the sun, waddle from side to side, clean
both partner's and own fur, play and raise their off-
spring [91, 92]. Besides, this area includes game
spots and wide paths connecting the sett entrances.
The area of the first zone, which is the actual set-
tlement (complex), covers 1,000 m”. It accounts for
15 % of the herbaceous cover area significantly
disturbed by badgers (Fig. 6, 4).

Fig. 7. The first zone of vegetation: A — a foot-worn mound of soil and a path near an active hole.
Image courtesy of O. V. Solonina; B - playing field, as well as a place for resting and grooming;
C - badger cubs near a hole in search of soil invertebrates. Image courtesy of E. F. Sitnikova

Active use of sites and paths with compacted
soil with poor gas exchange and low water capaci-
ty affects the herbaceous cover. In these condi-
tions, the grass survival rate is low and grass clo-
sure is extremely low, amounting only to 1-2 %.
Species density of the groups is small and amounts
on average to 3.3 species per 1 m>. However, spe-
cies richness shows the highest values: 19 species of
vascular plants were found in this zone (Table 4).
Herbs belong to different ecological-coenotic
groups, i.e. meadow, nemoral, black-alder and piny
groups. Thereat, more meadow species obviously
prevail (Table 5). Meadow species include Achil-
lea millefolium, Anthriscus sylvestris, Chelidonium
majus, Clinopodium vulgare, Convolvulus arven-
sis, Fragaria vesca, Hypericum perforatum, Lactu-
ca serriola, Leonurus quinquelobatus, Polygonum
convolvulus, Rorippa sylvestris, Taraxacum offici-
nale, and Viola canina (Table 6). The presence of
these species is associated with the badger. Seeds

could have been partially transported via epizo-
ochory on paws together with loam and on fur and
via endozoochory in digestive tracts. The nearest
meadow is located 100 m away from the badgers'
settlement. Another part of the seeds was apparent-
ly transported by animals with the grass bundles
(rolls) which were collected in a forest clearing
30 m away from the sett. To recap, badgers first
dry the grass and then use it as bedding in their
sleeping chambers or to block the sett entrances
before hibernation. Some seeds fall off during dry-
ing. Only four nemoral plant species were found
here: Alliaria petiolata, Geranium robertianum,
Geum urbanum and Moehringia trinervia.
The piny and black-alder groups include only one
type each, i.e. Rubus idaeus and Urtica dioica
(see Table 6). It is known that raspberries are a fa-
vourite food of badgers [44], whereas nettles at-
tract badgers because of their high contents of pro-
teins and vitamins [93].
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Table 4
Characteristics of the herbaceous layer in different zones of vegetation
in the badger settlement and in its surroundings
. Herbaceous layer zones
Characteristics of the herbaceous layer First Second Third
Number of plots of 1 m” 14 21 21
Range of the herbaceous layer cover, % 1-2 5-30 65-85
Average cover of the grass layer, %, M + my, 1.4+0.13 143+£1.53 72.1£1.17
Range of the species number on the plots 1-5 2-6 1-8
Species density, M £ my, 33+0.34 4.3+0.27 4.9+042
Mann-Whitney test, value, U 85 (p = 0.0368)
Mann-Whitney test, value, U 71 (p = 0.0110)
Mann-Whitney test, value, U 183 (p = 0.34551)
Species richness 19 16 | 13

Note. M is the arithmetic mean, m,, is the arithmetic mean error. p is the significance value of differences in species
density, significant differences are marked in bold

Table 5
Number and proportion ( %) of species in different ecological-coenotic groups
in the herbaceous cover of various vegetation zones in the settlement of badgers
Ecologico-cenotic groups Herbaceous layer zones
g group First Second Third
Meadow 13 (68.4) - -
Nemoral 4(21.0) 16 (100.0) 12 (92.3)
Boreal and piny 1(5.3) — 1(7.7)
Black-alder 1(5.3) - -
Table 6

Points of occurrence (Roman numerals) and cover-abundance points (Arabic numerals and +)
in different zones of herbaceous cover on the badger settlement and its surroundings.
Broad-leaved nemoral forest. ECG - ecological-coenotic groups of plants, TP - types of plant strategies

Vegetation zones
Plant name First Second Third ECG TP
1 2 3 4 5 6
Achillea millefolium L. I(+) — — Mea T
Adoxa moschatellina L. — [(+) — Ne-Fo R
Aegopodium podagraria L. — II(+) I (+-5) Ne-Fo C
Alliaria petiolata (Bieb.) Cavara & Grande II(+) — — Ne-Fo R
Anthriscus sylvestris (L.) Hoffm. 1(+) — — Mea R
Asarum europaeum L. — I (+-1) | III (+-1) Ne-Fo T
Campanula trachelium L. — [(+) — Ne-Fo T
Carex digitata L. — 1(+H) — Ne-Fo T
Carex pilosa Scop. — I (+) I (+-5) Ne-Fo C
Chelidonium majus L. I (+) - - Mea R
Clinopodium vulgare L. I1(+H) — — Mea R
Convallaria majalis L. — II(+-1) | OI(1-4 Ne-Fo C
Convolvulus arvensis L. 1(+H) — — Mea R
Cystopteris fragilis (L.) Bernh. — [(+) — Ne-Fo T
Dryopteris filix-mas (L.) Schott — 1(+) — Ne-Fo T
Fragaria vesca L. I1(+H) — — Mea R
Galium odoratum (L.) Scop. — I (+2) | I (+2) Ne-Fo R
Geranium robertianum L. 1(+H) — — Ne-Fo R
Geum urbanum L. I () - - Ne-Fo T
Glechoma hederacea L. — IV (+2) | 1II (+-2) Ne-Fo R
Hypericum perforatum L. I1(+H) — — Mea T
Lactuca serriola L. [(+) — — Mea R
Leonurus quinquelobatus Gilib. [(+) — — Mea R
Maianthemum bifolium (L.) F. W. Schmidt — — [(+) Bo-Fo T
Mercurialis perennis L. — II(+) I (+-2) Ne-Fo C
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End of Table 6

1 2 3 4 5 6
Moehringia trinervia (L.) Clairv. [(+) — — Ne-Fo R
Paris quadrifolia L. — — [(+) Ne-Fo T
Polygonatum multiflorum (L.) All. — II (+-1) II (+-3) Ne-Fo T
Polygonum convolvulus L. [(+) — — Mea R
Pulmonaria obscura Dumort. — I (+) I (+-1) Ne-Fo T
Rorippa sylvestris (L.) Bess. [(+) — — Mea R
Rubus idaeus L. [(+) — — Bo-FE R
Stellaria holostea L. — II (+-2) II (+-1) Ne-Fo R
Taraxacum officinale Wigg. [(+) — — Mea R
Urtica dioica L. I (+) - - BA-Fo R
Viola canina L. [(+) — — Mea R
Viola mirabilis L. — I+ I[(+) Ne-Fo T
Number of species 19 16 13 37 37

Note. ECG (ecological-coenotic groups): Ne-Fo — nemoral-forest, Bo-Fo — boreal forest, Bo-FE — boreal-forest edge
(piny), Mea — Meadow, BA-Fo — black-alder-forest. TP (type of plant strategy): C — competitive, R — ruderal, T — phy-

tocenotically tolarant

Well-worn areas and trails are dominated by
ruderal species (Fig. 8, I). These are poorly com-
petitive plants, and their existence in the communi-
ty depends on disturbances of the herbaceous cover
[24] caused by setting animals, including badgers.
Ruderal species belong to two groups. The first
group includes perennial vegetatively mobile
plants, i.e. Convolvulus arvensis, Fragaria vesca,
Rubus idaeus, Urtica dioica, among others. They
are represented by singular plants, which, in case of
trampling, are able to quickly capture the territory
due to their high vegetative mobility (Fig. 10, A).
The second group is formed by annual and biennial
vegetatively immobile grasses such as Alliaria pet-

I 20 %

T’P B 1

)1
80 % .

iolata, Geranium robertianum, Lactuca serriola,
Moehringia trinervia and Polygonum convolvulus.
These plants show no vegetative growth and re-
production at all. However, they have a complex of
biological features of the "nomad’ type" (as termed
by Denslow [94]). It is aimed at rapid reclamation
of disturbances and quick transition to the latent
state. Nomad plants form a stock of seeds in the
soil [95]; they have a high seed productivity, a long
germination period and high rates of development.
They are unable to pass to the quasi-senile state
and secondary dormancy. These species do not re-
tain a territory for longer than 1 year [24].

J111 10 %
H 6%
52 % 84 %

B | |

1

Type of plant strategies:

Ruderal

Phytocenotically
tolarant

- Competitive

Fig. 8. Cyclic development of microgroups of herbaceous cover on badger settlements and in the surroundings.
Types of microgroups: | - with a predominance of meadow and nemoral vegetatively immobile plants of the
ruderal group (Alliaria petiolata, Geranium robertianum, Lactuca serriola, Moehringia trinervia, and Polygonum

convolvulus); Il - with a predominance of nemoral vegetatively mobile plants of the ruderal group (Galium
odoratum, Glechoma hederacea, and Stellaria holostea); Ill - with a predominance of nemoral vegetatively mobile
plants of the competitive group (Aegopodium podagraria, Carex pilosa, and Convallaria majalis). Red arrows show
the direction of microgroup development determined by competitive plants. Black arrows show the directions
of microgroup transformations determined by badgers. Development cycles: A - extended, B - shortened

> Nomad, i.e. associated with relocation [96].

Evstigneev O. 1., Solonina O. V.

Page 15 from 26



‘ RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

Second zone. The second zone is directly adja-
cent to the first zone, to the foot-worn areas with
setts, and is a site where badgers actively feed
(Fig. 6, B). For example, it is the zone where a fe-
male badger with cubs forages constantly, since the
brood mostly stays near the sett all summer and au-
tumn [91, 97]. Other members of the family also
feed during the daily rest [42]. Some zoologists ar-
gue that badgers try to forage right near the settle-
ment, just 150-200 m away, for 2—-3 weeks before
hibernation and after hibernation in spring [47].
When extracting soil invertebrates and small
mouse-like rodents, as well as when digging up

Vol. 5 (1), 2020

roots, thizomes, tubers and bulbs, badgers make a
large number of digs, loosen the litter and soil lay-
ers lying below. Disturbances created by badgers
in this zone amount to 70-95 % in total (Fig. 9).
Loosening reduces the bulk density of soil and in-
creases its fertility, and such soil has increased
temperature and improved gas exchange as well as
an increased intensity of microbiological processes
and an increased availability of nutrients for plants
[98, 99]. The area of the second zone covers
5,500 m” and accounts for 85 % of the area of the
herbaceous cover significantly disturbed by badg-
ers (see Fig. 6, B).

Fig. 9. Herbaceous cover around a settlement of the European badger. The top photo is of the second zone.
The herbaceous cover is badly damaged by badgers. Phytocoenotically tolerant plants predominate,

i.e. vegetatively immobile spring vetch (Lathyrus vernus) and wood avens (Geum urbanum), vegetatively
poorly mobile Solomon's seal (Polygonatum multiflorum), etc. The bottom photo is of the third zone.
The herbaceous cover is slightly damaged by badgers. Vegetatively mobile plants of the competitive group,
mainly pilose sedge (Carex pilosa), dominate. Image courtesy of O. V. Solonina
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Active setting activity of the animals results in
the formation of microgroups, with a relatively low
projective cover from 5 to 30 %. Species richness
of vascular plants is lower in comparison with the
first zone (see Table 4). There are no light-
demanding meadow or piny species (see Table 5),
mainly due to the shading of the herbaceous cover,
which is located under the closed canopy of a stand
of Acer platanoides, Tilia cordata and others. All
16 discovered species were shade-tolerant grasses
of the nemoral group. At the same time, the species
density of the second-zone microgroup is signifi-
cantly higher than that of the first one (see Table 4).

In the second zone, ruderal species are still
dominant (Fig. 8, II). However, this group has no
annuals or biennials, and the greatest coenotic sig-
nificance is shown by vegetatively mobile plants,
i.e. Galium odoratum, Glechoma hederacea and
Stellaria holostea (see Table 6). They are charac-
terised by the highest occurrence and cover points
and quickly recover from disturbances caused by
badgers due to high vegetative mobility. Bedstraw,
ground ivy and stitchwort differ from ruderal "no-
mad" species by a longer (over 2 years) duration of
the territory retention [24]. Notably, tolerant
plants, with Asarum europaeum, Polygonatum
multiflorum, Pulmonaria obscura and Viola mira-
bilis, sometimes Campanula trachelium, Carex
digitate, Cystopteris fragilis and Dryopteris filix-
mas as typical components of the herbaceous cov-
er, demonstrate maximum participation in this
zone. At the same time, all competitive broad-
leaved grass species are found in the community,
i.e. Aegopodium podagraria, Carex pilosa, Con-
vallaria majalis and Mercurialis perennis. Howev-
er, their participation is minimal (see Table 6).

The third zone. 1t is usually located beyond the
second zone, sometimes directly adjacent to the
first zone (Fig. 6, C). Here, badgers also dig and
loosen the soil for food. However, the intensity of
the impact on the herbaceous cover is not as high
as in the second zone. Disturbances created by the
animals here only account for 15-35 %.

This part of the coenosis enjoys a relatively
large herbaceous cover of 65-85 % (see Fig. 9),
mainly because as the setting activity of animals
decreases, competitive plants of the nemoral group
start to dominate, i.e. Aegopodium podagraria, Carex
pilosa and Convallaria majalis (see Table 5, 6). They
are characterised by high vegetative mobility and
productivity, large biomass and a significant dura-
tion of the territory retention [24]. This allows the
competitive plants to create coenotically isolated
thickets that displace weak competitive species
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(Fig. 8, III). Therefore, Adoxa moschatellina,
Campanula trachelium, Carex digitata, Cystopteris
fragilis and Dryopteris filix-mas are not found in
this zone. In addition, it is difficult for new species
to enter these groups. Only isolated individuals of
extremely tolerant plants appear, i.e. Maianthemum
bifolium and Paris quadrifolia. The participation
of small grasses in the community is minimal, and
these species show a low level of vitality and are in
low numbers (see Table 6). As a result, species
richness amounts only to 13 species. Species densi-
ty of the herbaceous cover is, however, similar to
that of the second zone (see Table 4).

The vegetation of the zones and their borders is
dynamic and changes over time. This is due to the
fact that badgers sometimes abandon part of their
setts or the entire settlement for several years [50].
Zoologists believe that the disappearance of ani-
mals is caused by the reduction in their numbers as
a result of epizootic and other diseases [7].
Gorshkov believes that badgers can be forced out
from the territory by wild boars, who compete with
badgers for food, destroy their setts and kill their
cubs [42]. Sometimes, animals leave the inhabited
place because of a strong infection with ectopara-
sites [37]. Currently, overhunting and poaching are
the main reasons for a decline in badger popula-
tions. First, the well-foot-worn areas and paths in
front of the setts (the first zone) and the adjacent
second zone in abandoned settlements become
completely overgrown with ruderal mobile grasses
within 3 to 4 years (Fig. 10, A-C), followed by an
overgrowth with competitive grasses (see Fig. §;
Fig. 10, D). When the badger population increases,
the animals return to the abandoned sett, renovate
it and disturb this unidirectional microsuccession
in the herbaceous cover. Thus, extended and short-
ened cycles of vegetation development are formed.
Extended cycles of microgroups are formed if
badgers return to a sett at the stage of overgrowing
with competitive grasses (see Fig. 10, D). Short-
ened cycles occur if they return during the sett's
overgrowing with vegetatively mobile species of
the ruderal group (see Fig. 10, 4—C) or if badgers
create small bare spots in between competitive
plants that are then quickly replaced by ruderal spe-
cies (see Fig. 8).

A survey of badger settlements has shown that
the foraging activity of this animal continuously
creates a mosaic pattern of herbaceous cover and
forms a multi-species community of vascular plants.
Spatial redistribution of microgroups dominated by
different types of plant strategies (ruderal, tolerant
or competitive) help to maintain this diversity.

Evstigneev O. 1., Solonina O. V.
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Fig. 10. Abandoned setts of the European badger at different stages of overgrowing with herbaceous cover:

A — microgroup of plants with a predominance of ruderal vegetatively mobile common nettle (Urtica dioica)
and red raspberry (Rubus idaeus); B — microgroup of plants with a predominance of ruderal vegetatively
mobile common nettle (Urtica dioica) and ground-ivy (Glechoma hederacea); C — microgroup of plants
with a predominance of ruderal vegetatively mobile greater stitchwort (Stellaria holostea) and tolerant
vegetatively immobile wood avens (Geum urbanum); tufted hairgrass (Deschampsia cespitosa) grows near the sett;
D — microgroup with a predominance of nemoral vegetatively mobile plants of the competitive group - pilose
sedge (Carex pilosa) and lily of the valley (Convallaria majalis). Image courtesy of E. F. Sitnikova

Conclusion

The composition of plant feeds shows that the
badger is involved in creating both intracoenotic
and intercoenotic flows of plant diaspores. This is
evidenced by the presence of plants of different
communities in its diet, i.e. forest, meadow, swamp
and water plants. The badger can move plant dia-
spores in three ways: via endozoochory, epizo-
ochory and synzoochory. That is why seeds of the
largest possible number of plant species with vari-
ous adaptations to zoochory are involved in dia-
spore flows. Literature analysis has shown that
badgers can move large amounts of diaspores over

a distance of 1 kilometre and smaller amounts up
to 2 or 3 kilometres. Foraging and construction ac-
tivities of this animal contribute to a significant in-
crease in the species diversity of vascular plants
within settlements. Badgers change the ecological-
coenotic composition of the community, the flora
becomes mixed. Forest, meadow, black-alder, bo-
real and piny plant species begin to co-dominate in
the herbaceous cover of nemoral forests.

While foraging, the badger actively creates a
mosaic pattern of the herbaceous cover over the
entire area of the family plot, which is several hun-
dred hectares. This mosaic is represented by three
variants of microgroups: 1) with a predominance
of vegetatively immobile annuals and biennials of

Evstigneev O. 1., Solonina O. V.
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the ruderal group; 2) with a predominance of vege-
tatively mobile perennials of the ruderal groups
and with significant participation of phytocoenoti-
cally tolerant plants; 3) with a predominance of
vegetatively mobile perennials of the competitive
group. This sequence of microgroups alternating
over time represents a microsuccession. Competi-
tive species are the driving force behind the devel-
opment of these groups. They gradually crowd out
rudearal and tolerant plants and can become domi-
nant in the herbaceous cover for a long time. How-
ever, badgers' use of the community territory on a
"shift" basis occasionally interrupts these unidirec-
tional microsuccessions. In this case, extended and
shortened cycles of microgroup development are
formed. Extended cycles are formed if badgers dig
through thickets of competitive plants over a large
area to minimise the closure of the herbaceous
cover. Shortened cycles can be formed if foraging
animals return to their previously dug areas 2 or 3
years later, during the domination of vegetatively

Vol. 5 (1), 2020

mobile grasses of the ruderal group. In this case,
the stage with a predominance of competitive
plants is omitted. The multi-species composition of
the herbaceous cover is maintained by the disturb-
ances caused by badgers and cyclic microsucces-
sions. The mechanism for maintaining this diversi-
ty is based on the spatial redistribution of
microgroups dominated by plant species with dif-
ferent strategies.

These facts indicate that in an undisturbed bio-
coenosis, badgers were edificators of the herba-
ceous cover and played an active part in the for-
mation and maintenance of the mixed nature of the
community flora. Besides, they contributed to the
restoration of the species diversity of the coenoses
that were lost as a result of the destructive human
impact. However, due to overhunting and persis-
tent persecution by poachers, this species has re-
cently become extremely rare and endangered and
has ceased active transformation of the environ-
ment.
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