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Abstract. Bark stripping by red deer has a significant impact on the state of
forest ecosystems throughout the range of this ungulate species. Range-wide,
red deer eat the bark of more than 20 species of trees, often causing significant
damage to forestry. In the south of the Russian Far East, Manchurian red deer
Cervus elaphus xanthopygus feed on the bark of elms Ulmus sp. in autumn
and spring. However, prior research on the ecology of Manchurian red deer
contains no quantitative estimates of the removal of elm bark by this ungulate.
This article presents, for the first time, quantitative data on the influence of
such deer feeding behavior on the forest stand of Primorsky Region. Manchurian
red deer mainly damage undergrowth and young trees up to 40 years old with
diameters of 0.5—7.4 cm at breast height (M = 3.75 + 0.069, n = 249). In Ulmus
laciniata undergrowth, the damaged bark area was 0.01-0.45 m?* (M =0.11 +
0.096, n = 249). At the same time, the deer scraped more bark from large trees
by area on average when converted to one tree.

Keywords: bark stripping, debarking, Primorsky Region, Russian Far East,
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Annomayus. ObraappiBaHne KOPbl OAATOPOAHBIM OA€HEM OKa3bIBAET
3HAYMTEAbHOE BAUSAHIE Ha COCTOSIHME A€CHBIX 9KOCKCTEM II0 BCEMY apeaAy
5TOr0 BUAQ KOTIBITHBIX. Ha BceM MpoTsDKeHnu CBoero apeasa 6AaropopHsle
OA€HM YIOTPEOASIOT B mully Kopy 6oaee yem 20 BMAOB A€PeBbEB, YACTO
HAHOCSA 3HAYMTEABHBIN yliepb AecHOMY Xx034iicTBY. Ha rore AaabHero BocToxa
Poccuu usio0pb B OCEHHe-BeCEHHUIL TEPUOA TIMTAETCSI KOPoit UAbMOB Ulmus
sp. OAHAKO B HAYYHBIX PabOTaX, ITOCBSILEHHBIX SKOAOTUY UBI00PSI, OTCYTCTBYIOT
KOAMYECTBEHHbIEe OL[€HKU U3BSITUSA KOPbl MABMOB 3TUM OAeHeM. B Haiern
cTaTbe BIepBbIe IPUBEAEHBI KOAUYEeCTBEHHbIE AQHHBIE II0 BAUSHUIO TAKOTO
MUIIEeBOTO NMTOBEAEHUS OACHENl Ha APeBOCTON AecoB IIpuMopckoro xpas.
/3106psiMu B OCHOBHOM ITOBPEXAQETCST IOAPOCT U MOAOABIE AEPEBbSI C
AnameTtpamu Ha Beicote rpyan 0,5-7,4 cm (m = 3,75 + 0,069, n = 249) Bospactom
A0 40 aet. ITAOLIaAD TTOBPEXKAEHMSA KOPbI IOAPOCTA MAbMA AOIACTHOIO
cocraBuaa 0,01-0,45 m? (m = 0,11 + 0,096 M?, n =2 49). C KpyIIHBIX AepEBbEB
M3I00pU [IPU 3TOM CheAAAU OOABIIE KOPBI TI0 MAOLIAAU B CPEAHEM IIPU
repecyeTe Ha OAHO AepeBo.

Karuesvie carosa: noepanue Kopbl, UAbM AONACTHOM, [IpuMopckuit Kpai,
Aaapuuit Boctok Poccun, Cervidae
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Introduction

In the forest ecosystems of Primorsky Re-
gion (the south of the Russian Far East), the
condition of the “forest vegetation — ungu-
late browsers — large predators” food chain
is most indicative of the stability of the entire
ecosystem as a whole (Gaponov 2006). Wild
species of the Cervidae family are not only the
most important element of the forest ecosys-
tems of the south of the Russian Far East, but
also the main game in the region. Therefore, it
is highly important to determine the ecologi-
cally optimal population density of wild un-
gulates, and research their relationship with
forest vegetation. These animals are browsers:
for most of the year, their diet consists mainly
of shoots of trees and shrubs (Gaponov 2006).
The diet composition of wild ungulates in the
south of the Russian Far East as a whole and
in the Primorsky Region particularly is pre-
sented in numerous publications and mono-
graph chapters (Bromley, Kucherenko 1983;
Chaus, Ignatova 2008; Danilkin 1999; Ga-
ponov 1991; 2006; Kaplanov 1948; Kon'kov
2015; Mikhailovsky 1975; Makovkin 1999;
Sheremetyev, Prokopenko 2005; 2006; Tsyn-
dyzhapova et al. 2020). However, these works
mainly discuss the winter browsing by vari-
ous species of deer. Bark stripping, that is
also part of deer feeding behaviour, is usually
mentioned only in passing.

Bark stripping (debarking) is a feeding
behaviour in which an animal removes and,
as a rule, eats bark from the trunk and large
branches of trees and undergrowth (Miquelle,
van Ballenberghe 1989). This behaviour is
prevalent among many species of the Cervi-
dae family, primarily in the moose Alces alces
L. and the red deer Cervus elaphus L. A fairly
large number of publications have been de-
voted to this behaviour, as well as the influ-
ence of bark stripping on the state of the tree
stand (Akashi, Nakashizuka 1999; Cermak et
al. 2004; Dezhkin, Kaletsky 1973; Dinesman
1959; 1961; Dunin, Yanushko 1979; Gacié et
al. 2012; Gebczynska 1980; Gebert, Verhey-
den-Tixier 2001; Gill 1992a; 1992b; Kurek
et al. 2019; Masuko et al. 2011; Mitchell et
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al. 1977; Michael 1987; Miquelle, van Bal-
lenberghe 1989; Nevrelova, Ruzickova 2015;
Saint-Andrieux et al. 2009; Szukiel 1981; Ver-
heyden et al. 2006; Vospernik 2006; White et
al. 2003; Yevtushevsky, Mamenko 2013).

We have not been able to find any prior re-
search devoted to the quantitative assessment
of the removal of tree bark and the influence
of such feeding behaviour of red deer on the
forest stand of the Primorsky Region. The au-
thors of publications usually simply state the
fact that Cervus elaphus xanthopygus con-
sume bark in the south of the Far East in early
spring (Bromley, Kucherenko 1983; Danilkin
1999; Gaponov 1991; 2006; Kaplanov 1948;
Mikhailovsky 1975). The purpose of our work
was to conduct a qualitative and quantita-
tive assessment of Cervus elaphus xanthopy-
gus (Milne—Edwards, 1867) stripping bark of
Ulmus laciniata (Trautv.) Mayr, 1906 in the
south of Primorsky Region.

Study area

The research was carried out from April
to June 2021 in the south of the Russian Far
East (Primorsky Region) in the Ussuriysk
urban district within the forest area of the
Primorskaya State Academy of Agriculture,
located in the vicinity of the Kamenushka vil-
lage, Banevurovskoye district forestry (for-
est compartments # 52 and 53) (N 43°3723",
E 132°13'50") (Fig. 1).

On 11 April 2021, we discovered numer-
ous Ulmus laciniata (Trautv.) Mayr with de-
barked trunks on the northern slope of the
Komarovka River valley (height 170-270 m
above sea level), with a large amount of Cer-
vus elaphus xanthopygus winter droppings
also present in the area. We investigated the
site where elms with damaged bark were
found. A sample plot was set here, with the
area of 13 ha. The area was covered by Korean
pine-deciduous forest of Pinus koraiensis Zie-
bold et Succ. (20%), Betula costata (Trautv.)
(30%), Fraxinus mandshurica Rupr. (20%),
Tilia amurensis Rupr., T. mandshurica Rupr.
et Maxim. and T. taquetii C. K. Schneider.
(20%), Juglans mandshurica Maxim. (20%),
Abies holophylla Maxim., Ulmus laciniata
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Fig. 1. Location of the sample plot. Surroundings of the village of Kamenushka, Ussuriysk
urban district, Primorsky Region. The inset shows the research area

Puc. 1. PacniorosxeHue mpo6Hoit naomapm. OxpectHocTu ¢. KameHyuka, Yccypuitckmit
ropoackon okpyr, IIpumopckuit kpain. Ha Bpe3ke rokasaH paiioH MCCAEAOBAHUIN

(Trautv.), Quercus mongolica Fisch. ex. Ledeb.,
Phellodendron amurense Rupr. The second
story was represented by Acer mono Max-
im., A. mandshurica Maxim., Carpinus cor-
data Blume, Syringa amurensis Rupr., Padus
maackii Rupr., Cerasus maximowiczii (Rupr.).
The relative stand density was 0.5-0.7. The
abundant undergrowth consisted of Phila-
delphus tenuifolius Rupr. et Maxim., Lonicera
praeflorens Batal., L. chrysantha Turcz. ex.
Ledeb., L. maackii (Rupr.) Maxim., Eleuthero-
coccus senticosus (Rupr. et Maxim.) Maxim.,
Aralia elata (Miq.) Seem., Acer tegmentosum
(Maxim.) Maxim., A. ukurunduense Trautv.
et C. A. Mey, A. barbinerve Maxim. The non-
layered vegetation was well developed, repre-
sented by Schisandra chinensis (Turcz.) Baill,,
Actinidia arguta (Siebold et Zucc.) and A. ko-
lomikta (Rupr. et Maxim.) Maxim., Vitis amu-
rensis Rupr. The herbaceous cover consisted

Amurian Zoological Journal, 2022, vol. XIV; no. 2

of ferns and various grasses. The projective
coverage was 70—80%. The proportion of Ul-
mus laciniata in the stand was 13%.

Materials and methods

According to the method developed by
G. M. Elsky (1975 ), we set out 2 m wide sam-
ple stripes and counted trees with bark dam-
aged by red deer within those stripes. Diam-
eters of damaged tree trunks were measured
at a height of 1.3 m (DBH) with a tree caliper.
On large elms, we used a measuring tape to
measure the area where the bark was removed.
Trees “ringed” by deer (from which the bark
was removed in a circle) were particularly
noted. Additionally, the density of the under-
growth of Ulmus laciniata and the share of
damaged stems were determined in 130 cir-
cular sample plots of 10 m? each according to
the standard method (Martynov 1984; Ukaza-
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niya po proektirovaniyu.... 1997). The assess-
ment of the state of the undergrowth was car-
ried out according to the method developed
by A. S. Tikhonov (2011). The age of the dam-
aged undergrowth was also determined by
counting the annual rings on the cuttings (n
= 17) and by testing age cores (n = 5) in large
trees, as well as according to the diameter-age
reference table (Koryakin 2010).

We also used some data from 1986 to 2021
that we obtained by participating in winter
route surveys and monitoring of the Amur
tiger within the Ussuriyskiy State Nature Re-
serve (Ussuriysk urban district and Shkotov-
sky district), as well as the Krasnoarmeysky,
Nadezhdinsky and Mikhailovsky districts of
Primorsky Region.

Results

Based on the resting places, the size and
shape of the excrements we found, it is as-
sumed that the group of Cervus elaphus xan-
thopygus that lived in this forest area did not
exceed five individuals of different ages.

An assessment of Ulmus laciniata un-
dergrowth condition within the sample plot

showed that its density was 162 pcs./ha (cor-
responding to the “rare” prevalence category),
of which 82 pcs./ha (50.5%) were damaged.
The undergrowth was found both in single
individuals and in groups, with a quite un-
even distribution (occurrence 51%), medium
height (1.2-1.5 m and medium quality.

Within the sample plot, we detected bark
damage in 249 trees of Ulmus laciniata. Of
these, 249 stems were young trees from 0.5 to
7.4 cm DBH (M = 3.75 £ 0.069, n = 249). The
age of the damaged undergrowth determined
by the annual rings on the cuts ranged from
6 to 38 years (M = 17.86 + 3.996, n =1 7) (Ta-
ble 1).

The damaged bark area in the under-
growth of Ulmus laciniata ranged from 0.01
to 0.45 m* (M =0.11 £ 0.096, n = 249).

In addition to undergrowth, mature trees
of Ulmus laciniata with DBH from 24 to
56 cm (M = 40.2 + 3.034, n = 10) were dam-
aged within the sample plot. The age of the
trees ranged from 67 to 179 years (M = 128 +
9.8,n=10) (Table 2). The damaged bark area in
mature Ulmus laciniata ranged from 0.14 to
220 m* (M = 1.05 + 0.217, n = 10).

Table 1
Properties of damaged Ulmus laciniata undergrowth
TabAuma 1
XapakTepHuCTHKA MOBPEXKAEHHOT0 MOAPOCTa MABMa AonacTHOro Ulmus laciniata
Middle of the Diameter Area of stripped bark | Age (years) n
diameter class limits (cm) (m?)
(cm)

1 0.5-1.4 0.01-0.04 <6 27
(M =0.02 £ 0.001)

2 1.5-2.4 0.02-0.12 <10 54
(M = 0.05 + 0.004)

3 2.5-3.4 0.01-0.45 <13 60
(M =0.08 £ 0.012)

4 3.5-4.4 0.02-0.29 <15 48
(M = 0.12 + 0.012)

5 4.5-5.4 0.04-0.18 <20 36
(M =0.10 £ 0.008)

6 5.5-6.4 0.09-0.34 <23 24
(M = 0.18 + 0.017)

7 6.5-7.4 0.18-0.38 <38 9
(M = 0.25 + 0.014)
) 249
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Table 2
Properties of the damaged mature Ulmus laciniata trees
Ta0Auna 2
XapakTepuCTHKA MOBPE>KAEHHBIX B3POCABIX AepeBbeB MAbMa AonacTHOro Ulmus
laciniata
Middle of the Diameter Area of stripped bark | Age (years) n
diameter class limits (cm) (m?)
(cm)
24 22.1-26 0.14 67 1
28 26.1-30 0.20 101 1
32 30.1-34 0.19 115 1
36 34.1-38 0.12 118 1
40 38.1-42 0.90-1.44 126 2
44 42.1-46 2.20 140 1
48 46-50 0.42-0.63 153 2
52 50.1-54 0 0 0
56 54.1-58 0.28 179 1
) 10

In young elms, deer used their incisors to
hook bark in the lower part of the trunk and
pulled it towards themselves, tearing off long
narrow strips. In large trees, they scraped off
the bark, eating around the tree in a more or
less rectangular area. The lower boundary of
the scrape marks was at a height from 0.05 to
1.50 m from the ground, with the upper edge
from 0.3 m to 4.0 m (Fig. 2).

In 53 young elms the bark was eaten around
the tree. Subsequently when visiting the sam-
ple plot at the end of summer, we noted the
death (drying out) of damaged elms (Fig. 3).

Discussion

Stripping bark of Ulmus laciniata is preva-
lent in the feeding behaviour of Cervus ela-
phus xanthopygus in the Primorsky Region.
For instance, L. G. Kaplanov (1948) noted this
phenomenon in the Sikhote-Alinsky State
Natural Biosphere Reserve and V. V. Gaponov
(1991) recorded it in the basins of the Pav-
lovka, Zhuravlevka and Otkosnaya rivers in
the Chuguevsky municipal district. Across
many years, we have repeatedly encountered
characteristic damage of Ulmus laciniata by
Cervus elaphus xanthopygus within the Us-
suriysky State Nature Reserve, and this feed-
ing behaviour was confirmed by data from

Amurian Zoological Journal, 2022, vol. XIV; no. 2

camera traps installed in the animals’ winter
stations (Fig. 4).

We also noted single young trees of Ulmus
laciniata with stripped bark in “The Udege
Legend” National Park in the valley of the
Bolshaya Ussurka river near the mouth of
the Armu river in the Krasnoarmeysky dis-
trict (N 45°45'52", E 135°28'35") in June 2021
(Fig. 5). In the same summer, characteristic
Ulmus laciniata undergrowth damage was
found in the upper reaches of the Perevoz-
naya River on the north-eastern slope of the
Dlinnaya Mountain in the Nadezhdinsky dis-
trict (N 43°32'88"; E 132°05'99").

According to Gaponov (2006: 18), Ulmus la-
ciniata “is the only species whose bark is dam-
aged by Manchurian red deer” However, Ka-
planov (1948) noted that these ungulates also
eat the bark of lime trees, aspens, Maak cherry,
aralia, chosenia, willows, ash and even larch.
The same is noted by B. A. Mikhailovsky (1975),
although he observed Cervus elaphus xan-
thopygos feeding on branches and bark of Ul-
mus japonica (= U. propinqua) (Rehder) Sarg. in
Middle Sikhote-Aline and did not observe deer
consuming parts of Ulmus laciniata. It is most
likely that in different parts of its range Cervus
elaphus xanthopygus can consume the bark of
different species of trees and shrubs.
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Fig. 2. Bark damage in large Ulmus laciniata after bark stripping by Cervus elaphus
xanthopygus. Sample plot. 3.05.2021. Authors’ photo

Puc. 2. XapakTep MOBpeXAEHMI KOPbI Y KPYITHBIX IABMOB AOIIACTHBIX ITOCA€ KOPMEXKM
ustobpen. [IpobuHas naoiaab. 3 mast 2021 r. DoTo aBTOPOB

Nevertheless, in the sample plot studied by
us, the deer did not eat the bark of other tree
species, except for Ulmus laciniata, despite
the presence of its favourite forage plants in
the stand: Fraxinus mandshurica Rupr., Tilia
sp., Acer tegmentosum Maxim., A. mono Ma-
xim., Micromeles alnifolia (Siebold et Zucc.)
Koehne, etc. It is interesting to note that we
found a large ash tree, broken by the wind. Its
small branches and bark from main branches
were eaten by red deer, but the bark on the
trunk remained undamaged, just as the bark
of standing ash trees.

Notably, both Ulmus laciniata and Ulmus
japonica are also part of the diet of another Far
Eastern deer, sika deer Cervus nippon Tem-
minck. This ungulate was recorded eating elm
bark in the Lazovsky State Nature Reserve
(Makovkin 1999). There, bark stripping was
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so severe that the elms began to dry out and
fall out of the stand. Elm bark is severely da-
maged by sika deer in the forests of the islands
of Hokkaido and Honshu (Japan) (Higa et al.
2020; Kaji et al. 2010; Masuko et al. 2011;Uno
et al. 2009; Yokoyama et al. 2000). Studies in
the Ooyamazawa Valley Forest have shown a
clear food selectivity of sika deer in relation to
the bark of Ulmus laciniata (Higa at al. 2020).

Other elm species are also part of red deer
preferred diet. For instance, Ulmus pumila L.
is an important component of the winter diet
of the Alashan red deer Cervus elaphus alxai-
cus Bobrinskii et Flerov in the Helan Moun-
tains in North-Central China (Cui et al. 2007;
Zhang et al. 2013). In addition to that, white-
tailed deer Odocoileus virginianus Zimmer-
mann was observed eating the bark of the
slippery elm U. rubra Muhl in West Virginia

https://www.doi.org/10.33910/2686-9519-2022-14-2-345-357



D. A. Belyaev, M. V. Maslov
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Fig. 3. Bark damage in young Ulmus laciniata after bark stripping by Cervus elaphus
xanthopygus. Sample plot. 3.05.2021. Authors’ photo

Puc. 3. XapakTep NMOBpeXAEHUI KOPbl Y MOAOABIX MABMOB AOIACTHBIX ITOCA€ KOPMEXKHU
nstbpen. [IpoobHas naomuaab. 3 mast 2021 r. DoTo aBTOPOB
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(USA), but this phenomenon had a very
limited distribution over an area of only 240
hectares (Michael 1987).

We have identified interesting geographical
differences in the preferences for consuming
the bark of different tree species between the
European subspecies of red deer and Manchu-
rian red deer. As we can see, elm bark is the
preferred early spring fodder for Manchurian
red deer in the Far East. However, we have not
been able to find notes of deer feeding on the
bark of European elm species in the literature
discussing bark stripping by red deer in Eu-
rope. At least 21 species of trees are known to
be debarked by the European red deer (Dines-
man 1959; 1961; Gill 1992a; Kaznevsky 1959;
Mitchell et al. 1977; Verheyden et al. 2006).

Despite the fact that three species of
elms — Ulmus laevis Pall., U. glabra Huds.
and U. minor Mill. (Caudullo, de Rigo 2016;

Amurian Zoological Journal, 2022, vol. XIV; no. 2

Vasiliev 1986) — are common in Europe, there
is no mention of bark stripping of European
elms by European red deer in prior research.
These three species are quite widespread
throughout Europe from Spain to the Euro-
pean part of Russia, and are a common com-
ponent of mixed forest stands along river val-
leys (Caudullo, de Rigo 2016; Vasiliev 1986),
meaning that red deer in Europe do have ac-
cess to this food resource. Only N. N. Yevtu-
shevsky and A. M. Mamenko (2013) (out of
all sources available to us) mention European
red deer eating U. minor and U. laevis in the
Middle Dnieper region and the Carpathians
(Ukraine). There is a mention of sika deer eat-
ing the same species of elm in the Khopersky
State Nature Reserve (Voronezh region, Rus-
sia) (Aghababyan 1951). However, we suppose
that these articles refer to browsing shoots
and not bark stripping.
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Fig. 4. A — Young Cervus elaphus xanthopygus feeding on the bark of Ulmus laciniata.
Ussuriysky Nature Reserve. Suvorovskoye forestry. Shkotovsky district. 18.04.2010. Leaf
River camera trap; B — A young male Cervus elaphus xanthopygus eating cambium from
a large Ulmus laciniata. Ussuriysky Nature Reserve. Komarovskoye forestry. Ussuriysk
urban district. 21.03.2021. Bushnell camera trap; C — A researcher examines a group of
young Ulmus laciniata debarked by Cervus elaphus xanthopygus. Ussuriysky Nature
Reserve. Suvorovskoye forestry. Shkotovsky district. 13.04.2010. Photo by M. Maslov;
D — A researcher examines Ulmus laciniata, debarked by Cervus elaphus xanthopygus at a
different time. Ussuriysky Nature Reserve. Komarovskoye forestry. Ussuriysk urban district.
27.05.2010. Photo by M. Maslov

Puc. 4. A — ceroaeTox usw0psi, MUTAIUIACI KOPOIl UABMa AOTACTHOTO. YCCYPUIICKUI
3anoBepAHMK. CyBopoBckoe AecHuyecTBo. llIkoTtoBckuit panoH. 18 ampeas 2010 r.
@oronroByuika Leaf River; B — moaoa0l camel] u300psi o0bepaeT KamMOuil ¢ KpyImHOTO
JMIAbMa AOIACTHOTO. YCCYpUICKUII 3at0oBeAHUK. KoMapoBcKoe AeCHMYeCTBO. YCCYypUIICKUM
ropoackoit okpyr. 21 mapra 2021 r. @ororoBymka Bushnell; C — HayuHbII cOTpyAHUK
OCMaTpMBaeT TPYIIITY MOAOABIX MABMOB AOIACTHBIX, C KOTOPBIX M3I00pU 0OBEAU KOpY.
Yccypuiickuir 3anoBepHUK. CyBopoBcKoe AecHuyecTBO. lIIKoTOBCKMIT paiioH. 13 ampeas
2010 r. ®oro M. MacaoBa; D — HayuHbII1 COTPYAHUK OCMAaTpUBAaeT MAbBM AOMACTHOM, Ha
KOTOPOM HAaOAIOAAIOTCSI CAEABI 00T PhI3aHMS U3I00peM KOPbI pa3HOV AQBHOCTU. YCCYPUICKUIA
3anoBepHMK. KoMapoBcKoe AecHMYeCTBO. YCCYpUMCKUIT TOPOACKOM OKpyT. 27 mas 2010 r.
®orto M. MacaoBa
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Fig. 5. Young Ulmus laciniata debarked by Cervus elaphus xanthopygos. “The Udege Legend”
National Park. Krasnoarmeysky district. 2.06.2021. Photo by D. Belyaev

Puc. 5. MoAOAOJI ABM AOTIACTHOV C 00bEAEHHON 13I00peM Kopoit. HaljoHaABHBIN MapK
«Yparerickas AereHpa». KpacHoapmerickuit parnoH. 2 utonst 2021 r. ®oto A. beasieBa
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Apparently, red deer is generally charac-
terised by geographical variability in food
preferences, even within the same subspecies.
Thus, the bark of the white fir is preferred by
deer in the Polish part of Bialoweza Prime-
val Forest and the Carpathians (Ggbczynska
1980; Jamrozy 1980), but at the same time it
is among the least preferred tree species in
Germany (Gill 1992a) and Austria (Vospernik
2006). European beech is rarely eaten in the
Polish Carpathians (Jamrozy 1980) or in Aus-

Amurian Zoological Journal, 2022, vol. XIV; no. 2

tria (Vospernik 2006), but its bark is readily
eaten by red deer in north-eastern France and
Serbia (Gaci¢ et al. 2012; Saint-Andrieux et
al. 2009; Verheyden et al. 2006). The bark of
the European spruce is scarcely eaten by deer
in the Belarusian part of Bialoweza Primeval
Forest (Sablina 1959), whereas in other parts
of Europe it is one of their favourite fodders
(Gill 1992a; Verheyden et al. 2006). In Aus-
tria, red deer prefer the bark of European
spruce and common ash, but do not like the
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bark of Scots pine and poplar, as in other Eu-
ropean countries (Vospernik 2006). The bark
of the European hornbeam Carpinus betu-
lus Grossh. is readily eaten by deer in Serbia
and Slovakia (Gaci¢ et al. 2012; Nevrelova,
Ruzi¢kova 2015), but is not eaten in Belarus
(Sablina 1959). It is interesting to note that in
our sample plot Carpinus cordata was one of
the main second story species of the stand,
but none of the trees of this species had its
bark stripped by red deer.

Bark stripping is unusual for the North
American wapiti Cervus elaphus roosevelti
Merriam and C. e. nelsoni (Erxleben) (Gill
1992a). In the USA and Canada, bark damage
was only noted in the quaking aspen Populus
tremuloides Michx. and in willows Salix sp.,
mainly in the places of wapiti concentration in
winter, for example, near feeding spots (Black
1994; Burleigh et al. 2014; De Byle 1985; Dol-
beer et al. 1994).

It should be noted that red deer only en-
gage in bark stripping for a fairly short period
of time; however, the data differ both between
different regions and between tree species.
Often, the deer start eating the bark in spring
and continue to do so throughout summer,
however, bark stripping in summer is mostly
confined to European beech, as its bark is eas-
ier to detach from the trunk in summer (Gaci¢
et al. 2012; Kurek et al. 2019; Saint-Andrieux
et al. 2009; Verheyden et al. 2006). The bark
of other tree species is usually eaten by deer
in autumn and winter (Ggbczynska 1980; Gill
1992a; Nevrelova, Ruzickova 2015; Sablina
1959). In the south of the Far East, red deer
start eating tree bark in late autumn (Bromley,
Kucherenko 1983; Gaponov 2006; Kaplanov
1948). In winter, they stop bark stripping, be-
cause at this time the bark freezes, and it is
quite difficult to tear it from the trunk. In ad-
dition to that, it is likely that Cervus elaphus
xanthopygus ceases to eat bark in winter due to
the bark’s poorer thermal properties, given the
amount of frozen water in it (Kaplanov 1948;
Mikhailovsky 1975). After that, bark feeding
resumes in spring, when the bark thaws in
the sun, and continues until the appearance
of green fodder (Bromley, Kucherenko 1983;
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Kaplanov 1948). In our case, it is clear that the
deer debarked elms in late winter and early
spring. This is evidenced by the light colour
of the exposed wood, clearly visible from afar.
Over time, the debarked surfaces darkened,
and by summer it became difficult to identify
the damaged trunks. This is also evidenced by
the large number of winter excrement of Cer-
vus elaphus xanthopygus found on the sample
plot. When visiting this area of the forest in
the summer, we did not find any fresh bark
damage.

Tree size and age also affect the prefer-
ence of red deer for them (Gill 1992a, b). As
a rule, deer prefer to peel bark from small
trees, because it is thinner and less coarse in
young trees. As a rule, the bark is stripped
from trees with DBH of 4-20 cm at the age
of 20 years. Subsequently, debarking intensity
decreases with increasing age of the tree and
thickness and roughness of the bark (Brom-
ley, Kucherenko 1983; Gaci¢ et al. 2012; Gill
1992a; Kurek et al. 2019; Mitchell et al. 1977;
Nevrelova, Ruzickova 2015; Szukiel 1981;
Vospernik 2006). The same trend was ob-
served for sika deer in Japan (Akashi, Na-
kashizuka 1999). However, older trees with
a large trunk diameter are not immune from
bark stripping (Gill 1992a; Kaplanov 1948).

Our data obtained in Primorsky Region
confirm these observations. Manchurian red
deer mainly damage undergrowth and young
trees with DBH 0.5-7.4 cm (M = 3.75 + 0.069)
up to 40 years old. The damaged bark area
in Ulmus laciniata undergrowth was 0.01—
0.45 m*> (M = 0.11 = 0.096 m? n = 249). At
the same time, deer ate more bark from large
trees by area on average when converted to
one tree. The area of damaged bark in adult
Ulmus laciniata was 0.14—-2.20 m*> (M = 1.05 +
0.217 m% n = 10). However, this may be only a
consequence of a small proportion of Ulmus
laciniata in the tree stand: it was easier for the
deer to find more common young trees than
to find large trunks.

There were very few undamaged large trees
in the area — no more than three trees. Ka-
planov (1948) also noted that Cervus elaphus
xanthopygus often peel bark from large elm
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trees with a trunk diameter of up to 50 cm.
The above data is not in line with the data of
Gaponov (1991: 45; 2006: 18), who stated “that
the Manchurian red deer seems to pity the un-
dergrowth of elm and ash tree, allowing it to
grow”. It is possible that the underestimation of
the influence of Cervus elaphus xanthopygus
on undergrowth in this case is associated with
local deer food preferences. In addition to this,
the strips of eaten bark on large trees in the for-
est are much more noticeable than on the un-
dergrowth, creating the illusion of preference
for trees with large diameters.

Further observations are required for the
definitive analysis of the nature of the food
behaviour of the Cervus elaphus xanthopygus
and its effect on the undergrowth and large
trees of Ulmus laciniata in the south of the
Russian Far East.

Acknowledgments

We thank students of Forestry Institute of
Primorskaya State Academy of Agriculture
who helped us with fieldwork. We also thank
Tatiana Timofeyeva who provided language
help.

References

Aghababyan, Sh. M. (1951) Ulmaceae — I'moviye [Ulmaceae]. In: L. V. Larin, Sh. M. Aghababyan, T. A. Rabotnov
et al. (eds.). Kormovye rasteniya senokosov i pastbishch SSSR [Fodder plants of hayfields and pastures of the
USSR]. Vol. 2. Leningrad; Moscow: Agricultural Literature Publ., pp. 61-63. (In Russian)

Akashi, N., Nakashizuka, T. (1999) Effects of bark stripping by sika deer (Cervus nippon) on population
dynamics of a mixed forest in Japan. Forest Ecology and Management, vol. 113, no. 1, pp. 75-82.
http://dx.doi.org/10.1016/S0378-1127(98)00415-0 (In English)

Black, H. C. (1994) Animal damage management handbook. Portland: U. S. Department of Agriculture
Forest Service Publ., 247 p. (In English)

Bromley, G. F.,, Kucherenko, S. P. (1983) Kopytnye yuga Dal’nego Vostoka SSSR [Ungulates of the south
of the Far East of the USSR]. Moscow: Nauka Publ., 305 p. (In Russian)

Burleigh, J., Ebata, T., White, K. J. et al. (eds.). (2014) Field guide to forest damage in British Columbia.
3 ed., rev. Victoria: Crown Publ,, 368 p. (In English)

Caudullo, G., de Rigo, D. (2016) Ulmus — elms in Europe: Distribution, habitat, usage and threats.
In: J. San-Miguel-Ayanz, D. de Rigo, G. Caudullo et al. (eds.). European atlas of forest tree species.
Luxembourg: Publication Office of the European Union Publ., pp. 186—-188. (In English)

Cermak, P, Glogar, J., Jankovsky, L. (2004) Damage by deer barking and browsing and subsequent rots in
Norway spruce stands of Forest Range Mortkov, Forest District Frenstat p. R. (the Beskids Protected
Landscape Area). Journal of Forest Science, vol. 50, no. 1, pp. 24-30. (In English)

Chaus, N. A., Ignatova, N. K. (2008) Chislennost’ kopytnykh-dendrofagov i zapas ikh zimnikh kormov
v yugo-zapadnykh rajonakh Primorskogo kraya [The number of dendrophagous ungulates and
their winter food supply in the south-western regions of Primorsky Krai]. Ussuriysk: Primorsk State
Agricultural Academy Publ., 183 p. (In Russian)

Cui, D,, Liu, Zh., Wang, X. et al. (2007) Winter food-habits of red deer Cervus elaphus alxaicus in Helan
Mountains, China. Zoological Review, vol. 28, no. 4, pp. 383—388. (In Chinese )

Danilkin, A. A. (1999) Olen’i (Cervidae) [Deer (Cervidae)]. Moscow: GEOS Publ., 552 p. (In Russian)

De Byle, N. V., Winokur, R. P. (1985) Aspen: Ecology and management in the Western United States. Fort
Collins: USDA Forest Service Publ., 283 p. https://doi.org/10.2737/RM-GTR-119 (In English)

Dezhkin, V. V., Kaletsky, A. A. (1973) Pod pologom lesa [Under the canopy of the forest]. Moscow:
Lesnaya promyshlennost’ Publ., 160 p. (In Russian)

Dinesman, L. G. (1959) Vrednaya deyatel'nost’ kopytnykh v leskhozakh SSSR [Harmful activity of
ungulates in forestry enterprises of the USSR]. In: Soobshcheniya instituta lesa. Vyp.13. Rol’ dikikh
kopytnykh zhivotnykh v lesnom khozyajstve [Proceedings of Forest Institute. Iss. 13. The role of wild
ungulates in forestry]. Moscow: USSR Academy of Sciences Publ., pp. 5-25. (In Russian)

Dinesman, L. G. (1961) Vliyanie dikikh kopytnykh na formirovanie drevostoev [The influence of wild
ungulates on the formation of stands]. Moscow: USSR Academy of Sciences Publ., 294 p. (In Russian)

Dolbeer, R. A., Holler, N. R., Hawthorne, D. W. (1994) Identification and assessment of wildlife damage:
An overview. Lincoln: University of Nebraska Publ., 18 p. (In English)

Dunin, V. E, Yanushko, A. D. (1979) Otsenka kormovoj bazy losya v lesnykh ugod’yakh [Assessment of the
moose forage base in forest lands]. Minsk: Uradzhay Publ., 95 p. (In Russian)

Elsky, G. M. (1975) Kachestvennaya otsenka lesnykh mestoobitanij kopytnykh zhivotnykh [Qualitative
assessment of forest habitats of ungulates]. Lesnoe khozyajstvo, no. 1, pp. 66—69. (In Russian)

Amurian Zoological Journal, 2022, vol. XIV; no. 2 355


https://www.sciencedirect.com/science/article/abs/pii/S0378112798004150?via%3Dihub

Bark of Ulmus laciniata (Trautv.) Mayr in the diet of Cervus elaphus xanthopygus (Milne-Edwards)

Gaci¢, P. D, Danilovi¢, M., Zubi¢, G., Cirovi¢, P. (2012) Bark stripping damage by red deer (Cervus
elaphus L.) in the fenced rearing centre “Lomnicka reka” Glasnik Sumarskog fakulteta — Bulletin
of the Faculty of Forestry, vol. 105, pp. 35—50. http://dx.doi.org/10.2298/GSF1205035G (In English)

Gaponov, V. V. (1991) Optimal'naya chislennost’ izyubrya v Ussurijskikh lesakh [Optimal number of the
Manchurian red deer in the Ussuri forests]. Lesnoe khozyajstvo, no. 5, pp. 44—45. (In Russian)

Gaponov, V. V. (2006) Nauchnye osnovy uvelicheniya chislennosti kopytnykh na yuge Dal'nego Vostoka
[The scientific basis for increasing the number of ungulates in the south of the Far East]. Vladivostok:
Dal’'nauka Publ., 52 p. (In Russian)

Ggebczynska, Z. (1980) Food of the roe deer and red deer in the Bialowieza Primeval Forest. Acta
Theriologica, vol. 25, no. 40, pp. 487-500. https://doi.org/10.4098/AT.ARCH.80-44 (In English)

Gebert, C., Verheyden-Tixier, H. (2001) Variations of diet composition of Red Deer (Cervus elaphus
L.) in Europe. Mammal Review, vol. 31, no. 3—4, pp. 189-201. https://doi.org/10.1111/j.1365-
2907.2001.00090.x (In English)

Gill, R. M. A. (1992a) A review of damage by mammals in north temperate forest: 1. Deer. Forestry,
vol. 65, no. 2, pp. 145-169. https://doi.org/10.1093/FORESTRY%2F65.2.145 (In English)

Gill, R. M. A. (1992b) A review of damage by mammals in north temperate forest: 3. Impact on trees and
forests. Forestry, vol. 65, no. 4, pp. 363—388. https://doi.org/10.1093/FORESTRY%2F65.4.363-A (In English)

Higa, M., Kawanishi, M., Kubo, M., Sakio, H. (2020) Temporal changes in browsing damage by sika deer in a
Natural Riparian Forest in Central Japan. In: H. Sakio (ed.). Long-term ecosystem changes in riparian forests.
Niigata: Niigata University Publ., pp. 163—178. http://dx.doi.org/10.1007/978-981-15-3009-8_9 (In English)

Jamrozy, G. (1980) Winter food resources and food preferences of red deer in Carpathian forests. Acta
Theriologica, vol. 25, no. 17, pp. 221-238. https://doi.org/10.4098/AT.ARCH.80-17 (In English)

Kaji, K., Saitoh, T., Uno, H. et al. (2010) Adaptive management of sika deer populations in Hokkaido,
Japan: Theory and practice. Population Ecology, vol. 52, no. 3, pp. 373—387. https://doi.org/10.1007/
$10144-010-0219-4 (In English)

Kaplanov, L. G. (1948) Tigr. Izyubr’ Los’ [ Tiger. Manchurian red deer. Moose]. Moscow: Moscow Society
of Naturalists Publ., 125 p. (In Russian)

Kaznevsky, P. F. (1959) Vzaimootnosheniya lesa i nastoyashchikh olenej v zapovednikakh SSSR [The
relationships between forest and deer in the nature reserves of the USSR]. In: Soobshcheniya instituta
lesa. Vyp. 13. Rol’ dikikh kopytnykh zhivotnykh v lesnom khozyajstve [Proceedings of Forest Institute. Iss. 13.
The role of wild ungulates in forestry]. Moscow: USSR Academy of Sciences Publ,, pp. 25-32. (In Russian)

Kon’kov, A. Yu. (2015) Zimnij vetochnyj ratsion olen’ikh (Cervidae) v kedrovo-shirokolistvennykh lesakh
yuzhnogo Sikhote-Alinya [Winter browse diet of cervids in the Pinus koraensis-broad-leaved forests
of the Southern Sikhote-Alin]. Izvestiya Irkutskogo gosudarstvennogo universiteta. Seriya: Biologiya.
Ekologiya — The Bulletin of Irkutsk State University. Series “Biology. Ecology”, vol. 14, pp. 21-31. (In Russian)

Koryakin, V. N. (ed.). (2010) Spravochnik dlya ucheta lesnykh resursov Dal’nego Vostoka [Handbook
for accounting of forest resources of the Far East]. Khabarovsk: Far-Eastern Forestry Institute Publ,,
527 p. (In Russian)

Kurek, T., Todys, J., Pazdrowski, W. et al. (2019) Intensity of stripping and sugar content in the bark and
the bast of European beech (Fagus sylvatica). Open Life Sciences, vol. 14, no. 1, pp. 19-28. https://doi.
org/10.1515/biol-2019-0003 (In English)

Makovkin, L. L. (1999) Dikij pyatnistyj olen’ Lazovskogo zapovednika i sopredel’nykh territorij [ The sika
deer of Lazovsky reserve and surrounding areas of the Russian Far East]. Vladivostok: Russky Ostrov
Publ., 133 p. (In Russian)

Martynov, A. N. (1984) O metodike opredeleniya pokazatelya vstrechaemosti podrosta [About the
methodology for determining the indicator of the occurrence of undergrowth]. Lesnoe khozyajstvo,
no. 11, pp. 29-32. (In Russian)

Masuko, T., Souma, K., Kudo, H. et al. (2011) Effects of the feeding of wild Yeso sika deer (Cervus nippon
yesoensis) on the prevention of damage due to bark stripping and the use of feeding sites. Animal Science
Journal, vol. 82, no. 4, pp. 580-586. https://doi.org/10.1111/j.1740-0929.2010.00863.x (In English)

Michael, E. D. (1987) Bark stripping by white-tailed deer in West Virginia. Northern Journal of Applied
Forestry, vol. 4, no. 2, pp. 96—97. https://doi.org/10.1093/njaf/4.2.96 (In English)

Mikhailovsky, B. A. (1975) Osenne-zimnie korma izyubrya na Srednem Sikhote-Aline [Autumn-winter food
of Manchurian red deer on the Middle Sikhote-Alin]. In: Shornik nauchno-tekhnicheskoj informatsii.
Okhota, pushnina, dich! Vyp. 49-50 [Collection of scientific and technical information. Hunting, furs,
game. Iss. 49-50]. Kirov: Institute of Game Management and Fur Farming Publ,, pp. 71-78. (In Russian)

Miquelle, D. G., van Ballenberghe, V. (1989) Impact of bark stripping by moose on Aspen-Spruce
Communities. The Journal of Wildlife Management, vol. 53, no. 3, pp. 577-586. https://www.doi.
org/10.2307/3809179 (In English)

356 https://www.doi.org/10.33910/2686-9519-2022-14-2-345-357


https://esj-journals.onlinelibrary.wiley.com/doi/abs/10.1007/s10144-010-0219-4
https://www.degruyter.com/document/doi/10.1515/biol-2019-0003/html
https://www.jstor.org/stable/3809179?origin=crossref

D. A. Belyaev, M. V. Maslov

Mitchell, B., Staines, B. W., Welch, D. (1977) Ecology of red deer. A research review relevant to their
management in Scotland. Cambridge: Institute of Terrestrial Ecology Publ., 74 p. (In English)

Nevrelova, M., Ruzi¢kovd, J. (2015) Woody plants affected by ungulates in winter period, impacts and
bark renewal. Ekologia, vol. 34, no. 3, pp. 235-248. https://doi.org/10.1515/eko-2015-0023 (In English)

Sablina, T. B. (1959) Adaptivnye osobennosti pitaniya nekotorykh vidov kopytnykh i vozdejstvie etikh
vidov na smenu rastitel'nosti [Adaptive feeding features of some ungulate species and the impact
of these species on the change of vegetation]. Soobshcheniya instituta lesa. Vyp. 13. Rol’ dikikh
kopytnykh zhivotnykh v lesnom khozyajstve [Proceedings of Forest Institute. Iss. 13. The role of wild
ungulates in forestry]. Moscow: USSR Academy of Sciences Publ., pp. 32—44. (In Russian)

Saint-Andrieux, Ch., Bonenfant, Ch., Toigo, C. et al. (2009) Factors affecting beech Fagus sylvatica bark
stripping by red deer Cervus elaphus in a mixed forest. Wildlife Biology, vol. 15, no. 2, pp. 187-196.
https://doi.org/10.2981/07-100 (In English)

Sheremetyev, L. S., Prokopenko, S. V. (2005) Ekologiya pitaniya parnokopytnykh yuga Dal’nego Vostoka
[Feeding ecology of Far Eastern artiodactyls]. Vladivostok: Dal'nauka Publ., 163 p. (In Russian)

Szukiel, E. (1981) Food preferences of deer in relation to winter fodder including woody plants. Acta
Thereologica, vol. 26, no. 19, pp. 319-330. (In English)

Tikhonov, A. S. (2011) Lesovodstvo. Uchebnik dlya vuzov [Forestry. Textbook for universities]. Kaluga:
Oblizdat Publ., 332 p. (In Russian)

Tsyndyzhapova, S. D., Rozlomy, N. G., Glushuk, S. V. (2020) Otsenka kormovykh svojstv obshchedostupnykh
okhotnich’ikh ugodij dlya dikikh kopytnykh v Lesozavodskom rajone Primorskogo kraya [The assessment
of fodder properties of public hunting grounds for wild hoofed animals in Lesozavodsky district of
Primorsk region]. Vestnik Krasnoyarskogo gosudarstvennogo agrarnogo universiteta — The Bulletin of
KrasGAU, no. 10 (163), pp. 117-124. https://doi.org/10.36718/1819-4036-2020-10-117-124 (In Russian)

Ukazaniya po proektirovaniyu i tekhnicheskoj priemke rabot po lesovosstanovieniyu i vyrashchivaniyu
posadochnogo materiala. Utverzhdeny Federalnoj sluzhboj lesnogo khozyajstva 1 avgusta 1997
[Engineering and technical acceptance guidelines for works on forest restoration and cultivation of seeding
material. Approved by the Federal Forestry Service of the Russian Federation on August, 1 1997]. (1997)
[Online]. Available at: https://www.dokipedia.ru/document/5172296 (assessed 26.03.2022). (In Russian)

Uno, H., Kaji, K., Tamada, K. (2009) Sika deer population irruptions and their management on
Hokkaido Island, Japan. In: D. R. McCullough, S. Takatsuki, K. Kaji (eds.). Sika deer: Biology and
management of native and introduced populations. Tokyo: Springer Publ., pp. 405-419. http://
dx.doi.org/10.1007/978-4-431-09429-6_29 (In English)

Vasiliev, N. G. (1986) 1I'm [Elm]. Moscow: Agropromizdat Publ., 88 p. (In Russian)

Verheyden, H., Ballon, Ph., Bernard, V., Saint-Andrieux, Ch. (2006) Variations in bark-stripping by
red deer Cervus elaphus across Europe. Mammal Review, vol. 36, no. 3, pp. 217-234. http://dx.doi.
org/10.1111/j.1365-2907.2006.00085.x (In English)

Vospernik, S. (2006) Probability of bark stripping damage by red deer (Cervus elaphus) in Austria. Silva
Fennica, vol. 40, no. 4, pp. 589—-601. http://dx.doi.org/10.14214/s£.316 (In English)

Yevtushevsky, N. N., Mamenko, A. M. (2013) Vliyanie olenej (Cervidae) na lesnye kul’tury [ The influence
of deer (Cervidae) on forest plantations]. Uchenye zapiski uchrezhdeniya obrazovaniya “Vitebskaya
ordena ‘Znak pocheta’ gosudarstvennaya akademiya veterinarnoj meditsiny” — “Transactions of the
educational establishment ‘Vitebsk the Order of the Badge of Honor’ State Academy of Veterinary
Medicine”, vol. 49, no. 2-2, pp. 43—46. (In Russian)

Yokoyama, M., Kaji, K., Suzuki, M. (2000) Food habits of sika deer and nutritional value of sika deer
diets in eastern Hokkaido, Japan. Ecological Research, vol. 15, pp. 345—355. https://doi.org/10.1046/
j.1440-1703.2000.00355.x (In English)

Zhang, M, Liu, Zh.,, Teng, L. (2013) Seasonal habitat selection of the red deer (Cervus elaphus alxaicus)
in the Helan Mountains, China. Zoologia, vol. 30, no. 1, pp. 24—34. http://dx.doi.org/10.1590/S1984-
46702013000100003 (In English)

For citation: Belyaev, D. A., Maslov, M. V. (2022) Bark of Ulmus laciniata (Trautv.) Mayr in the diet of Cervus
elaphus xanthopygus (Milne-Edwards). Amurian Zoological Journal, vol. X1V, no. 2, pp. 345—357. https://www.
doi.org/10.33910/2686-9519-2022-14-2-345-357

Received 5 April 2022; reviewed 30 April 2022; accepted 3 May 2022.

Arsg yumuposanus: beasies, A. A., Macaos, M. B. (2022) Kopa nabma aonactHoro Ulmus laciniata (Trautv.)
B nutaHuu uswbps Cervus elaphus xanthopygos (Milne-Edwards). Amypckuii 300102uneckui wypHaa, T. X1V,
Ne 2, c. 345-357. https://www.doi.org/10.33910/2686-9519-2022-14-2-345-357

Iloayuena 5 anipeast 2022; mpouraa perieHsuposaHue 30 anpeas 2022; npuxsaTa 3 masg 2022.

357


https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2907.2006.00085.x
https://esj-journals.onlinelibrary.wiley.com/doi/abs/10.1046/j.1440-1703.2000.00355.x
https://www.doi.org/10.33910/2686-9519-2022-14-2-345-357

