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The Foed Habits of Deer in the Biatlowieza Primeval Forest*

|With & Tables & 10 Figs.)

Observations were made twice every month over a period of three
years, in & different forest associations, of the traces left by roe deer Ca-
preolus capreolus and red deer Cervus elaphus in visiting and feeding
in 60 experimental areas (3 ha), The extent of feeding of the animals
on different species of plants was examined and also variations in food
preferences depending on the ecosystermn, age class of the tree stand,
phenclogical season and abundance o¢f the varicus species of plants.
The food of deer includes all species of trees, and dwarf-shrubs, and
63%0 of the species of dicotyledonous forbs, grasses and sedges occurr-
ing in the experimental areas. Trees included in the basic food of
deer are Carpinus betulus, Frarinus excelsior, Quercus robur and Salix
caprea, while ihe dicotyledonous forbs most comenonly eaten are Rao-
nunculus repens, Caltha palustris, Filipendula ulmaria, Aegopodium
podagraria and Impeatiens noli-tangere. There is a relation between the
abundance of a given plant in the area and the intensity with which
the deer feed on it; the Breater the coefficient of abundance of a plant,
the Breater the percentage it forms in the animals' diet. The deer's
intensity of feeding varies over the course of the year, with distinct
intensification in summer and winter, and depressions in spring and
autumn, Summer intensification of feeding is connected with the
greater variety of species in the animals’ diet, while the winter inten-
sification affects only a small number of species, chiefly trees. During
the winter trees form 85—95% of the animals’' food. Deer feed chiefly
on the younger age classes of tree stands, that is, plantations and
thickets, Preferences for the different age classes varies, however, over
the course of the year and is characteristic of the different ecosystems,
Dicotyledonous forbs are particularly preferred in the generative
stage. One of the ways in which deer obtain food is by stripping the
bark from trees and shrubs, the species most frequently barked being
Picen excelsa, Tilia cordata, Quercus robur and Fraxinus excelsior.
Examination was made of the connections between the animals’ activity
and intensity of feeding in winter, It was found that there are only
slight differences in the penetration of ecosystems by roe deer and red
deer, but considerable differences in the amount of food consumed in
them by these twa species. Examination was also made of the effect
of the depth of the snow cover on the activity of deer. Snow cover
deeper than 50 cm limits the roe deer’s activity, and deeper than 80 om
that of the red deer.

* Praca rostala zrealizowana w ramach problemu wezlowego 09.1.7. koordynowa-
nego przez Instytut Ekologii PAN,
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1. INTRODUCTION

The role of wild ungulates in man’s management of nature is gener-
ally known, It is only really comprehensive studies, taking into consi-
deration the biology of ungulates on the one hand, and on the other the
habitat in which these animals live, which can form a basis for rational
management, The Bialowieia Primeval Forest forms a particularly va-
luable object for such studies, as in the first place, despite the forest
management activities carried out in it, it has retained its character of
a relatively primeval forest, and in the second it harbours the three
largest European species of ungulates, the European bison, the moose
and the red deer. Roe deer and wild boar also occur there in large
numbers, These conditions provide an opportunity for making complex
studies on the role of these animals in forest ecosystems. A basis for ra-
tional management of ungulate populations is obtained by, inter elie,
ascertaining the food requirements of the various species and defining
the habitat’s capacity for supplying such food. The present paper is con-
cerned with two species of ungulates: the roe deer and the red deer.
The food preferences of the European bison have been discussed sepa-
rately (Borowski & Kossak, 1972), while the moose, on account
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of the small numbers in which it occurs in the Bialowieza Forest, has
not been included in such studies,

The purpose of this study was to make an exhaustive examination of
the food habits of Cervidae in relation to the habitat. There can be no
doubt that these relations are formed by a large number of as yet unin-
vestigated factors. It is sufficient to mention such factors as: seasonal
variations in accessible food, type of habitat in which the given animals
live, abundance and accessibility of plants which can form their food,
the animals’ food requirements and preferences, depending, inter alia,
on the individual's age and physiological state, and competitive inter-
and intraspecific relations. It is for this reason that in dealing with the
food preferences of deer attention has been paid to the following aspects:
the degree to which deer make use of the plants species occurring in
the area, taking into account their abundance, variations in food pre-
ferences depending on the type of biotope and age of the tree stand and
also the season, the relation between food preferences and the structure
of phytocenoses and seasonal rhythm of the development of plants.
Examination has been made of differences between roe deer and red
deer in respect of preferences for different ecosystems, treating this as
an introduction to studies on the competition between these gpecies.

2. STUDY AREA

The results of studies presented in this paper are concerned with the food
relations of deer within the forest complex of the Bialowieza Primeval Forest,
which occupies an arra of approximately 1.250 km? It lies between 23°31° and
24°21° £ and 52°20° and 52957 N. The climate of the Forest is defined as a sub-
continental forest climate of the cool temperature zone. The flora of the Forest
is composed od 990 species of plants, 26 of which are trees and 55 shrubs and
dwarf shrubs. Subcontinental oak-hornbeam forests predominate in the Forest
{47.2% of forest area} and mixed coniferous forest (26.4% of forest area).

The Bialowieia Forest has been subject to human activities for many centuries
and consequently (with the exception of the National Park 4,747 ha in area) has
the character of a cultivated forest, and can thus be rezarded as an only relatively
natural forest complex (Falinski, 1968),

Ungulates in the Forest includes wild boar Sus scrofa Linnaeus, 1738, red
deer Cervus elaphus Linnaeus, 1758; roe deer Capreolus caepreolus (L.in-
naeus, 1758); and since 1952 — European bison Bisen bonasus (Linnaeus,
1758). Since 1969 the moose Alces alces (Linnaeus, 1758) has occurred in the
Forest.

3. MATERIAL AND METHODS

Studies on the food relations of roe deer and red deer were carried out for
three full vears (1968—1971), The composition of the animals’ food was examined
on the basis of analysis of the traces left by wild animals feeding in an open area
included in normal forest management,
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A total 60 experimental areas were set up, in the following 6 forest associa-
tions: P—P — continental pine forest (Peucedano-Pinetum Mat. 1962): P—Q —
continental pine-oak mixed forest (Pino-Quercetum Kozl. 1925); C—Q — mixed
pine and oak forest (Celamagrostio-Quercetum (Hart. 1934) Scam. 1959); T—C, —
typical subcontinental oak-hornbeam forest (Tilio-Carpinetum typicum Tracz, 1962);
T—C, — a lowland subcOntinental oak-hornbeam forest (Tilio-Carpinetum sta-
chyetosum Tracz, 1982; and in C—£ — an alder-ash alluvial (forest (Ciraeo-Alne-
tum Oberd. 1953) (Table 1), allocating of 60 experimental areas of the 10 of such
to each association (Fig. 1).

+ Expenimental area

L) [
— S et

Fig. 1. Map of the Bialowieia Forest illustrating the distribution
of the study areas.

The dimensions of one area were 10X50 m in the first year, but in ihe subsequent
years, on account of the excessive amount of labour involved in the studies, these
areas were reduced in size to 2X50 m. In the various forest associations the ex-
perimental areas were situated in tree stands in four age classes: a plantation {(age
of tree stand 2 —¢§ years), thicket (8 — 15 years), peole-sized stand (40 —60 years)
and timber stand (80 years and over).

In order to define the abundance of occurrence of the different plant species
in the experimental areas, an exact botanical record was made twice {October—
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November 1968 and June 1989 for the area, together with lists of plants, The
coefficient of abundance of occurrence for the different plant species (D) was
obtained by means of the phytosaciological surveys made in June 1969, calculation
being made (using the Braun-Blanquet scale) of the percentages formed by the
different species in each experimental plot. The data obtained in this way were
referred to Braun-Blanguet’s equation (1946, 1951) giving the value of the abun-
dance coefficient D (Deckungswert):

Sum toial of average percentages of cover in all survays

Number of surveys

The areas were inspected twice a month, giving a total of 4,320 inspections
from LUecember 1968 to Nevember 1971, Lasting traces of feeding by deer and
European bison were marked on various individual planis {cropping of leaves and
shoots, strapping of bark), One unit of feeding was held to be cropping or eating
the leaves from 1 shoot of a tree, shrub or dwarf-shrub, cropping 1 tuft of grass
or sedge, grazing 1 dem?® of grass or sedge on the ground, consumption of 1 indi-
vidual {whole or part) of a dicotyledonous forb, Barking was calculated in cm® of
bark stripped from the trunk.

Table 1

Types of forest associations in which studies were made on the
food relations of deer.

Phytosociclogical terminclogy of ecosysterns

after Matuszkiewicz, 1967 Abbreviation
Peucedano—Pinetum (Mat., 1962) P—P
Pino—Quercetum (Kozl, 1925) P—@
Calamagrostio—Quercetum (Hartm. 1934) (Scam. 1959) C—@
Tilio—Carpinetum typicum (Tracz. 1962) T—C,
Tilio—Carpinetum stachyetosum (Tracz., 1962) T—C,
Circaeo—Alnetum {(Oberd. 1953) C—A

As units of ffeding recorded in this way differed markedly from each other
in respect of mass, endeavour was made to render them more uniform. For this
purpose, samples were taken near the experimental areas, composed of paris of
plants approximately corresponding to units of feeding by ungulates. The samples
consisted of plants most often eaten by ungulates, dividing them into four groups:
(1) shoots of trees, shrubs and dwarf-shrubs, (2) bark, (3) grasses and sedges,
(4) dicotyledonous forbs, By comparing the dry mass of samples, means of con-
version were obtained making it possible {0 compare cropping and bark stripping
by deer in comparable units of their mass, In further discussions the term »con-
tacle has been used to define this smallest unit of feeding by ungulates. A more
detailed explanation of this method is to be found in an earlier study (Borow-
ski & Kossak, 1872).

The presence of ungulates in the areas was established by means of their tracks
and traces of their feeding, In summer iraces of feeding by roe deer and red deer
were treated jointly, as feeding by deer. Cases in which traces of visits by both
deer and European bison were observed wetre not taken into account, in view of
the fact that the authors were unable to determine what part of the food con-
sumed in such cases uad been eaten by bison and what by deer. This made it
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possible to avoid errors connected with incorrect interpretation of results. The
material obtained over the course of three years has boen treated jointly,

During the whole study period a record was kept of all traces of animals on
the experimental areas, 2iso meteorological data, and in winter additionally the
depth of the snow cover, These data made it possible to define the activities of
roe deer and red deer in winter.

4. FOOD PREFERENCES QF CERVIDAE

In the author’s opinion the composition of the diet of deer depends
on three factors: (1) number of plant species in the area, the accessibility
of which provides the possibility of the animal’s making use of them,
(2) likelihood of the animal's encountering the given species of plant
capable of forming its food, This easiness of access is largely dependent
on the abundance of the plant in the area, (3} the animal’s preferences

Table 2

Comparison of the number of plant species occurring in the diet of deer (n?)} with
ihe number of Dlant species found in the study arecas {(n",.

¢ Trees, shrubs and dwarf-shrubs Dicotyledonous forbs and grasses
Ecosystern n' n? n' n? n?*/n' ¥ 100,%
P—pP 19 23 64 16 25
P—Q 26 27 104 58 56
Cc—Q 21 24 85 71 83
T—C, 18 28 82 64 8
T—C, 2 26 g2 55 67
C—A 22 235 a1 49 60
Total 37 36 217 137 63

connected with, ¢.g. the taste values of plants, the animal's requirements

for given components etc,
An aitempt was made at tracing the influence of these factors on the

food preferences of deer,

4,1, Number of Plant Species in the Arca znd Composition of the Animals’ Diet

In order to obtain an idea of the extent of the food preferences of
deer comparison was made of the number of plant species growing in
the experimental areas in the various ecosystems, with the number of
species recorded in the animals’ diet (Table 2). In the case of irees,
shrubs and dwarf-shrubs a combined number of 37 species grew in the
areas, 36 species of which were found in the animals’ diet. When con-
sidering the various ecosystems separately, the number of species record-
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Ecosystem P—P P—Q C—Q T—C, T—C, c—A Total
Species n 8y D n o/n D n % D n 0/ D n s D n 8/ D n % D
TREES, SHRUBS AND DWARF-SHRUBS
1. Carp?mxs betulu_s L. 304 0.1 10 7056 135 30 45112 391 135 37645 44.8 370 14114 189 260 4924 8.8 25 109155 257 138
2. Fraxinus excelsior L. — — —_ —_ —_ — 199 0.2 + 1183 14 174 32128 454 345 20355 36.4 290 33861 127 140
3. Qﬂ.E_'mu.s robur L, 238 0.5 220 4292 8.2 125 27701 9. 1135 9396 112 50 943 13 85 93 — 25 37663 89 100
4, Sqlaa: caprea L., 208 0.5 + 13998 267 38 524} 5.4 45 11011 131 145 133 0.2 -+ 9 —_ + 31602 7.4 33
5. Pz’cea excelsa (Lam.) Lk, 128 0.3 915 858 1.6 710 8641 3.7 D] 4205 5.0 110 3579 5.1 50 6934 124 20 22345 53 328
8. Pinus silvestris I. 12656 278 745 T340 14.0 150 388 0.3 14 — — — — — — —_ —_ —_ 20385 4.8 151
7. Corylus_ avellang L. 681 1.5 10 870 1.% 10 2830 2.5 75 3361 4.0 63 5588 7.8 110 6397 115 225 19727 4.7 83
8. Rju!ms tdaeus L. 93 —_ 13 931 1.8 80 1528 1.3 75 4425 5.3 160 anig 8.1 195 3796 8.8 283 16512 3% 130
9. Tzlza‘cqrdata Ml 171 0.4 + 2323 4.8 10 5040 4.4 420 5777 9 105 1203 1.9 10 623 1.1 10 15337 36 93
10. Vaceinium myrtillue L. 106223 223 1823 4509 8.6 1085 476 0.4 200 —_— —_— —_ —_ —_ —_ — — —_— 15208 386 518
11. Betula verrucosae Ehrh. 1702 N 35 3085 5.6 400 8941 1.9 395 1064 1.3 180 131 0.2 10 g — 30 14912 3.5 183
12, Betula pubescens Thrh. 1737 3.8 30 2485 47 15 8947 1.9 20 T3 —_ + 3 — - _ —_— — 13245 3.1 11
13, Calluna vulgaris (L) Salisb. 8807 192 145 64 0.1 10 _— — — — — — — — — — — — 8871 2.1 26
14, Salix cinerea L. 299 0.7 25 1788 3.4 20 1523 1.7 25 4178 5.0 35 487 0.7 5 96 —_ 10 BT70 21 20
15. Cytisus nigricans L. 6696 14.6 45 209 086 10 — — — — — —_ — — — — — — 6995 16 10
16, Ulmus laevis Poll. —_— —_ —_ 29 — + 626 0.5 5 200 0.2 - 2926 41 20 1755 3.1 20 5538 1.3 8
17. Populus tremula L., 305 0.7 a5 684 1.3 20 2120 1.8 45 1111 1.3 45 267 0.4 i5 58 —_ - 4545 11 27
18. Prunus padus L. —_ —_ — 9 _ + — —_ —_ —_ — —_ — — — 3471 6.2 70 3480 0.8 11
19. E'{Jonymus europuea L, 28 — + 3 — -+ —_— — — 15 —_ 5 1685 2.4 55 1734 31 25 3466 0.3 14
20. Eibes nigrum L. — — — - — — —_ — — — —_ 12 — + 1998 38 15 2610 4.5 23
21. Sorbus acucuparia L. 429 0.8 440 641 1.2 15 35 — 15 29 —_ -+ 64 — 25 641 1.1 25 1839 0.4 20
22. Alnus glutinosa (1) Gaerth. — — —_ 49 — 5 134 0.8 5 —_ —_ — 116 0.2 45 183 0.3 215 1082 0.3 45
23. Frangula alnus Mill. 856 1.8 55 6 — 5 —_ —_ -—_ 6 —_ 4 — — _ 447 0.8 10 1315 0.3 18
24. Ulmus campestris L. i5 + — — —_ — — —_ — —_ — 145 0.2 + 725 1.3 -+ 885 0.2 7
25, Malus silvestris (L) Mill, —_ — 5 139 0.3 13 252 0.2 10 —_ _ 10 448 08 10 — —_ —_— 797 0.2 8
28. Acer platanoides L, — —_ 5 9 _ 15 2585 0.2 20 171 0.2 36 208 0.4 a0 15 — 18 743 0.2 28
27. U}mus scabra Mill. — — — — —_ —_ 87 — - 3B — 15 444 0.7 + 189 0.3 5 735 0.2 3
28, Viburnum opulus L. —_— _ —_ 270 0.5 10 26 — 3 —_ —_ 5 64 _ 5 1186 21 45 15486 0.4 12
29. Evonymus verrucosa Scop. 217 0.5 3 — — —_ — — a9 —_ ] 194 0.3 + 119 0.2 -+ 832 0.1 1
30. Rubus saratilis L. 8 — 125 302 0.6 175 162 0.1 260 23— + 6§ 15 - 5 502 0.1 98
31. Rubus fruticosus L. 3 — + o 3 — + —_ - — 151 0.2 5 — = — 87 1
2t Pirus communis L. —_ —_ — 81 0.2 5 [/ — —_ — — — — — — — —_ — 148 1
23. Juniperus communis L. 110 0.2 10 — - 5 —_ _ —_ — — — —_ — — — —_ — 110 2
24 Cornrus mas L. — — — _— — — — —_ — — — -— 8 — . 58 — 14 64 2
33. Lonicera xylosteum L. —_— — — — — —_ — —_ — — — — — — - 32— + 32 +
368. Vaccinium vitis-ideee L. 3 — — — —_ — -7 — —_ —_ —_ — 3
Subtotal . 43020 52325 115313 24005 v TOB0S 55847 424215
DICOTYLEDONCUS FOREBS
. an}ncu!us repens L. — —_ _ —_ —_ —_ 282 3.3 190 198 1.5 45 1181 54 180 10535 36.4 340 12146 162 127
2 Calihg palustris L. - - = = — - - - — — 6323 300 130 3165 109 130 0688 128 45
1 Fiipewduls witigric (L) Maxim. — _ —_ — —_ 50 8.8 5 — _— —_ 1595 7.3 60 3969 13.7 380 6312 9.4 70
i Asoopndine pedagraria L - - = 409 123 10 36: 42 110 3341 255 290 1161 54 170 873 0 90 6145 41 100
= {"ﬁ:z“ﬁ wii-izsgere 1 —_ — — —_ —_ —_ _ — —_ 68 .5 3 2823 1390 BEO 2491 8.6 1710 5388 7.1 287
£ et imevaimnsss I, — _ 132 3.9 15 140% 165 100 15356 119 150 787 3.6 50 455 1.6 45 4333 5.9 67
<. '-.T:‘:r:z Sy I —_ —_ 14 164 4.9 40 935 11.0 110 652 3.0 B35 1296 5¢ 1120 841 29 1745 3888 5.1  TGT
&, C!!"s.'x“': m Seon. —_ — 43 1.2 + —_ —_ — — —_ —_ 1939 8.9 160 791 2.7 100 2773 37 43
9. Gfuea_&:.'.om ixtgxrm Onisz _ —_ 3 0.1 10 105 1.2 30 1249 9.6 380 618 28 175 300 1.7 &0 2475 33 93
10. Ficariz verna Buds —_ —_ 23 a5 -+ 65 0.8 + 2131 16.3 35 85 0.4 10 138 0.5 20 2443 3.2 11
1). Chaerophyllyr hirsutum L. - - el - - = B 946 43 155 1191 41 65 2137 28 43
12, Cirsium arvense (L. Scop. —_ —_ —_ 38 162 0 151 LB 33 1359 104 85 13 0.2 5 63 0.2 5 1928 2.5 25
13. Centaureq jacen L, i : e1 - 18§ M2 15 - = - - = - - - - 1804 2.4 3
14. Geum rivale L. —_ —_ — — -— —_ 23 L3 S R 04 43 89 0.4 50 109 3.8 73 1258 T 28
15. Geniste tinctoria L. 623 66.4 55 330 100 e 128 1.2 20 — —_ _— —_ —_ — —_ _— 5 1079 id 17
18. Lysimachia vulgaris L. 4 0.4 —_ — 5 — —_ i0 i2 a1 - 388 2% 8¢ 476 1.6 20 1078 1.4 17
17. Ane_mone nemorosae L, —_ — — — — 135 39 0.4 30 765 34 438 3 01 230 116 0.4 T0 894 1.2 173
18, Solidago virga-aurea L. 3T 40 75 426  13.0 70 324 4.0 10 21 0.1 -~ 21 01 = — — — 849 1.1 26
19, Crepis paludosa (L.) Mnch. — — — —_ —_ — 132 1.5 a — —_ — 361 17 35 365 1.3 T0 858 1.1 21
20. Renunculus acer L. 5 0.5 15 11 0.3 45 503 5.9 80 1 _ 10 ki 0.3 -+ 30 0.3 + 687 4.9 13
21. Solanum dulcomara 1., _ —_ —_ —_ —_ —_ — —_ — 5 —_— - 191 08 o0 143 1.6 240 839 0.8 48
22. Stachys silvatica 1. —_ _ 33 1.1 5 21 0.2 15 324 2.5 130 189 0.8 80 L) 0.2 5 632 0.8 41
23. Lycopus europaeus L. — — — —_ — _ — —_ — — — — 189 0.9 10 299 1.0 a0 488 0.6 17
24, Phyteuma spicatum L. 26 28 - 21 0.5 10 198 2.3 25 172 1.3 10 —_— —_— — —_ —_ —_ 417 0.5 T
25. Hieracium umbellgtum L. 25 2.7 5 332 100 4+ 4 —_— + —_ _— — — _ — —_— _ — 361 0.5 1
26. Geum urbarum L. —_ — —_ — — 5 111 1.3 i0 148 1.3 25 44 02 10 33 0.1 -+ 341 04 9
27. Myosotis palustris Lam. — — — — —_ —_ —_ — — — —_ — 170 0.8 50 13¢ 05 15 304 0.4 11
28. Lathyrus vernus (L.} Berhuh. —_ —_ 16 72 2.2 60 T8 .9 45 85 0.6 15 2 —_ 5 2 — 5 240 0.3 23
29. Veronica chamaedrys L. — — 45 104 3.1 30 44 0.5 140 5 0.6 135 3 — 25 —_ — 10 228 0.3 73
30, Betonica officinalis L. — — 17 4.5 10 193 2.3 25 _ —_ —_ — — _ —_ — _ 210 0.3 6
31. Ajuga reptans L. —_ —_ — 31 09 25 —_ —_ 45 45 0.3 25 115 0.5 20 —_— —_ 15 185 0.2 22
32. Stellaria nemorum L. — — — — — — — — — 3 - 33 155 0.7 95 35 01 180 193 0.2 58
33. Antriscus silvestris (I} Hoffm. 4 0.4 — 115 235 + 8 01 8 33 02 + 25 01 + — — — 135 0.2 1
34. Lythrum salicarig 1., —_ — — — — —_ — —_ — — — —_ —_ — 5 181 0.6 5 181 0.2 2
35. Lysimachia thyrsiflora L. — — — —_ — —_ —_ — —_ — — — 4 5 172 0.6 15 176 0.2 3
38. Vicia sepium L. — —_ — 6 2.3 25 79 0.9 a0 _— — 5 — — 5 — — — 155 0.2 21
37. Galeopsis tetrahit L. —_ — — 3 0.1 5 1 — — 121 0.8 19 g 0.1 -+ 29 — + 160 0.2 3
38. Itis pseudoacorus 1. — — — — — — — —_ — — — 143 06 5 —_ — —_ 143 0.2 1
39. Cicuta virosa L. — — —_ — — -— — — — — — — — — — 142 05 + 142 0.2 -+
40. Lapsana communis L. — — — 1 — + 21 0.2 + 3 03 + 71 0.3 + — — — 132 0.2 +
41. Mentha equatica L. —_ —_ — —_— —_ _ 9 0.1 + —_ —_ 115 0.5 120 7 —_ 10 131 0,2 22
42, Calamintha vuigaris (L.} Druce — — 80 2.4 25 41 0.5 10 — — 5 — — — 1 — —_ 122 4.2 7
43. Serratula tinetoria L. — — — 39 1.2 50 g2 IRY] 35 —_ — — —_ —_ — — — — 121 6.2 14
44, Pteridium aquilinum (L) Kuhn, — — 70 g 03 110 107 13 85 — — 30 — — — — — — i16 0.1 49
45. Primula officinalis (L.) Mill. — — — 51 1.5 5 60 0.7 45 e — 5 —_ — — — — — 111 0.1 14
46. Rumex acetosella 1. 95 10.1 15 — — 15 —_ — 5 9 0.1 5 —_— — — _ —_ _ 104 0.1 7
47. Melittis melissophyllum L. — — — 52 16 &0 51 0.6 35 — — — — — — — _ — 102 0.1 16
48. Aguilegia vulgaris L., 12 1.2 + 4] 12 45 9 0.1 25 33 0.2 5 —_ —_ —_ — — — 85 0.1 13
49. Scrophularia nodosa L. —_ —_ — w 1.1 15 5 — 10 49 n.4 20 — — —_— — — 5 3| 0.1 8
5¢. Senetio vernalis W. K. 85 91 + - — — — — — — — 5 —_ — — —_ — —_ RS 0.1 1
51. Hepatica nobilis Garsault, —_— — —_ 10 0.3 40 5 -—_ 5 57 0.4 25 —_— 30 5 —_ 5 77 0.1 17
52, Chamaenerion angustifolium — —_ —_ a1 1.0 45 — — 5 41 03 5 — — — —_ — — 74 9
53. Paris quadrifolia L. — — — —_ —_— —_ _ — 15 64 0.5 50 2 — B0 5 —_ 35 71 27
51 Rumex obtusifolius L. — — — — —_ —_ 25 0.3 10 2 — -+ 41 0.3 15 2 — + 70 4
55. Pulmonarig obscurae Dumm. — —_ — 21 0.7 + T 61 4t 20 01 15 20 0.1 5 1 - + 69 10
56. Samicula europaea 1. — — — — — 5 1 — 40 68 0.8 10 — — — — — — 69 9
57. Torilis jeponica (Houtt) D.C. — —_ — 89 21 5 —_ — — — — — — —_ — — —_ —_ 689 1
58. Prumnella vulgaris L. — — — 17 05 -+ § 0.1 + 41 0.2 + —_ — — — — 66 +
59. Majanthemum bifolium —_ —_ 80 20 0.6 215 _— —_ 150 11 0.1 285 34 0.1 110 — —_ 115 65 161
80. Polygonatum multiflorum —_ — — —_ —_ — _ — 3 56 0.4 15 —_ — 20 —_ —_ — 56 7
61. Ranunculus cassubicus L. — — — —_ —_ — —_ —_ - — —_ — 2 — 10 47 0.2 5 56 3
82. Trollius europgeus L. —_ — — — — _ 51 0.6 20 — — — — —_ — - — — a1 3
63, Alisma plantago-aquatice L. — — — — — —_ — — — — — — —_ — 5 49 0z 10 49 3
64. Cardomine amara L. —_ — — — — — — —_ — — — — — — 30 49 0.2 105 49 24
65. Campanulae persicifolia L. — —_ — — — — 12 01 5 33 02 -+ —_ —_ — —_ — — 45 1
66. Dryopteris spinulosa - — — — —_ — — — — 26 0.2 + — — 13 — 20 39 5
67. Dryopteris filix-mas —_ — —_— — — — — —_ _ 21 0.2 - —_ — — 17 — 5 38 1
68. Fragaria vesca L, — — 100 32 1.0 150 P R— 295 L Q— 85 — — 20 — — — 38 108
69. Mycelis muralis {L.) Dumm. 1 0.1 + 4 .1 15 — —_ —_ 3 0.2 10 1 — 5 1 — -+ 38 8
70. Asarum ewropgeum L. — _ — — —_ 5 26 0.3 30 — — i0 b} [— 35 —_ — 35 37 21
71. Thalictrum equilegifolium L. — — — 12 01 5 25 0.3 15 —_ — — — — —_ — — —_ 37 3
72. Cirsium palustre Scop. — —_ — — — 3 — — — — — 10 —_ — 5 30 0.1 10 30 5
73. Chrysosplenium olternifolium L. — — — — — —_ — — — — 70 12 01 135 - 335 29 90
74. Lathyrus laevigatus — — — 1 — + 16 0.2 + - -+ — — — 24 =+
75. Melampyrum nemorosum L. — — — —_ — — 24 03 5 — — — — — — — — — 24 1
76. Lathyrus pratensis 1., — —_ — 23 0.7 15 — — 30 —_— — —_ — — — — —_ — 23 8
T7. Viole silvestris Rchb. — _ 25 1 — 90 —_ —_ 85 22 0.2 25 — — 35 — — 44 23 45
78. Stellaria holostea L. — —_— —_ — — 50 10 0.1 810 —_ — 254 — 135 —_ —_ 10 22 127
79. Athyrium filixz-femina — — — —_ — _ — 5 —_ 35 17 0.1 85 " 50 21 29
80. Erigeron canadensis L. — — 35 8 03 5 — — — 13 01 — - - — — — — 21 7
81. Peucedanum oreoselinum 1212 15 g 03 20 —_ — 5 — — — — - — — — 20 7
82, Geranium Robertianum L. — — — — — — 5 — + 1 — 35 —_ — 105 14 — 115 12&) _4'}_3
83. Campanula trachelium L. — — — — — - 12 01 +O 4 _ +15 _ — 5 — —_ 16 11
84. Hypericum maculatum Cr. - = - 4 01 10 1201 4 - - - — - - 16 2
85. Hieracium Lanchenalii Gmel. — - 5 18 0.5 3 — - - - — _ _ _ _ _ — - 18 13
86. Hieracium pilosella L. — — €5 — — 15 16 0.2 + - _ 5 5 5 — — — 16 10
87, Vicia cracca L. - —_ 8 — - 45 14 0.2 + 2 . 15 — — 5 14 51
= - — 5 1 — 100 11 031 145
88. Asperula odorata L. - o 12 0.1 30 1 — 10 13 7
89. Scutellarie galericulate L. — — — - — - - _1 EO 5 70 — — 370 — — 220 12 256
90. Oxalis acetosella L. - - 30 — — 400 T T~ 5 3 04 5 - 12 3
91. Lychnis flos cuculi L. — — 5 — 0.1 -+ — 5 — — o _ o _ _ — . 12 )
a2, Lilivm miartegon L. - — 3 3 03 25 4 — 35 - 5 —- —_ -  _ 12 17
93. Poientilla recta (L.) Hampe. g 08 13 — — 35 3 — > _ _ 5 5  — 10 4 — + 9 5
94, Stellaria media Vill, - = = - = 10 - = . - - I - 9 2
85. Taraxracum officinale Weh. — — - - - 5 9 0.1 . _ 5 _ _ _ _ —_ —_ 9 b
98. Trifolium arvense L. — — 10 - — 15 9 g‘l "15 _ _ _ — — — — — — 8 3
97. Trifolium pratense L. — — — - — - 8 -1 _ . — _ — — — — — 8 +
98. Succisae pratensis Mnch. — - - - - — 8§ 01 + 4 — 5 — — — — — — a 1
99, Digitelis grandiftora Mill, — -— = 4 01 3 - - — - 60 - — 5 - — — 8 12
100, Dentaria bulbifera L. — — - - - - - - g8 01 5 — — 5 — — — 8 2
101. Allaria officinalis Andrz. — — — — — — - - - _ - . _ — — — — — 7 3
162. Arnica montane L. — — 5 7T 02 5 _'3 — _8-5 — _ _ — — _ — — — 7 50
103. Convallaric majalis L. 2 @2 130 2 M B o 3 20 1T - 1B - — 5 7 23
104. Daphne mezereum L., — — — 3 01 2 - - . _ - _ _ _ — — _ [ +
105, Astragolus glyeuphyllos L. — — — 6 02 + — - - 5 25 - _ 5 1 — + P 5
106. Epilobium montanum L. — — — — — 5 - - — _ _ - & 01 4+ — —_ 40 6 T
107. Galium palustre L. —_ —-— — —_ - - -_6 _ 15 _ _ 10 _ - o _ __ —_ 8 4
108. Vicin silvatica L., - — — - - _ 5 — + _ —_ _ — —_ — 5 +
100. Hedera helix L. - - - - - - - - = 5 1 - - - - = 5 +
110. Jasione montana L. — — — — — - s — 0 _ _ _ — . — — — — 4 2
111. Heracleum sphondylivm L. - - - — - - . _ _ _ — — —_ 4 — + 4 +
112, Sium latifolium L. - - - - . — _ _ _ - — — — — — - - 4 2
113. Scorzomera humilis L. - - 4 061 ﬁ5 55 1 — 4+ 2 — + — — - 4 13
114, Geranium silvaticum L. — — 10 — — —_ - 2 5 T - _ o _ _ . 3 +
115. Galium mollugo L. — — — - _ _ _ _ — _  J— + — 5 3 2
116. Polygenum hydropiper L. - - = - - - - - s _— - - 15 — - 35 2 8
117. Ciregea lutetiona L. — - - - — - . _ _ 5 _ + — — — — — — 2 +
118. Gagea lutea (L) Ker.-Gaw. — — — - — - 1 — 5 — — —_ — — — — — — 1 1
119. Plantago lanceolata L. - - - SR 1 — + o . —_ = = 1 1
120. Ceranium sanguineum L. — - - - - _ _ T _ — _ 1t - + _ _ 10 1 n
121, Humulus lupulus L. — — — — — —"5 - _ 5 _ _ _ _ _ _ _ — _ 1 ‘2
122. Iris sibirica L. — — — 1 — _ _ L 1 — + — — _ _ . —_ 1 +
123. Lathyrus silvester L. _ - = - s y  — " o _ - - = - - = 1 2
124, Lathyrus niger (L.)LBEI‘HK- - — — ‘_1 - + _ _ _ —_ — — —_ —_ — — — — 1 :
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ed in the animals’ diet is always slightly higher than the number occurr-
ing in the area. This is presumably due on the one hand to the appearan-
ce of seedlings (three-year study period), and on the other of omission of
very small individual plants from phytosociological survays. The list
shows that deer feed on all species of planis from this group excepi
Crategus oxycantha. The lack of contacts of deer with this plant may
be due to the fact that only one example of this plant was found on the
experimental areas.

In the group of dicotyledonous forbs, grasses, sedges and rushes a total
number of 217 species were recorded as occurring in the experimental
areas. The deer cropped 137 speccies, which forms 63% of all species.
Thig percentage varies in different ecosystems, for instance the smallest
number of species eaten is in P—P (25%), the most in C—Q (83%s)
and in T—C; (78%s), and in the remaining ecosystems this percentage
comes within limits of 56 — 67, Thus slightly more than half the species
growing there were observed to be used as food by deer.

4.2. Abundance of Plants and Their Participation in the Animals’ Diet

In order to grasp the relation between abundance of plants in the
area and their participation in the food of deer the whole of the data
obtained in the experimental areas were arranged in a floristic list of
irees, shrubs and dwarf-shrubs, and dicotyledoncus forbs, grasses, sedges
and rushes, occurring in the diet of deer. The plants were arranged in
order of their decreasing participation in the whole of the animals’ food
(Table 3). The above list was compared with the coefficient of abundance
(D) of the various plant species in ecosysiems.

4.2.1. Trees, Shrubs and Dwarf-shrubs

A total of 424,215 contacts with 36 species of plants was recorded. The
animals were observed to feed particularly intensively on two species of
trees: Carpinus betulus, which forms 25.7% of the whole of browse, and
Frarinus excelsior, which forms 12.7%. The next two species of trees
are: Quercus robur — 8.9%n and Selix caprea — 7.4"%0. The above four
species thus form 54.7% of the browse eaten by deer, while the percent-
age formed by none of the remaining 32 species exceeds 5% (Table 3).

The order of percentage formed by lignecus plants in the animals’
food differs in different types of tree stands, for insfance: in P—P the
order is as follows: Pinus silvestris (27.6%), Vaccinium myrtillus (22.3%0),
Calluna vulgaris (19.2%s, Cytisus nigricans (14.6%). There is a direct
relation between the considerable amount of these species eaten as food
and their abundance of occurrence, All are characteristic of plant com-
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munities of fresh coniferous forest, all occur in large numbers and in
the case of Vaccinium myrtillus — occurrence is very high indeed
(D = 1.825).

In P—& the basis of the deer’s food is formed by 5 species differing
in abundance of their occurrence, Pinus silvestris (14%s of food), Vacci-
nium myrtillus (8.6%0) and Quercus robur (8.2%s) are common in this
ecosystem. Their coefficient of abundance is high, being respectively
150, 1,085 and 125. Saliz caprea (26.7% of food) and Carpinus betulus
(13.5%0) occur less frequently (D = 30).

In C—Q Carpinus betulus (39.1% of browse) and Quercus robur
{19.7%) are the species dominating in the animals’ food. Both these
species are characterized by a high coefficient of abundance (respectively
135 and 113).

The basis of the food consumed by deer in T—C; is formed by three
plant species. Carpinus betulus decidedly dominates (44.8%0 of the whole
of the browse eaten in this ecosystem) and occurs very numerously
(D = 370). Salix cagprea (13.1% with D = 105) occurs frequently in the
animals’ food, while Quercus robur, forming 11.2% of food, occurs less
often (D = 50).

The food consumed in T—C, consists mainly of common species, but
which even occur in very great numbers. For instance: Fraxinus excel-
sior (D = 345) forms 45.4%% of the whole of the browse eaten in this
ecosystern, Carpinus betulus, with D = 260, forms 19.8%, while the nu-
merously occurring Rubus ideus (D = 195) forms 8.1%6.

In C—A four species from the basis of the food of deer. Two of
them — Frazinus excelsior (D = 290) and Corylus avellana (D = 225)
form respectively 36.4%s and 11.5% of the browse consumed in this eco-
system, while the following two species — less numerous in the area
Picea excelsa (D = 90) and Carpinus betulus (D = 25) forms respectively
12.4%% and B.8%» of the food of deer.

1t is clear from the above that plants occurring numerously or even
in very great numbers there dominate in the food of deer eaten in the
various ecosystems, At the same time, however, a certain number of
cases are observed of species with a low coefficient of abundance of
occurrence forming a high perceniage of the diet of both roe deer and
red deer.

4.2.2, Dicotyledonous Forbs, Grasses, Sedges and Rushes

A total number of B4,480 contacts with 137 species of plants was
recorded in this group of plants (Table 3). The majority of them form
only a low percentage of the food of deer (below 5%). It is only in the
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case of 7 species that a considerable number of contacts was recorded.
These are: Ranunculus repens (16.2%0 of the whole of the animals’ food
in this group of plants), Caltha palustris (12.8%), Filipendula ulmaric
(8.4"0), Aegopodium podagraria (8.1%), Impatiens noli-tangere (7.1%0),
Ranunculus lanuginosus {5.7%) and Urtice dioica (5.1%b). Taken together
they form almost %/, of the animals' diet.

The domination of the different species of plants in food consumed
by deer in different ecosystems is as follows:

In P—P 66.4%0 of the diet is formed by Genista tinctoria (D = 55).
than two species occurring less numerously in the areas: Rumex aceto-
sellea (D = 15) forming 10.1% of food and Senetio vernalis (9.1% of
food), not recorded in phytosociological surveys. It must be emphasised
that the high percentage formed by the above species of plants was
partly due to the small number of species found in the diet of deer in
this ecosystem (16) and the small joint number of contacts (939). The
above species formed only a negligible percentage of the total diet of
deer.

In P—@, 5 of the 58 species found in the diet of deer formed 56.5%
of the food. Two of them: Solidago virga-guree (13.0%¢) and Cirsium
arvense {10.2%s) are common in this association (D respectively 70 and
40), while two occur less often: Aegopodium podagreria (12.3%s with
D = 10) and Genistg tinctoria (10.0% with D = 25). Hieracium umbela-
tum (10.095 of food) occurred in such extremely small numbers in the
areas that it was not included in the phytosociological survays.

The above plants formed a fairly high percentage of the whole of the
food consumed by deer in all ecosystems (13.6%s).

Of the 71 species of plants occurring in the diet of deer in C—@, the
largest number of contacts was found for Centaurea jacea {21.2%0), al-
though this species does not occur very numerously (D = 15). The next
two species predominating in the animals’ diet occur in extremely great
numbers, i.e, Renunculus lanuginosus — 16.5% (D = 100) and Urtica
dioica — 11.0%/0 (D = 110). Filipendule ulmeria (D = 5), occurring rarely
in the areas, was very readily eaten by deer (8.8%).

The above species of plants are eaten by deer in all the ecosystems
in which they occur, and the percentage they form in the whole diet
was 21.6%.

The plant species occurring most frequently in T—C, is Aegopodium
podagreria (D = 2980), and it also dominates in the food of deer (25.5%).
Renunculus lanuginosus (11.9%s of food with D = 150) is also often
eaten, The situation is different in the case of the next two species,
readily eaten by deer, i.e. Ficaria verna (16.3% of food) and Cirsium
arvense (10.4%), since they occur in far smaller amounts than those



472 S. Borowski & 5. Kossak

mentioned previously (D = respectively 35 and 65), The species men-
tioned form 19.5% of the diet,

In T—C, the three species dominating in the diet of deer occur nu-
merously, even in great numbers, These are: Cualtha pelustris (D = 130),
Impatiens noli-tangere (D = 860) and Cirsium oleraceum (D = 160), The
percentages they form of the animals’ diet are as follows: 30.0%p, 13.0%,
8.9Y/s. The percentage of these species in the whole of the succulent foed
eaten by deer is 23.6%0.

In C—A, as in the preceding ecosystem, species occurring in very
great numbers dominate in the food of these deer. They are: Ranunculus
repens (I = 340}, forming 36.4% of the animals’ diet, Filipendula ulma-
rie (D = 380), forming 13.7% and Caltha palustris (D = 130), forming
10.9%0, It must be emphasised that the greatest number of the animals’
contacts with herbaceous plants was noted in C—A4 (28,959) and conse-
quently the food eaten in this ecosystem decidedly influenced the per-
centage of the different species of plants in the whole diet, of which
the above three species form 37.4%o.

In general it may be said that as in the case of trees, shrubs and
dwarf-shrubs a large part of herbs eaten depends on their abundance.
There are, however, cases in which the number of contacts is greater
than it would appear to result from the value of the coefficient of
abundance, Such plants can be treated as those specially preferred by

deer.
4.3. Food Preferences of Cervidae

The food preferences of deer are indicated, inter alia, by cases of
intensive cropping by the deer of rare plants in the area (see section
4.2), and avoidance during feeding of certain numerously occurring
plants.

In the group of herbaceous plants a certain number of species were
characterized by a high coefficient of abundance, although no cases
were found of their having been cropped by deer. These are, e.g. Mo-
linia coerulea (in P—P D=400), Trientalis europgea (in P—P D=183)
(in P—Q D=145), Polytrichum communis (in P—P D=185, in P—Q
1) = 170). These plants were treated as being clearly avoided by deer.

Both in the group of ligneous and herbaceous plants a certain number
of cases were observed of the deer avoiding in certain ecosystems plants
commonly occurring in them, In respect of the group of ligneous plants
this phenomenan took place e.g. in P—@, where Picea excelse (D = 710}
and Betulg verrucosa (D = 400) occur abundantly but were only sp»
radically cropped (respectively 1.6% and 5.6% of food), in C—Q Tilie
cordate (D = 420, 4.4%0 in diet), Betulg verrucosa (D = 395, 7.7% in



The fnod habits of deer 473

diet). Similar cases were observed in the other ecosystems. In the group
of herbaceous plants cases of the deer avoiding plants commonly
occurring in the area took place, inter alia, in C—Q, where the animais
sporadically cropped Stellarig holosteq (D = 810), Fragaria vesca (D =
295) and Oxalis acetosella (D = 250), and in T—C, where a small num-
ber of contacts were observed with the commonly occurring Urtica
dioica (D = 535), Anemone nemorosqg (D = 460), Galeobdolon luteum
(D = 380},

Cases in which one and the same species of plant is eaten in greater
quantities in one ecosystem than in others, regardless of abundance of
occurrence (a phenomenon particularly frequent in the group of trees,
shrubs and dwarf-shrubs), is evidence of the variations in the food pre-
ferences of deer in relation to the different species of plants. The above
question has been discussed in detail in the study dealing with the hypo-
thesis that there are food clusters in the diet of deer (Kossal, 1876).

5. ANNUAL CYCLE OF THE ANIMALS' FEEDING IN DIFFERENT ECOSYSTEMS

Intensity of feeding and the species compoesition of the diet of deer
over the yearly cycle were examined on the basis of totalled data for the
three study years, The two main categories of food: ligneous and suc-
culent, were considered separately.

5.1. Trees Shrubs and Dwarf-shrubs

The intensity with which deer feed on the shoots of trees, shrubs and
dwarf-shrubs varies over the course of the year (Fig. 2A), this being
particularly intensive in the winter months {(December and January), and
summer months (June and July). The smallest number of contacts was
observed in May and September—October. Certain differences can be ob-
served in the distribution of feeding in different ecosystems, for instance:
P—P and C—A are characterized by faintly marked summer intensifica-
tion of feeding (less than 6000 contacts). The winter feeding peak in these
ecosystems is clearly evident and occurs in P—P in December (approx.
13,000), but in C--A in January (about 12,000 contacts). In T—C,
and T—C, the distribution of feeding over the vear is similar. There is
a marked summer peak of feeding (in both ecosystems over 12,000 con-
tacts) and slightly less distinct winter peak (in T—C; less than 12,000, in
T—C; less than 9,000 contacts). In P—@Q both peaks of feeding are faintly
marked (below 8,000 contacts). The winter peak of feeding is most
strongly marked in C—@, where 19,000 contacts were observed in De-
cember and 31,000 in January. There is, however, no sunimer peak of
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feeding in this ecosystem. The number of contacts observed in June
(about 6,000} is lower than that recorded for September—October,

Additionally in P—P and C—A the summer intensification of the ani-
mals' feeding is shifted in time, namely it is about one month later then
in the other ecosystems, and occurs in July.

The species composition of the animals’ diet in different months did
not include all species of ligneous plants eaten by deer in the Bialowie-
za Forest in any of the ecosystems examined (cf. Table 3). The largest
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Fig. 2. Yearly cycle of feeding by deer in different ecosystems, taking into account
the number of contacts and number of species of plants in the animals' diet in
successive month.

A. Shoots of trees, shrubs and dwarf.shrubs,

number of species in the animals’ diet (24) was observed in T—C, in
July, and in C—A (21} in July and February.

In all the ecosystems examined the summer (June and July) peak of
feeding included a larger number of species than was the case with the
winter peak (December and January). The differences in favour of the
summer diet were from 1 species (T—Cy in June and July — 15, in De-
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cember and January — 14) to 11 species (T—C; in July — 24, in De-

cember 13).
5.2. Dicotyledonous Forbs, Grasses and Sedges

There is a strongly marked increase in the number of contacts from
the spring to summer months in this group of plants, followed by
a decrease in the autumn months (Fig. 2B). Peak feeding by deer occurs
in P—Q, T—C, in June, in C—& in May—June, and in T—C, and C—A
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Fig. 2B. Dicotyledonous forbs, grasses sedges and rushes.

in June—July, and in P—P in July. In the case of C—A there is an in-
crease in the number of contacts in November due chiefly to intensive
cropping of Renunculus repens by deer.

When comparing intensity of feeding by deer with the variety of
species in their diet it can be seen that these two features are connected
with each other. In each of the ecosystems examined the largest number
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of species cropped occurred during the time, when there was a peak of
feeding.

5.1, Percentages Formed by Trees and MHerbs in the Animals’ Food
over the Course of 3 Year

We have limited ourselves here to discussing differences in the per-
centages formed in the animals’ diet by the two basic groups of plant
food they eat, namely, trees, shrubs and dwarf-shrubs, and dicotyledo-
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Fig. 3. Percentages formed by trees, shrubs and dwarf-shrubs (open), and dicotyla-
donous forbs and grasses (hatched) in the diet of deer over the yearly cycele in six
ecosystems studied.

nous forbs, grasses, edges and rushes, over the yearly cycle and in all the
ecosystems examined. No analysis has, however, been made of the per-
centages formed by these groups of plants in the whole of the animals’
food since it was assumed that the fairly large number of contacts
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between the animals and dicotyledonous forbs and grasses could net be
grasped during the course of collecting materialis

It can be seen from Fig. 3 that the lowest percentage of herbaceous
plants was observed in P—P pnd P—Q, and the highest in C—A. Omitt-
ing cases in which single cdntacts were observed during the course of
a month, deer fed longest in ’I'-——C1 and T—C,, in which the interval in
Teeding on this group of plants was only two months. In the other eco-
systems the corresponding interval was: in P—P from December to
March inclusive, in P—@ and C—& from Novemnber to April inclusive
and in C—A from January to March inclusive.

In the associations examined (except for C—A4) a decrease is observed
in successive sumuner months of the percentage formed in the animals’
Tfood by herbaceous plants. In C—A from June to November inclusive
the percentage formed by this group of plants is maintained on a similar
level. In May herbaceous plant food dominates in all the ecosystems
from the aspect of the percentage it forms (Fig. 3). This is partly due to
both roe deer and red deer almost completely ceasing to feed on ligneous
plants at this time. This in turn is due, inter ¢lig, to the animals changing
from winter to summer food,

6. ANNUAL CYCLE OF THE ANIMALS' FEEDING ON TREE STANDS
OF DIFFERENT AGE

Observations were made of which age ¢lasses of tree stand deer prefer
during the course o. the year and whether such preferences differ in
different ecosystems by examining four groups of tree stands of differ-
ent age. [t was only in T-—C; and C—A that the youngest age class was
not taken into consideration (plantations), on account of their absence
in the area {cf. Material and methods). As a different number of study
areas were chosen in the different age classes (from 1 {o §), calculation
was made of the average number of contacts per 1 area of the given
age class in the given ecosystem. Average numbers of contacts in each
age class of 6 ecosystems have been set out distributed over the course
of a year. On account of the considerabie differences in preferences for
different age classes a separate description has been given of successive
ecosystems,

6.1. Trees, Shrubs and Dwarf-shrubs

Peucedano — Pinetum (P—P). In this ecosystem (Fig. 4A) the food
consumed by deer in the plantation dominates in March and November,
in July — food in the thickets and in December in the timber stand.
Intensity of feeding by both roe deer and red deer is only slight in the
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timber stand (except in December). This also applies to pole-sized stands,
in which there was a stight increase in the number of contacts in No-
vember. Peak feeding by deer occurred in December, during which time
the greatest number of contacts was found in the timber stands thickets
and plantations,

Pino — Quercetum (P—Q). In all months of the year deer consumed
the greatest amount of food in the thickets. Feeding was maintained on
fairly low level in the tree stands of the remaining age classes, with
some degree of intensification in June and October in the plantation, in
February and December in the pole-size stand and in March and De-
cember in the timber stand. The highest monthly number of contacts was
observed in December, to which food consumed in the plantations and
timber stands, and to a lesser degree in the pole-sized stands, contribute
(Fig. 4A).

Calamagrostio — Quercetum (C—Q). From September to March the
deer consumed the majority of their food in the thickets and (with ex-
ception of March} the plantations. There were three decreases in feeding
in the timber stands: in February, May—June and in October. Feeding
in the pole-sized stands was maintained on a fairly low and even level.
The winter peak in feeding lasted from November to February inclusive,
a constant order of preference for the following age classes being main-
tained: thicket, plantation, timber stand and pole-sized stand (Fig. 4A).

Tilio — Cerpinetum typicum (I'—C,). In this ecosystem deer consumed
by far the greatest part of their food in the plantations and thickets
throughout the whole year. The number of contacts in tree stands of
these age classes decreases in February and is equal to the number of
contacts observed in this month in the pole-sized stand. From April to
December inclusive the animals consumed only a small amount of food
in the pole-sized stand and timber stand. From January to March in-
clusivg there was a slight increase in the number of contacts in tree
stands of these age classes. Maximum feeding was observed in T—C, in
June, in which month contacts were observed chiefly in the plantations
and thickets (Fig. 4A).

Tilic — Carpinetum stachyetosum (T-—C5). In January, June and July,
out of the three age classes of tree stand examined, the deer feed to the
greatest extent in the thickets. In the other months the numbers of con-
tacts recorded in the thickets and pole-sized stands are more or less
even, Over the course of ihe whole year feeding in the timber stand is
maintained on a fairly low level. Contacts observed chiefly in the thicket,
then the pole-sized stand and timber stand, account for the summer peak
of feeding (Fig. 4A).

Circaeo — Alnetum (C—A)., As was the case with T—C,, no studies
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were carried out in the plantation. From December to March the deer
feed mainly in the thickets and pole-sized stands, but in April in the
timber stand. In this ecosystem only a small combined number of con-
tacts was observed, and consequently no significant differences were
shown in intensity of feeding by deer in the different age classes of
tree stand (Fig. 4A).

6.2. Dicotyledonous Forbs, Grasses and Scdges

Peucedano — Pinetum (P-—P). The small number of contacts observed
in this ecosystem made it impossible to show any distinct domination
of the animals’ feeding in a tree stand of a given age. It would, however,
seern significant that in spring (March—May) the deer feed on herba-
ceous plants in plantations, in suramer (June-—August) in the plantations,
thickets and pole-sized stands, while in autumn (September—November)
they feed chiefly in thickets. Only a negligible number of contacts were
found in the timber stand (Fig. 4B).

Pino — Quercetum (P—Q). Except for May and June, when deer feed
intensivelv on herbs in the thickets, feeding is approximately similar in
all the other age classes of tree stand and is maintained on a low level
(Fig. 4B).

Calamagrostio — Quercetum (C—@Q). The greatest amount of food con-
sumed by deer in the plantation occurred in May and June, and in this
latter month the intensity of the animals’ feeding also increases in the
pole-sized. In August feeding reaches a peak in the timber stand. In the
other months the number of contacts is similar in tree stands of differ-
ent age classes {Fig. 4B).

Tilio — Carpinetum iypicum (T—C,). In this ecosystem the deer fed
most intensively on herbs in April in the timber stand. In May the num-
ber of contacts observed in this age class drops considerably, to be main-
tained on a similar, moderate level up to November inclusive. Deer fed
throughout the whole year in the plantation, particularly intensively in
June and July. From May to November—December herbaceous plants
were also cropped in the thickets and the pole-sized stands (Fig. 4B).

Tilio — Carpinetum stachyetosum (T—C,). Intensity of feeding in tree
stands of different age was balanced in successive months. It was only
exceptionally in August that considerable cropping of herbaceous plants
was observed in the timber stand. Peak feeding by deer occurred in this
ecosystemn in June and was accounted for the food consumed in the
thickets, pole-sized and timber stands (Fig. 4B).

Circaeo — Alnetum (C—A), In the spring-summer months (May—July)
the deer fed in the thickets and pole-sized stands. After the drop in the
number of contacts in August and September, there is a renewed peak
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of feeding in these age classes, lasting through October and November.
Intensity of feeding in the timber stand takes the reverse course. The
first slight increase in the number of contacts taken place in June, the
second — very intensive — in October and November (Fig. 4B}

It must be assumed that intensive feeding by deer in a tree stand of
a given age class usually includes both ligneous and herbaceous plants.
This phenomenon occurs inter alic in P—P, where in July food consumed
in the thickets dominates in both groups of plants. A similar phenome-
non occurred in June in P—@. In T—C; in June and July the two groups
of plants are intensively cropped by deer in the plantatiocns and thickets.
In T—C; in June the order of preferences for age classes of tree stands
in the same — thickets, pole-sized and timber stands.

Differences in the animals’ preference for age classes of tree stand
between the groups of plants discussed relate chiefly to the timber
stand. In T—C; the greates{ number of contacts with herbs was observed
in this age class in June and August, when there was little feeding on
ligneous plants. A similar phenomenon occurred in November in T—C,
and C—A. As can be seen from Fig. 4, the deer consume considerable
amounis of herhs, and grasses, but only small amounts of trees and
shrubs in timber stands, in which there is usually a luxuriant herb layer
but only a small amount of accessible browse,

7. DISCUSSION OF THE ANIMALS' FEEDING ON SELECTED SPECIES
OF PLANTS

Calculation was made of the average number of contacts per study
area in the different age classes of tree stands for 12 species of {rees,
shrubs and dwarf-shrubs (forming 87.2%s of the whole of the food eaten
by deer from this group of plants), and for 8 species of herbaceous plants
(61.5%u of food from this group). Examination was made of which species
contribute chiefly to the diet of deer in different seasons, and types and
age classes of tree stands, and a description has been given of feeding by
deer on different species of plants in time and space.

As intensity of the animals’ feeding is subject to great variation over
the yearly cycle the rhythms of their phenclogical phases have been
taken into account in discussing feeding on different species of plants.

7.1. Trees, Shrubs and Dwari-shrubs

Comparison was made between the time of leafing, flowering, fruiting
and seed dispersal of 12 species of trees and shrubs, growing in the Bia-
lowieza Primeval Forest {acc. to Graniczny, 1957) and the yearly
distribution of feeding by deer, but no regularity was observed. In none
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of the tases does the summer (June—July} peak of feeding coincide with
any of the phenological appearances of the species examined, and it
may therefore be concluded that this peak is due to the occurrence of
young shoots and leaves of trees and shrubs. On the other hand the
winter (December and January) peak of feeding is due to the lack of
succulent food. Consequently the dates of phenological appearances have
not been given in discussing the course taken by the animals’ feeding.

Carpinus betulus — forms 25.7% of the whole of the browse consumed
by deer. It is eaten chiefly in C—@Q (39%» of the whole of their food) and
in T—C; (45%0), being particularly intensively eaten in C—@Q, despite its
usually not very numerous occurrence (see section 4). It is cropped most
intensively in the thickets and plantations, being consumed to a far lesser
extent in pole-sized and timber tree stands. It can be seen from the an-
nual distribution of the animals’ feeding (Fig. 5) that Carpinus betulus
is eaten mainly in winter, and to a lesser degree in autumn and spring,
angd least in summer. This phenomenon occurs in all ecosystems and age
classes of tree stand.

Carpmus betulus is thus a species readily eaten by deer, It occurs
very frequently in large amounts in the animals’ diet in the autumn —
winter and spring months, whereas in summer its importance as food
decreases, [t is eaten chiefly in thickets and plantations of C—@ and
T—-C;.

Fraxinus excelsior forms 12.7% of the whole of the shoots consumed
by deer, and is eaten chiefly in ecosystems in which it occurs nu-
merously (see section 4) ie. in T—C, (45%s of food eaten) and in C—A
(36%), The highest average number of contacts per study area was
observed in thickets T—C, and C—A, Shoots of Frarinus ercelsior are
slightly less intensively eaten in the pole-sized stands. The smallest
number of contacts was observed in the timber stands (Fig. 5).

Two peaks of feeding by deer on this species can be observed over
the yearly cycle: in T—C, a winter peak (in December and January)
and a slightly greater peak in summer, lasting from June to September.
In C—A the summer peak is less clearly marked and lasts for a shorter
time (June—July),

Fraxinus excelsior is thus a species readly eaten by both roe deer and
red deer, and the more numerous its occurrence, the more intensively
is it eaten (see section 4). It is a species characteristic of the food con-
sumed in T—C, and C—A thickets and pole-sized stands, in winter and
summer months.

Quercus robur forms 8.9% of the whole of food eaten in the form of
shoots by deer. It is most intensively eaten in C—Q (20% of browse
consumed by the animals in this ecosystem) and in T—C; (11%), parti-
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cularly in plantations and thickets, Only a small number of contacts
was, however, observed in pole-sized and timber stands, During the
course of the year there were two periods of particularly intensive
consumption of the shoots of Quercus robur by deer. The winter peak
lasted in plantations from November to February inclusive, and in De-
cember and January in thickets, A particularly large number of con-
tacts was observed in January in the thickets of C—@. The summer
peak of feeding on Quercus robur by these animals, less intensive than
the winter peak, occurs in all ecosystems and age classes in June
(Fig. 5).

Quercus robur is a species characteristic of the winter, and to a lesser
degree of the summer, browse of deer. It is readily eaten in C—Q and
T—C, plantations and thickets.

Salix caprea forms 7.4% of the whole of the browse. It is consumed
fo a similar, moderate degree in P—Q, C—Q and T—C,. In P—Q the
majority of the contacts were observed in the thickets, whereas in the
two other ecosystems amounts were similar in thickets and plantations.
On account of the moderate combined number of contacts recorded, the
summer and winter intensifications of consumption of Salix caprea are
fain{ly marked (Fig. 5).

Salix cepree is thus a species eaten to a moderate degree in planta-
tions and thickets of P—@Q, C—@ and T—s over the course of the
whole year. Some degree of intensification is observed in June, De-
cember and January,

Picea excelsa — forms 5.3%0 of the whole of browse eaten by deer.
Although it occurs very numerously in coniferous forest ecosystems,
only small quantities of it are eaten by deer (see section 4.3). A mo-
derate number of contacts were observed in thickets and pole-sized
stands of deciduous forests. Consumption of Picea excelse in timber
stands was observed only in C—@Q and T--C;. Over the yearly cycle
it occurs in the animals’ diet from December to March — April. The
largest number of contacts with Picea exceisa were observed in the
thickets of C—& in January (Fig. 5).

Pinus silvestris forms 4.8% of the whole of browse faken by deer,
It is consumed almost solely in coniferous forest habitats, where it
occurs in large numbers (see section 4). The largest number of contacts
was observed in the thickets and plantation of P—P and in the thickets
of P—@Q. Pinus silvestris is characteristic of the winter diet of deer. The
majority of contacts were observed in December and January (Fig. 5).
Corylus avellana forms 4.7% of the browse. It is consumed to a more
or less balanced degree in all ecosystems and age classes of tree stands
in which it occurs, over the whole of the year (Fig. 5).
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Hubus idaeus forms 3.9%y of the shoot food eaten by deer, and is
eaten moderately in all ecosystems, The largest number of contacts
were observed in the plantation and thickets of T—C,, the thickets and
pole-sized stand of T-—C, and in the pole-sized stand of C—A. Rubus
P-P P-Q T-C, C-A
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idaeus is eaten over the whole of the year, particularly from June to
October — November (Fig. 5).

Tilia cordata, like the preceding species, is eaten to a moderate
degree (3.6 of the whole of browse) in all ecosystems. The largest
number of contacts were observed in plantations and thickets of C—@
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and T—C,. Over the yearly cycle greater consumption of Tilia cordata
occurs in the summer months (June—September) and in winter (Ja-
nuary) (Fig. 5).

Vaccinium myrtillus forms 3.6%e of shoot food eaten by deer. It is
eaten in habitats in which it occurs numerocusly (coniferous forests)
(see section 4.2.), chiefly in timber stands. It is a typical food of deer
in the winter period. Intensive feeding by deer on Vaccinium myrtillus
begins in November, with a maximum in December. Its importance in
the animals’ diet decreases from January onwards, presumably due
to the persistence of snow cover deeper than at the beginning of winter.
The largest number of contacts was observed in December in the old
P—P tree stand (Fig. 5).

Betula verrucosa forms 3.5% of the whole of browse taken by deer.
It is eaten by the animals chiefly in C—Q, and to a lesser degree in
P—P and P—@, mostly in thickets and plantations. The yearly distri-
bution of the animals’ feeding on Betula verrucose differs in different
ecosystems. In P—P feeding was not found to be very intensive, being
maintained on an even leve] from July to October. In the timber stand
P—@ Betula verrucosa was eaten during April, but in considerable
quantities. In C—@ in all age classes of tree stand feeding was observed
to intensify in December and January (Fig. 5).

Betula pubescens forms 3.1%e of the browse eaten by deer. Like the
previous species, it occurs in the animals’ diet in both coniferous ha-
bitats (P—P and P—Q) and in C—&. It is eaten in all age classes of
tree stands, except pole-sized stands, in which only sporadic contacts
were ohserved, Consumption of Betula pubescens over the yearly cycle
differs from the way deer feed on Betula verrucosa, since it occurs
during the period from June to December (Fig. 5).

7.2. Dicoiyledonous Forbs

The distribution in time and space of feeding by deer on selected
species of herbs has been discussed, At the same time, on the basis of
data concerning the seasonal dynamics of the herb layer of forest
associations in the Bialowieza Primeval Forest (Falinska, 1973), the
influence of the life cycles of plants has been traced on the yearly
distribution of feeding by deer. In these comparisons 8 species of dico-
tyledonous forbs occurring numerously in the Bialowieza Foresf, and
simuitaneously forming 66.6%0 of the succulent food of deer, have been
taken into consideration. All data relating to the phenological characters
of the species discussed in this action have been given after Falin-
ska (1973).
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Ranunculus repens forms 16.2%s of the whole of the herbaceous food
of deer, It was observed to be eaten in very large amounts in C—A.
In the other ecosystems it is not eaten to any great extent. In the three
age classes of the C—A tree stand examined, the largest number of
contacts calculated per 1 study area was observed in the timber stand,
then in turn in the thickets and pole-sized stands (Fig. 53). Over the
yearly cycle the greatest differences in number of contacts in successive
months were also observed in the C—A timber stand. In this ecosystem
the first contacts with Ranunculus repens took place in April, and in
subsequent months intensity of the animals’ feeding on this species
increased to reach a maximum in October and November, after which
it decreased and only a small number of contacts was observed in De-
cember. In the young C—A tree stand the first scanty traces of the
animals having fed on Ranunculus repens were found in April. In
May the number of contacts increased and were maintained on a similar
level until August inclusive. In September feeding by deer on this
species decreased transitorily, then in the next two months reached
the yearly maximum (in a way similar to that in the old tree stand).
In the pole-sized stand feeding was more even in character and was
maintained on a similar level from August to November inclusive.

Renunculus repens is a species which begins its flowering phase
during the first part of June, fruits from the end of June to the be-
ginning of August, and seeds from August to October,

When comparing the yearly distribution of the animals’ feeding on
Renunculus repens with its yearly cycle it can be seen that this species
is eaten in all stages of its life cycle, in the greatest amounts during
the seed-scattering period and immediately after the end of the phase.

Caltha palustris forms 12.8%0 of the succulent food of deer. It is eaten
particularly intensively in T—C. and C—A. In T—C, the greatest
number of contacts were noted in the thickets and pole-sized tree stands,
but only a small number in the timber stand. In C—A the thickets
dominated in respect of the number of contacts. Only a small degree
of feeding on Calthe palusiris was observed in the timber and pole-sized
stands (Fig. 5). This species occurs in the animals’ diet over the yearly
cycle from sporadical contacts in March and April as to the considerable
percentage of the animals’ diet it forms in May, June and July. The
yearly distribution of the amount of Caltha palustris eaten by deer is
due to its development cycle, Under field conditions Calthe palustris
appears sporadically in March and April in the form of scanty leaves.
It reaches maximum development in May and June, and begins the
resting phase as early as July. This explains the comparatively short
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period of the cccurrence of Caltha palustris in the diet of deer, coincid-
ing the time of mass occurrence of this plant,

Filipendula ulmaria forms 8.4% of the succulent food of deer, and
was observed to be consumed in small amounts in C—@ and in T—C,.
It is frequently eaten in C—A, and the largest number of contacts was
Iound in the pole-sized stands of the above ecosystems. Filipendula
occurs in the animals’ diet from May to October, being eaten in consi-
derable quantities from June to August inclusive (Fig. 5).

Filipendula is a species characteristic of high summer. 1f begins
flowering during the first or second ten-day period of July. Sinece the
number of contacts decreases in August the statement is justified that
Filzgpendula ulmaria is eaten by deer in the greatest amounts during
its flowering period,

Aegopodium podegreria forms 8.1% of the succulent food of deer.
Contacts with this species were observed in zll ecosystems in which
this plant occurs, It was eaten in the largest amounts in T—C,, in
which ecosystem the animals readily fed on Aegopodium podagraeria in
all age classes of the tree stand. The largest number of contacts was
observed in the plantalion, then in the thickets, with slightly fewer in
the pole-sized and timber stands. This plant occurs in the animals’ diet
from May to November inclusive. The majority of the contacts were
observed from June to October, the maximam occurring in June and
July (Fig. 5).

Aegopodium podagraria is characterized by a long growing period
from spring to late autumn. Its maximum development occurs in late
spring or summer. [t flowers at the end of June and beginning of July.
It is consumed with maximum intensity by deer during its flowering
period,

Impatiens noli-tangere is characterized by a short development cycle.
deer. It is most often eaten in T—C, and C—A, particularly intensively
in thickets. The animals feed on Impatiens noli-tangere chiefly in June
and July, only a negligible number of contacts being observed in other
maonths (Fig. 5).

Imputiens noli-tangere is characterized by a short development cycle.
its most intensive growth occurs in early summer, it flowers during
the first or second ten-day period of July and fruits at the end of July.
The foregoing shows that Impatiens noli-tangere is most readly eaten
by deer during its flowering and fruiting periods.

Ranunculus lanuginosus forms 5.7% of the succulent food of deer, and
is eaten to a moderate degree in all the ecosystems in which it ocecurs.
The largest number of contacts was observed in T—C,. This species
is cropped by deer in all age classes of tree stands, but chiefly in the
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pole-sized stand of C—@, and the timber stand of T—C, and T—C.,.
Two peaks can be distinguished over the annual cycle of the animals
feeding on this species: in June—July and September (Fig. 3).

Ranunculus lanuginosus has a long growing period — from spring to
late autumn. It {lowers during the first ten days of May, fruits in
June—July, and seeds in Septermnber. When the life cycle of Ranunculus
lanuginosus is compared with the annual cycle of its consumption by
deer, it can be seen that it is most readly cropped by the animals during
the stages of its fruiting and seeding. Only a small number of contacts
was observed during the flowering period of this species.

Urtica dioica forms 5.1%» of the succulent food of deer, and is eaten
in all the ecosystems in which it occurs, but to the greatest extent in
plantations. In C—@Q the largest number of contacts was observed in
June, in T—C, in July, and in T—C, and C—A in June and July.
Feeding on Urtica dioica was observed in January and February in the
old T—C. tree stand (Fig. 5). _ g

Urticg dioica reaches maximum development during summer, flowers
in July, and fruits in August—September, The maximum consumption
of this species By.deer therefore occurs during its flowering period.

Ficaria verna forms 3.2% of the whole of the succulent food of deer.
It is an interesting species .on account of the fact that it is eaten almost
solely in the old T—C, tree stand in April, and to some extent in May.
The place in which the deer feed on Ficaria verna was determined by
the abundance of the occurrence of this species, In T-—C,; the coefficient
of abundance is 300. In the other ecosystems and age classes of tree
stand this species occurs in Small number (see section 4.2.2) (Fig. 5).

Ficaria verne is characterized by a short annual growing period. Its
most intensive development occurs in spring and it flowers during the
first ten days of May, It also fruits in May and partly in June. It
completes its growing period at the end of July. This justifies the sta-
tement that Ficarie verna is cropped by deer during the period of its
flowering and fruiting.

It can be seen from the examples given above that there is a distinct
connection between the life stages of plants and the intensity with
which deer feed on them. It would seem significant that it ir plants
passing through a generative stage (flowering and fruiting) which are
particularly intensively cropped, This question has been dealt with in
greater detail in the study by Kossak (1976).

8. WINTER FOOD OF THE ROE DEER AND RED DEER

The authors consider that one of the meost important factors govern-
ing the role of deer in forest ecosystems is their winter food, and con-
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sequently a more detailed analysis has been made of feeding by roe
deer and red deer in the Bialowieza Primeval Forest during the winter
months, During this period, the tracks left by the animals in the snow
made it possible to attempt to distinguish between food consumed by
roe deer and red deer from the whole of the material on winter feeding
by deer in the following way: all traces of feeding near tracks left by
a red deer were attributed to this species, and the same procedure was
adopted for roe deer, The winter period was considered as lasting 5
months (from December to April inclusive), since there was usually
snow cover in the Forest during this time. Only a very few dicotyle-
donous forbs occur in the animals’ diet in winter (see section 5.3.) and
these would not appear io be of any great importance. As a result we
have limited ourselves in this section to discussing the group formed
by trees, shrubs and dwarf-shrubs.
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Fig. 6. Comparison of the percentages formed by differeni species of trees, shrubs
and dwari.shrubs consumed by deer either by browsing (A) or barking (B). The
total amount of barking or browsing was taken as 100%s,

Deer obtain a certain amount of food by means of bark stripping,
this applying mainly to red deer. As bark stripping was not observed
during the summer (which does not necessarily mean that it does not
take place at all), a discussion is given in this section of this means of
obtaining food by deer,

In winter 33 species of trees, shrubs and dwarf-shrubs, consumed by
browsing or barking, were found in the diet of roe deer and red deer.
In winter the species most frequenttly consumed are Carpinus betulus
(26%0 of browse), Fraxinus excelsior {11%1), Quercus robur (11%), Picea
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excelsa (10%) and Pinus silvestris (9%v) (Fig. 6A). The percentage
formed by species from which the animals strip bark is as follows: Picea
excelsa (28%), Tilia cordata (23%e), Quercus robur (15%) and Fraxinus
excelsior (12%) (Fig. 6B).

8.1, Browsing

The combined number of contacts attributed to feeding by roe deer
in winter months was 130,640, the corresponding figure for red deer
being 53,186. The decided predominance of feeding by roe deer was
due partly to the fact that they more frequently wandered over the
study areas and also that bark stripped from trees formed a consi-

derable part of the winter food of red deer (in the light of our studies
this was about 47%).

Table 4

Percentages formed by the 10 species of trees, shrubs and dwarf-shrubs most often
included in the winter diet of the roe deer and red deer.

Roe deer Red deer

No. Species e No. Species s
1. Carpinus betulus 26.5 1. Carpinus betulus 22.5
2. Fraxirus excelsior 16.3 2. Pinus silvestris 20,5
3. Picea excelsa 11.8 3. Quercus robur 135
4. Quercus robuyr 108 4. Salir caprea 85
5. Vaceinium myrtillus 73 §. Picea excelsa 8.5
6, Corylus avellana 4.8 6. Betula verrucosa 7.5
7. Saliz caprea 4.5 7. Tilia cordata 6.0
8. Betula verrucosa 4.2 8. Fraxinus excelsior 32
9. Pinus silvestris 4.2 9. Salix cinerea 30
10. Tilia cordata 24 10. Corylus avellana t.8

Other 7.2 Other 5.0

Tatal 100.0 Total 100.0

In order to grasp differences in the composition of the winter diet
of roe deer and red deer calculation was made (separately for the two
species of animals) of the percentage formed in intensity of browsing
(Table 4). In the case of the roe deer these plant species form 92.8%,
and in the case of red deer 93.7%s, of their winter food. It was found
that the species composition of the diet of the {wo species of animals
is similar, except that in the case of the roe deer there is no Salix
cinerea in the first 10 species preferred and in the case of the red deer
this applies to Vaccinium myrtillus. Differences in the percentage
formed by different species in the diet of the animals examined apply
chiefly to the following plants: Fraxinus excelsior forms 16.3% in the
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case of the roe deer, and 3.2% in the case of the red deer, while Pinus
suvestris forms respectively 429 and 20.5%, The other species of
browse form similar procentages in the diet of the two species.

8.2. Barking

Deer strip bark from a total of 14 species of trees and shrubs. The
combined number of contacts recorded for this kind of feeding is 50,027
(Table 5), of which 47,089 was attributed to the red deer, and 2,938 to
the roe deer. Bark-stripping varies in intensity in time; it is least inten-
sive in October and November, and in April. Contacts recorded in these
months form 5% of the whole of the material. In December and Ja-

Table 5

Percentages formed in the diet of deer by bark of different species of trees and
shrubs in consecutive months form October to April inclusive

Species Contacts Ozt Nov. Dec. Jan. Febr. March April
Picea excelsa 13,826 _— — 1.5 16.7 74.9 3.4 —
Tilia cordata 11,365 — — 17.9 33.2 46 258 452
Quercus robur 7.592 — — 10.8 5.8 15.0 216 —_
Fraxinus excelsior 6,052 100.0 — 38.8 8.4 — 24 —_
Alnus glutinose 3.200 — 414 16.4 15.2 0.9 — —
Acer platanoides 2512 — —_ — —_ - 10.4 —
Carpinus befulus 2,467 —_ 58.6 119 5.4 i.5 1.6 —
Pinus stlvestris 1,477 — — 11.0 31 —_ 54.8
Nalix coprea 169 — — — — — 3.2 —
Ulmus campestris 335 —_ — —_ 4.1 — — —_
Sorbus aucuparia 204 — — 0.6 — — 06 —_—
Corylus avellana 194 — _— 1.9 _ — — —_
Populus tremula 21 — — 0.2 —_ -— —_ —
Malus sivestris 13 — —_ — 0.2 —_ —_ —_

Total 50,027 100.0 100.0 100.0 100.0 100.0 100.0 100.0

nuary bark-stripping intensifies and forms 15—20%, but decreases
slightly in February (approx. 10% of the whole number of contacts).
In March intensity of bark-stripping increases abruptly, about 50% of
all contacts being recorded in this month (Fig. 7).

On the basis of Table 5 we traced which species of ligneous plants
are subjected to bark-stripping during successive months. In October
bark was stripped from only one species — Fraxinus excelsior — in
November from Carpinus betulus and Alnus glutinosa. In December
the deer stripped bark from 9 species, among which bark from Fraxi-
nus excelsior predominated (38.8%4), and also Tilia cordata (17.9%0) and
Alnus glutinosa (16.4%), In January bark was stripped from 9 species
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also, amongst which the following predominated: Tilia cordate (33.2%0),
Picea excelsa (16.7%) and Alnus glutinose (15.2%). In February the
number of species from which bark was stripped decreased to 6, with
Picee excelsa (74.9%) clearly predominant, and Quercus robur (15.0%)
coming second, Intensive barking in March affected 8 species, and
during this time the following species predominated: Piceaz excelsa
(34.4%0), Tilia cordata (25.8%0) and Quercus robur (21.6"s). Only Pinus
silvestris (54.8%0) and Tilia cordata (45.2%) were stripped in April
(Table 5),

9. WINTER PENETRATION OF ECOSYSTEMS BY ROE DEER AND RED DEER

The tracks left by deer in the snow during the winter period (De-
cember-—April) permitted of determining which species of animal had
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Fig. 7. Distribution in percentages of barking by deer from trees and shrubs
in consecutive months from October to April inclusive.

been feeding, On the basis of the frequency of visists by the animals
to different ecosystems and their intensity of feeding, we traced
differences in preferences for ecosystems between roe deer and red deer.
The order of ecosystems was arranged in accordance with the decreasing
percentage of visits to them by roe deer, feeding meaning also contacts
of the animals through both browsing and barking (Fig. 8).

The roe deer moves over the area of its habitat in a very even manner,
and animals were recorded as having most often passed through study
areas situated in C—A (19.9%), and least frequently in P—Q (15.2%),
and thus differences in the distribution of percentages of visits by roe
deer to the ecosystems are at most 4.7%s (Fig. 8).
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Tn respect of the amount of food consumed the preferences shown hy
the roe deer for different ecosystems are very distinct. Peak feeding
(32.6%) was obseived in C—Q and C—A4 (20.8%0). Intensity of feeding
was similar in T—C, and T—C,, being respectively 12.9% and 15.7%
of the whole of the winter food of the roe deer. The smallest number
of contacts was observed in coniferous forests: in P—@ 10.3% and in
P—P 7.7% (Table 6, Fig. 8A).
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Fip. 8 ihstribution 1n percentages of the whole (barking and browsing) of winter
feeding by the roe deer (A) and the red deer (B) and of their penetration of the
study eeonsystems. Symbols of the ecosystems are given in Table 1.

The red deer also penetrates its habitat to a more or less even degree
in winter. Extreme differences in the distribution of percentages of
visits by red deer to different ecosystems are 6.7%. In that most often
visited, T—C,s, 20.0% of all visits by red deer were recorded in the
study areas, and in the least frequently visited P—P — 13.3%.

Decided preference for a given ecosystem occurs when intensity of
feeding by these animals is considered in the various biotopes. The
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ma¥imum number of contacts (33.1%n) was found in T--C;, then 25.1%b
in T—C,, with a similar moderate number of contacts in C—Q (16.7%)
and P—Q (11.3%), and minimum in P—P (8.3%) and in C—A4 (5.5%)
(Fig. 8B, Table 6).

Both roe deer and red deer penetrate ecosystems in an even and
similar way. It may be said that these two species spend slightly more
time in deciduous than in contferous forests, and that the roe deer
penetrates C—A slightly more intensively than does the red deer. In
general, however, it must be concluded that deer move about the whole
area in which they live to an even extent. This is understandable in view
of the very mosaic-like character of the occurrence of given forest
associations in the Bialowieza Primeval Forest.

Table &

Diffcrences in the distribution in percentages
of feeding by roe deer and red deer in 6 dif-
ferent ecosyctems during the winter season.

Ecosystem Roe deer Red deer
pP—p 7T 8.3
rP—g) 10.3 113
Cc— 326 16.7
T—C, 15.7 331
T—C, 129 25.1
C—A 208 55

Tatal 100.0 100.0

The intensity of feeding of roe deer and red deer, on the other hand,
differs greatly in different ecosystems, such intensity showing the degree
of the animals’ food preferences in the ecosystems. It can be seen from
Fig. 8 that the roe deer prefers C—Q (it consumes /; of the whole of
its winter food in C—@Q) but feeds to the least degree in P—Q (10.3%)
and in P—P (7.7%4). The distribution of winter feeding by the red deer
is, however, completely different, as this species consumed 1/ of its
winter food in T—C; with T—C; as the second preferred ecocystem
(25.1%4a of food). The red deer was observed to feed least in P—P (8.3%)
and in C—A (5.5%), It is clear from the above comparison that in no
case were roe deer and red deer simultaneously observed to eat inten-
sively in any of the ecosystems examined, and it may therefore be
concluded that the differences in food preferences in the ecosystems
reduee food competition between these species of animals.
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10. EFFECT OF DEPTH OF SNOW COVER ON THE ACTIVITY OF ROE DEER
AND RED DEER

The three consecutive winter seasons during which the studies were
carried out differed considerably from each other in respect of the depth
and persistence of the snow cover, and consequently studies were made
to determine whether, and to what degree, the snow cover affects the
acitivity of deer, For this purpose calculation was made of the number
of tracks left by these two species of animal in the study areas in
successive winter seasons. A total of 2,640 traces of the presence of deer
were found, 1,572 of which were attributed to the roe deer, and 1,058
te red deer,

The winter season of 1968/69 was characterized by only slight snowfall,
reaching a maximum of 40 cm (February). The distribution of percen-
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ig. 8. Effect of the depth of the snow cover on the activity of deer, expressed
in the animals’ frequentation of the study areas.

tages of tracks from January to March inclusive was even (Fig. 9), and
it may therefore be said that the snow cover does not limit the animals’
activity. As the first observations of feeding by deer were begun in the
second half of December 1968, the number of tracks found is small. In
April 1369 the snow cover had disappeared by the first half of the
month, which made it difficult to record tracks left by these animals.
The winter season of 1969/70 was characterized by a long-lasting
snow ccver up to 85 am in depth in January, and 100 ¢m in February
and March, and was sufficiently deep to reduce the activity of the deer
to a considerable degree. The roe deer’'s movements decreased particu-
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larly markedly in February, 6% of all winter tracks of the animals
being found at this time, In March the roe deer’s activity increased,
despite- the fact that there was still a deep snow cover. This increase
in the animal’s activity was presumably due to weather coenditions,
namely the last heavier snow fall took place in mid-February, while in
March there were very strong winds which brought about considerable
hardening of the snow cover, chiefly on the open spaces of tree planta-
tions. The surface of the snow was sufficiently hard to support the
weight of roe deer, and this made an increase in their activity possible.
During this period, however, the activity of the red deer decreased
noiiceably (to approx. 5% of all winter tracks of this animal), since the
hard surface layer of snow could not support the considerable weight
of these animals, The activity of both species of animals increased in
April.

During the winter season of 1970/71 there was only a light snow
cover, with maximum depth of 30 cm, and even so it only lasted for
a few days at a time. A relatively small number of tracks were observed
in December and April on account of the difficulty in descrying them.
In January and February the deer penetrated the areas to a more or
less even extent. When the iwo species of animals are considered sepa-
rately it can be seen, that the largest number of roe deer tracks were
observed in January and red deer tracks in February.

The {oregoing shows that a light snow cover does not hinder the
animals’ activity, but with a deep snow cover (such as occurred in the
winter 1969/70} the deer are greatly limited in their movements (Fig. 9).

11, DISCUSSION

The composilion of the food of deer has been examined by different
authors, using a large number of methods, among which those most
frequently employed are: (1) Field studies — consisting in observations
of free-living animals (Sablinag, 1955, Wilkins, 1957, Lovaas,
1958), of their feeding places (SBablina, 1955, Ahlen, 1965), by
means of tracks left in the snow and observations of tamed animals
{(MecMahan, 1964; Dzieciolowski, 1967) and by means of tests
in an enclosure (Alkon, 1961; Dzieciolowski, 1970b). (2)
Laboratory studies — consisting in analysis of the contents of the rumen
(Wilkins, 1857, Lovaas, 1958; Siuda et al, 1969; Dzie-
ciolowski, 1970), or analysis of excreta (Klein, 1962).

In the present study use has been made of the field method, by
examining traces of the presence and feceding of deer on selected study
areas, Setting up permanent study areas permitted, inter alia, of collect-
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ing data on different habitats of a forest character, taking into account
the age of tree stands and also variation in intensity of the animals’
feeding over the yearly cycle, An additional advantage obtained by using
the above method was the possibility of making phytosociological surveys
which in effect permitted of obtaining data of the abundance of the
different species of plants in the area. At the same time, on acceunt of
the fact that three species of ungulates (European hison, red deer and
roe deer) live in the same area, it was possible to attempt to grasp
differences in food preferences and penetration of the different eco-
systems by the animals, Meteorological ohservaiions and measurements
of the depth of the snow cover were made simultaneously, and data were
then used to determine the effect of these factors on the food relations
of ungulates. In general, the above method made it possible to carry
out very comprehensive studies on the food relations of deer and the
European bison in relation to the habitat in which these animals live.

There are, however, certain deficiencies in the above method, among
the most important of which is the impossibility of discovering the whole
of the food consumed by the feeding animal in the study areas. This
applies chiefly to plants of the herb layer, observations of which were
made twice a month, and traces of ungulates’ feeding on herb layer
plants could disappear in a natural way during the time between suc-
cessive recordings in the areas, At the same time part of the traces of
feeding on small plants growing compactly might escape the observer’s
notice, In winter a certain number of contacis were missed in cases in
which snow fall during the time between the animals' feeding and the
observations made. This last phenomenon took place particularly often
at the end of autumn — beginning of winter, and end of winter —
beginning of spring. The above reservations are borne out by data in
literature; Wallmo et al. (1973) tested a number of the methods used
to define the food preferences of deer, inter alig, also the method of
counting traces of the animals' feeding on specially marked plots. Tame
individuals of Odocoileus hemionus were used as a means of testing this
method. The observer noted from close up each portion consumed by
the animais and identified the plant species eaten. The next day another
observed recorded the traces left by QOdocoileus hemionus feeding in
plots measuring 10X10 m. Each individual plant was carefully inspected
and the number of missing shoots recorded. When the two methods
were compared it was found that the animal's consumption of shrubs
and dicotyledonous forbs had been under-estimated, and of pgrasses

over-estimated.
Objections as to failure to grasp the whole of the food eaten by deer
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are also confirmed by the results of the study made by Sieviercov
& Sablina (1953)and Sablina (1955). They examined the compo-
sition of the diet of deer by means of two methods (1) by observations
of feeding animals and (2) recording traces of feeding in selected areas.
The percentage formed by dicotyvledonous forbs in the food of roe der
and deer over the yearly cycle as given by the Soviet authors is far
higher during the period from June to September than that obtained
from our studies (Fig. 10).

The error in defining the participation of herbaceous plants in the
diet of deer is also confirmed by the series of tests made (Kossak
in litt.) on a tame roe deer. It was found that in early spring the basis
of this animal's food was formed by small dicotyledonous forbs, chiefly
Oxaits acetosellz. In the floristic lists inciuded in this paper this species
comes very far down the list, forming only 0.1% of the succulent food
eaten by deer,
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Fig. 10, Percenlages formed by irees, shrubs and dwari-shrubs, and by dicotyle-
donous forbs, grasses, sedges and rushes (hatched) in the food of deer over the
yearly cycle.

A deer {our own studies}, B. roe deer (modified after Sablina, 1955), C. red
decr {modified after Sablina, 1955).

On account of the above objections the ratio of ligneous food (83.4%0)
to succulent food (16.6%4) calculated on the basis of Table 3 in the diet
of deer over the yearly cycle in the Bialowieza Primeval Forest is
undoubtedly considerably under-estimated, to the disadvantage of
succulent food.

Another considerable deficiency in the method used is the liability to
error in defining the species of feeding animal, particularly during the
season without a snow cover, In summer the majority of deer left no
tracks on the ground, which made it necessary to treat material obtained
during the snowfree period jointly, as relating to deer. In material re-
lating to the winter period also, when distinguishing between food eaten
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by the roe deer and red deer, a considerable amount of data had to be
obtained as it proved impossible to determine which species of animal
had fed on it,

Yet another disadvantage of this method is the actual distribution in
the Forest of the study areas, that is, choice of the sites of thc future
study areas was decided chiefly by the types of biotope and age of the
tree stands, while less attention was paid to the factors affecting the
behaviour of deer, Some of the areas were situated in the summer
ranges of the European bison, some were from time to time entered by
humans or were situated near roads and forest rides. The above may
have affected the biotope preferences of the deer. Since, however, data
obtained in winter were used for work on the wanderings of deer over
the area, during which time the European bison congregate near the
places in which fodder is put out for them, while the movements of
humans over the area markedly decrease, it may be considered that the
results obtained in the present study give an approximate idea of the
real preferences for ecosystems of the roe deer and red deer.

The data obtained in our studies show that in winter deer visit coni-
ferous forest habitats less often than they do stands of the Til:o-Carpi-
netum, their feeding in coniferous forests forming about 20% of the
whole of their winter food (from the 6 ecosystems examined). Dzie-
ciolowski (1969, 1971) found the reverse phenomenon to occur when
he used the method of direct observation of feeding animals and obtain-
ing information from their trace, that is, he found that the red deer
showed marked preference for the Peucedano-Pinetum associaticn (19%
of the area examined), while Stelario-Carpinetum was the least visited
association. Two associations, namely Fago-Quercetum and Pino-Querce-
tum, forming about 60% of the area examined, were not visited by red
deer, even to the degree correspending to the percentage of the area they
form. The author concludes that they are not habitats attractive to deer.
Qur data showed that the smallest number of plant species were included
in the diet of deer in coniferous forests {39), and the greatest number
in stands of the Tilio-Carpinetum (85). Dziecioltowski (1970b) pre-
sented similar relations between choice of food by deer and the type of
habitat. According to the data given by this author, the smaliest number
of plant species was eaten in coniferous forests (33), and the largest in
tree stands of the Tilio-Carpinetum (48). The above divergences in bio-
tope preferences can be partly explained by the intensive feeding of deer
on Pinus silvestris, which is a species occurring numerously in the co-
nifersus tree stands of the Bialowieza Forest. Over the yearly cycle,
however, it forms only 4.8% of the whole of browse. In winter it forms
20.5% of browse of deer and about 2% of total bark stripped. The



The food habits of deer 5301

results of tests made in enclosure (Dzieciolowski, 1970c) showed
that Pinus silvestris is not readily eaten by deer and forms a shunger«
food. It may therefore be concluded that the red deer feeds only to
a small extent in coniferous tree stands, since the rich deciduous tree
stands provide it with a sufficient supply of food. This is also shown
by the fact the remaining 80%¢ of the winter food of this animals
consists to a great extent of the shoots of ligheous planis which do not
occur in coniferous forest stands.

Qur studies have shown that the red deer consumes the least amount
of food in winter in Circaeo-Alnetum (approx. 6%} which agrees with
Dzieciolowski's data (1969).

In all age classes of tree stand and ecosystems the distribution of
feeding over the yearly cycle is characterized by a certain decrease in
spring and autumn, The spring decrease is accounted for in the first
place by the reduction in activity of part of the population, due to the
period of giving birth to and rearing young, and in the second place by
the animals’' spring migrations in search for food to the meadow and
sedge associations {cf. also Dzigciotowski, 1969) in April and May.
The above explanation is confirmed by the data given by Schloet et
al. (1961) on the migration of red deer to spring pastures, which takes
place in May. The autumn decrease in feeding (September—October)
may be connected with the start of the rutting period. As shown by
Fiser et al. (1958), stags taking part in reproduction consume far
smaller amounts of food, in which bark and dry needles of Pices ex-
celsa predominate, and also dry and green grass. Other species of plants
form only a negligible percentage of the stags’ food at this time.

The percentages formed by different plant species in the diet of deer
over the yearly cycle, given in our paper, are very similar to data
given by other authors (Baskin, 1965; Siuda et al. 1969; Dzieg-
cioctowski, 1970a, b).

It can be seen from the present study that in winter shoots of Pinus
silvestris, Carpinus betulus and Quercus robur predominated in the red
deers’ food (approx. 56%» of the whole of the browse consumed during
this period), although Malinovskaja (1972) considers Populus tre-
mula as the dominating species, The author in question, however, car-
ried out her studies on tame young red deer in an enclosure. The
animals were supplied with large quantities of hay during the course
of her studies {up to 47%e of the dry mass of fodder per month), which
resulted in the results obtained by this author being somewhat uncon-
vincing.

In elaborating material from the three study years we did not observe
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a single case of bark stripping by deer in summer. The first traces of
feeding in this form were observed in October, and the last in April.
Sablina (1853) states that in the Bialowieza Forest red deer strip
bark from two species of itree in summer: Picea excelsa in July and
Pinus silvestris in September.

The periods of winter bark stripping by red deer from the various
species of trees given by Sablina (1955) coincide with our data. In
the part of her study dealing with roe deer the author gives Salir ca-
prea, Populus tremula, Pinum silvestris and Fraxrinus excelsior as spe-
cies from which bark is stripped, whereas observations made during our
studies showed that the roe deer only sporadically stripped bark from
the species of trees: Acer platanoides and Alnus glutinosa.

An interesting problem arose when demonstrating differences between
roe deer and red deer in respect of their penetration of, and food pre-
ferences in different types of forest associations. These two spacies pe-
netrated their habitat {o a more or less even extent, which may indicate
that they mutually tolerate each other in the same area, but the distri-
bution of feeding in different ecosystems differed decidedly for ree deer
and red deer. Not a single case was observed of a given ecosystem being
markedly preferred by the two species of animals. It may be assumed
that this phenomenon is connected with mechanisms ensuring rational
use of the food supply by species of animals with similar biology living
for a considerable time in one area. It would therefore appear essential
to carry out special studies for the purpose of defining the extent to
which the ecological niches of ungulate animals overlap each other in
habitats with abundant food resources. Such studies could serve as
guiding principles in solving problems connected with hunting and
forestry management. One of the important problems of such manage-
ment is in fact the question of simultaneous occupation of a common
area by different species of deer and their effect on the quality of tree
stands.

A further problem of possible importance to forestry management is
presented by the phenomenon described in the study by Kossak
(1976), i.e. the occurrence of so-called fcod clusters in the diet of deer.
The majority of authors have so far limited themselves to giving the
order of preference for plant species in the animals’ diet on the basis of
the percentage formed by such species in the food consumed by deer.
Comparison of the abundance of occurrence of plants in the area with
the degree to which they are caten by deer shows that this degree
differs in different biotopes and depends on the degree to which other
species growing in the given biotope are consumed (cf. Kossak, 1976).
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Tre possibility referred to, that food clusters may exist in the diet of
deer, may be of assistance in studies concerned with limitation of
damage done by game animals. If the composition of food clusters is
known, it is then possible to direct hunting management in such a way
(by setiling appropriate species of ungulates in different biotopes,
planting the proper species of trees and shrubs in special plots for the
animrals to feed on, care of the quality of the herb layer etc.), as to
ensure fhat the given ecosystem provides the animals with a wide range
of focd including all important plants in the cluster, In effect, by distri-
buting the animals’ feeding over a large number of plant species, fre-
guently of less importance from the aspect of forest management, this
may limit the damage done to valuable plant species.

The phenomenon of preference by deer for herb layer plants at given
development stages is connected with the problem referred to above. It
has been found that deer markedly prefer planis passing through the
generative stages (Kossak, in prep.). This phenomenon is particularly
important in the early spring and spring period, when the animals
iransfer from their winter diet, with the narrow range of components,
to a diet composed to a great extent of early flowering and fruiting
dicotyledonous forbs. If the herb layer is luxuriant and varied in the
given biotope, this may considerably reduce the extent to which deer
feed on ligneous plants, It is clear from the foregoing that due attention
to the forest herb layer, as a factor limiting damage done by game
animals, in essential.

The present study should be followed up by a series of studies aimed
at calculating the optimum number of deer which can live in the Bia-
lowieza Primeval Forest. Estimation of the food resources of the Forest
and the food requirements of deer should contribute to such studies.
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Stanislaw BOROWSKI! i Simona KOSSAK

STOSUNKI POKARMOWE JELENIOWATYCH W PUSZCZY BIALOWIESKIEJS
Streszezenie

Badania nad skladem pokarmu sarny i jelenia prowadzono na terenie polskiej
czgsci Puszezy Biatowieskiej w latach 1968—1971, metods notowania wszelkich §la-
déw bytnodci i Zerowania zwierzat na 60 powierzchniach dofwiadczalnych. Po-
wierzchnie rozmieszezomw w 6 zespolach lesnych charakterystycznyech dia Puszezy
Biatowieskiej (Ryc. 1, Tabela 1) i w ¢ klasach wieku drzewostanéw. Na podstawie
zdjeé fitosocjologicznych obliczono wspdtczynniki obfitofei wystepowania poszeze-
golnyeh gatunkow roslin, Zerowanie zwierzat na roflinach notowanc w formie kon-
taktow, uznajac za jednostke Zeru zgryzienie 1 pedu drzewa lub krzewu, zgryzie-
nie 1 okazu (calego lub fragmentu) rosliny zielnej, lub zgryzienie 1 kepy trawy
czy turzycy. Iloéé ospalowanej kory mierzono w cm? Ze wzgledu na znaczne réi-
nice w masie tak zapisanych jednostek zerowania, sporzadzono przeliczniki unifi-
kujace material. Przeliczniki oparto o suche masy préb pobranych w poblizu po-
wierzehni do$wiadczalnych. Dokladng metode unifikacji danyech podano w pracy
Borowsk{ & Kossak (1872).

Caloi¢ danych uzyskanych na powierzchniach dofwiadezalnych zebrano w liste
florystyczng zawierajgeg spis drzew, krzewdw i krzewinek oraz roflin zielnych,
traw i turzye wystepujacych w pokarmie jeleniowatych (Tabela 3). Ogoélem w die-
cie zwierzat stwierdzono wystepowanic 36 gatunkow roélin drzewiastych i 137 ziel-
nych z trawami, W grupie drzew dominuje Carpinus betulus, Fraxinus excelsior,
Quercus robur, Salix coprea, w grupie ro$lin zielnych =za$4: Eoanunculus repens,
Caltha palustris, Filipendula ulmaria, Aegopodium podagraria i I'mpatiens noli-
-tangere.

Poréwnano udrial poszezegélnych gatunkdow w pokarmie jeleniowatych pobra-
nym w rdéznych ekosystemach z ich wspdlezynnikiem obfitosei wystepowania (Ta-
bela 3} Im wyiszy jest wspoOlczynnik obfitosei rodliny preferowanej przez zwie-
rzetz, tym czeiciej wystebuje ona w diecie zwierzat,

Przesledzono ¢ykl roczny zerowania jeleniowatych w 6 ekosystemach (Rye. 2).
Przy rozpatrywaniu skladu gatunkowepgo diety w kolejnych miesigeach, nie zano-
towano przypadlku wystapienia w niej wszystkich gatunkéw zamieszezonych w li-
tcie florystycznej. Najwieksza ilo§¢ gatunkéw rodlin drzewiastych w diecie zwie-
rzat zanotowano w czerweu w T—C, (24 gal) i w Q4 w lipen 1 w lutym {21
gaty (Ryc. 2A).

We wszystkich badanych ekosystemach wysiepuje letnie i zimowe nasilenie ze-
rowania jeleniowatvch na roélinach drzewiastych, Letni szczyt zerowania laczy sig
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ze wzbdgaceniem diety w gatunki. Zimg zwierzeta zerujg intensywnie, lecz na nie-
wielkiej ilotei gatunkaw. Wyjatkiem jest zespét C—A, w ktérym w lutym zapi-
sano tg samg ilod¢ Zerowanych gatunkéw co w lipcu (21) (Ryc. 2A). W grupie ro-
$lin zielnych i traw szczyi Zerowania zwierzat przypada na miesigce wezesnoletnie
(Ryc. 2B). W tym czasie notuje sig réwniez najwiecej gatunkéw w diecie jelenio-
watych, .

Przetledzono roczny rozklad zerowania jeleniowatych w 4 klasach wieku drze-
wostanu (Ryc. 4). W obu grupach roflin dominuje Zer pobrany w milodnikach i na
uprawach. W grupie roflin zielnych ma mieisce nasilenie zerowania w starodrze-
wiach w okresie wiosny i jesieni.

Opisano (Ryc. 5) roczny cykl ierowania zwierzgt na wybranych 12 gatunkach
roslin drzewiastych (stanowigcych 87% Zeru drzewiastego) i 8 gatunkach roflin
zielnych (81% Zzeru zielnego) uwzgledniajge typ lasu, klase wieku drzewostanu i po-
rownaneo z cyklami fenologicznymi tych roélin, W grupie drzew, krzewdw i krze-
winek nie zauwaiono zwigzku intensywnofei Zerowsnia jeleniowatych z porami
fenologicznymi rosiin, natomiast w grupie rodlin zielnych zwieksza sie intensyw-
ned¢ zerowania zwierzgt na roslinach przechodzacych stadia generatywne (K os-
sak, 1979),

Z calosci materialu wydzielong zer zimowy sarny i jelenia, uwzgledniajge Zzer
pobrany przez zgryzanie pedéw i spalowanje kory. Skiad gatunkowy diety obu
patunkéw zwierzat jest zblizZony (Tab, 4), z tym Ze jelen pobiera znaczne iloéci
kory, ktéra w pokarmie sarny nie odgrywa istotnej roli. Kora w zimowym po-
karmie jelenia stanowi ok. 47%e. '

Przefledzono zwigzki miedzy ruchliwobeig jeleniowatych a intensywnosicia Zero-
wania w okresie zimy (Ryc. 8). Stwierdzono niewielkie réznice w penectrowanin
przez zwierzeta poszczegblnych tkosystemdw, natomiast pod wzgledem ilofei po-
branego zeru sarna preferuje siedliska C—Q i C—A, jeleh natomiast T—C, i T—C,.
Powyisze wplywa na rownomierne wykorzystywanie przez jeleniowate bazy po-
karmowej.

Przesledzono wplyw wysokosci poKrywy $nieinej na ruchliwo$¢ zwierzat w
irzech kolejnych sezonach zimowych (Ryc, 9). Przy pokrywie sniegu wynoszacej
ok. 30 cm nie zauwazono zmiejszenia sie ruchliwofci jeleniowatych, Pokrywa $rie-
fu powyzej 50 c¢m ograniczyla penetracje sarny, powyiej 80 cm — jelenia.



