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An estimate was made of seasonal consumption and digestibility in
vivo of the natural food of the roe deer, and also of the digestibility of the
dominating species of herb layer plants and browse cut every month
in a deciduous tree stand of the Niepolomice Forest in the south of
Poland by means of in vitro and nylon bag methods. Consumption of
dry matter of browse depended on its digestibility and fibre content.
The digestibility of browse, on the other hand, depended on the degree
of phenological development of plants. A negative correlation was found
between digestibility and fibre contents in food and a positive correla-
tion for protein content. Digestibility in vitro is greater in the case of
the leaves of trees and bushes than browse, while the digestibility of
herb layer plants was greater throughout the whole growing season
than that of browse. The results of examination of digestibility in vitro
of mixed diets (herb layer plants and browse) did not show that herb-
layer plants have any important effect on the digestibility of browse.
The high degree of correlation between digestibility in vivo and in
vitro (r=0.980), and a knowledge of the relation between food intake
and digestibility, made it possible to draw up an equation evaluating
the level of the roe-deer’s dry matter intake (DMD) with known dige-
stibility in vitro (IVDMD) of food: DMI=9.07+0.927 IVDMD. Food with
minimum 58% digestibility is required to cover the energetic main-
tenance costs of the roe-deer. It was found that the food supply of
deer in winter depends not on the amount of browse, but on its digesti-
bility and the possibility of supplementing it by easily digestible food —
herb layer plants, grass or leaves.

- [Jagiellonian Univ., Dept. Anim. Ecol., Karasia 6, 30-060 Krakow]

1. INTRODUCTION

Rational hunting management involves definition of what is known
as the food carrying capacity of a given habitat (Dzigciolowski,
1970), and to define this it is essential to have data on the population’s
consumption level and food supply (Grodzinski, 1975). When
amount of production and natural food supply, and also consumption,
are known, it is possible to evaluate the direct effect of the population
on the habitat and to arrive at decisions to maintain the optimum
number of individuals in a given area.

1 Present address: [Inst. Zootechnics, Sheep Exp. Stat., Bielanka, 34-423 Sieniawa,,
Poland].
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The studies made up to the present on the food supply of deer, carried
out from the aspect of amount of biomass, dry matter or energy of the
food produced per unit of area (Dzieciolowski, 1970; Bobek
et al., 1972; Bobek et al.,, 1975) are insufficient. The natural food of
deer is subject to considerable variations during the yearly cycle, both
in respect of chemical composition and nutritive value, and therefore
intensive studies aimed at defining its quality are essential. The nutri-
tive value, and not the amount of food available, determines the level
of consumption and its utilization by animals (Nagy et al., 1969,
Morris& Kovner, 1970; Ammann et al.,, 1973). The quality of
food also determines rate of growth (Newsome et al., 1968; Ullrey
et al., 1967, Nordan et al., 1970), breeding success (Nordan et al,,
1968), the animal’s condition, length of life, and ability to survive
through unfavourable winter conditions (Urness et al., 1971).

Nutritive value should therefore, in addition to estimation of the na-
tural food supply, be the basic criterion for evaluating the food carrying
capacity of the habitat for deer. A measure of the nutritive value of
food is, according to Barnes (1965), its chemical composition and
-digestibility. These two parameters also exert a decisive influence on
the animals’ food preferences in relation to different plants (Van Dyne
& Heady, 1965) and also of parts of such plants (Cowan et al,
1970).

Determination of the digestibility of natural food over the yearly
cycle permits of estimating the food supply for animals in the given
area in categories of the sum total of total digestible nutrients (T DN),
digestible energy (DE), or dry matter digestibility (DMD), while a know-
ledge of the relation between food digestibility and its voluntary intake
(VI) permits of evaluating the possibility of supplying the energetic
cost of the animals’ maintenance, depending on the food currently
available.

The classic time-consuming method, involving complete collection of
faeces and a large amount of food, is inadequate for a complex evalu-
ation of the digestibility of natural food consisting of a large number
of plant species. An additional difficulty in using this method for wild
-animals is the necessity for elimination of selective consumption of the
diet supplied. In such studies it is consequently essential to use micro-
digestion trials, either with nylon bags or the method in vitro simu-
lating rumen fermentation under artificial conditions.

The great degree of similarity between the rumen physiology of deer
and sheep (Cowan et al, 1970; Short, 1970) permits not only of
using the rumen fluid of fistulated sheep for studies on digestion in
vitro, but also of using the method for evaluating digestibility in vivo
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in nylon bags containing food samples inserted for a certain period
into the rumen of fistulated sheep. The fact that the samples are
digested under the natural conditions in the animal’s rumen (in vivo)
makes this method of great advantage. The problem then arises as to
what degree results obtained by means of the microdigestion methods
agree with results obtained by the classic method.

The present study has been devoted to evaluation of the digestibility
of dominating species of plants forming the natural food of roe-deer
over the course of a year. Chief emphasis was laid on analysis of the
value of the roe-deer’s winter food, taking into consideration, in addi-
tion to browse, which has hitherto been considered their dominating
food (Siuda et al., 1969), the digestibility in vitro of herb layer plants,
since studies so far made on the digestibility of browse consumed by
roe-deer have shown that browse itself cannot form a sufficient food
for these animals during winter (Drozdz & Osiecki, 1973;
Drozdz etal., 1975).

The wide range of studies carried out in Poland on the role of
ungulates in forest ecosystems has included detailed evaluation of the
food supply of deer (Bobek et al, 1974; Grodzinski & Pucek,
1975). The question then arises as to the value represented by this
potential food of deer and to what degree it can be used by roe-deer.

The pui‘pose of this study was: (1) to define the digestibility of natural
food during the yearly cycle, taking into consideration the critical winter
period, using both classic and micro-digestion methods, (2) to estimate
food consumption by roe-deer depending on chemical composition,
digestibility and the season, (3) to estimate the nutritive value of food
available to roe-deer over the yearly cycle.

2. MATERIAL AND METHODS

2.1. Examination of Digestibility by the Classic Method

Studies on the digestibility in vivo of natural food were carried out on 10
roe-deer of both sexes, using the method described by Drozdz & Osiecki
(1973). The roe-deer were fed in spring, summer and autumn on the current
year’s new-growth branches together with leaves, using 3—4 species in different
combinations, and in winter twigs only of not more than 3 mm in diameter,
since the shoots most often cropped by roe-deer under natural conditions are
from 2 to 4 mm in diameter (Bobek et al., 1978).

In order to compare results obtained by the classic method with results obtained
by the use of micro-digestion methods, 30 experiments on digestion were chosen
(Drozdz & Osiecki, 1973; Drozdz et al, 1975; Pietrzak, 1974) in which
examination was made over the whole of a year of consumption and digestibility
of diets consisting of the following species of trees and shrubs: Abies alba, Betula



140 A. Drozdz

verrucosa, Carpinus betulus, Corylus avellana, Fagus silvatica, Populus tremula,
Rubus idaeus, Quercus robur, Salix caprea, Tilia cordata, Vaccinium myrtillus.

Representative samples of food for chemical and micro-digestion analyses were
prepared, bearing in mind the food preferences shown by roe-deer during the
course of the experiment. Standard chemical analysis was used for both food and
faeces (A.0.A.C., 1960), which were burnt in a bomb calorimeter.

2.2. Examination of Digestibility by the in vitro Method

In vitro dry mass digestibility (IVDMD) of browse and herb layer plants samples
was defined after Tilley & Terry (1963). Analysis was also made of represen-
tative food samples from the above-mentioned digestion experiments, the terminal
parts of new growth twigs cut every month, and also of parts of herb layer plants
collected in the Niepolomice Forest near Krakédw in stands of Tilio-Carpinetum.
In summer the terminal parts were cut together with leaves, but in winter the
leafless ends of twigs only. Samples of twigs and herb layer plants were dried,
ground, sifted through a sieve, again dried and stored in airtight vessels. Ma-
terial was cut from 12 species of trees and shrubs: Alnus glutinosa, Betula verru-
cosa, Carpinus betulus, Frangula alnus; Fraxinus excelsior, Populus tremula, Quer-
cus robur, Rubus sp. Rubus idaeus, Salix caprea, Tilia cordata, Sambucus nigra.
In May, September and November samples were taken of 10 dominating species
of herb layer plants in the Niepolomice Forest and also samples of herb layer
plants from different age classes of the forest (Tables 1, 2; see sect. 3.6.2.).

About 500 mg of the sample in three repeats, and with a control sample, were
fermented in test tubes of 100 cm? capacity in the presence of rumen fluid and
a buffer. The rumen fluid was drawn off into a thermos in the presence of CO,
from a fistulated sheep fed with hay. Not more than 30 minutes elapsed from the
time of drawing off the fluid to the start of incubation, which ensured the vitality
of Protozoa and good quality of the fluid (Schwartz & Nagy, 1972). Incuba-
tion temperature was 39°C. Fermentation was terminated after 48 hours by means
of hydrochloric acid, pH was reduced to 1.2. and the sample treated with pepsin.
After a subsequent 48-hour period the contents of the test tubes were filtered
through No. 388 filter paper, dried and dry matter loss calculated. Similar procedure
was used with representative samples of food from the feeding experiments carried
out by the method in vivo.

In vitro organic matter digestibility (IVOMD) was defined by burning samples
before digestion and undigested parts of samples in a crucible. Calculations were
then made, taking into account the ash content in a sample and its apparent
digestibility (see section 3.8.).

2.3. Evaluation of Digestibility by the Nylon Bag Method

From 5—10 nylon bags containing 2 g samples were introduced through a fistula
for a period of 48 hours into the rumen of a sheep, fed throughout the experiment
on hay. These samples were prepared identically with those used for in vitro
digestion testing. After the bags were removed from the rumen they were rinsed
under running water to free them of external impurities, then rinsed in dishes
separatel;” and dried to constant weight. Digestibility was calculated from the
difference in weight of the sample before and after digestion. Three representative
samples from each species examined were digested in the way described, intro-
ducing them into the rumen in different combinations with other samples.
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In order to compare this method with that of Tilley & Terry (1963) and
avoid errors due to »physical losses« such as took place when rinsing the bags,
the water in which they were rinsed was filtered through No. 388 filter paper.
The residue on the filter paper was added to the undigested part of the sample.
In this way a criterion of identical size of particles considered as digested (in both
methods such particles as pass through filter paper No. 388) was maintained.

In order to ascertain whether easily digestible herb layer plants tend to increase
the digestibility of tree shoots, mixed diets consisting of the herb layer plants
Oxalis acetosella and Aegopodium podagraria (H) and 12 species of tree shoots
(T) from May and June were mixed with each other in different ratios: iT:1H,
2T:1H, 1H:2H, and digested by the in vitro method. The winter shoots had a mean
in vitro digestibility of 32%,, the spring shoots — 65% and herb layer plants 85%.

The results were interpreted by calculating the equation of straight line re-
gression, correlations and significance of differences (test t) in accordance with
the generally accepted statistical methods.

3. RESULTS

3.1. Chemical Composition of the Foods Examined

The chemical composition of samples digested in vitro collected over
the yearly cycle (average for 12 species), and chemical composition of
foods, examined by both the in vitro and in vivo methods, are com-
pared in Fig. 1. Contents of water, crude protein, fibre, ether extract,
mineral substances and N-free extract were analyzed and caloric value
defined.

Water content in material collected every month decreased during
the growing season. Branches with fresh new growth cut in May con-
tained on an average 76%0 water. As growth proceeded water content
was about 65%0 during the summer months, from 50 to 62% in autumn
and decreased even more abruptly in winter after the leaves had fallen.
Leafless branches had from 35 to 42% of water only (Fig. 1).

Protein content was also characterized by a distinct decrease. During
the growing season 22%g of protein was found in new-growth twigs in
May, in summer — June, July — from 16 to 18%, and in autumn
there was not more thant 10% of this component. During the winter
months there was from 6—7%0 of crude protein in shoots. Mineral sub-
stances exhibited a decrease in content from 8% in May to 3.5% in
December.

The reverse relation was observed in respect of crude fibre content.
The percentage of fibre increases with the growth of shoots, and con-
sequently only 13.9% of fibre was found in the May new-growth twigs,
but a maximum of as much as 40% in the mature ligneous winter
twigs. The ether extract content varied from 2.4 to 7.8%0 and did not
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exhibit any distinct seasonal changes. The percentage of N-free extract
content was calculated from the difference between protein, fibre and
mineral substances contents and fluctuated within limits of up to 50%
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Fig. 1. Seasonal variations in the contents of certain chemical components in brow-
se cut every month in a Tilio-Carpinetum stand of the Niepolomice Forest, ex-
pressed in percentages of dry matter.

of the dry mass of the samples examined. The caloric value of browse
was on an average 4.8 kcal/g (from 4.4 kcal/h in spring to 4.9 kcal/g
in winter).

3.2, Food Consumption by Roe-deer over the Yearly Cycle

3.2.1, Consumption of Biomass, Dry Matter and Energy

Natural food consumption by roe-deer varied within wide limits over
the yearly cycle. Roe-deer feeding on leafless shoots consumed least in
winter (December, January, February), from 580 g to 920 g of biomass,
whereas in spring (May, June) animals fed on the young current new-
growth twigs consumed from 2350 to over 3000 g of biomass. Con-
sumption expressed in dry matter, on account of the varying water
content in shoots, took a different course and for the analogical periods
was: in winter — average 450 g, 700 g in summer and 800 g in October.
On account of the different weights of the animals examined consump-
tion was expressed in kcal per metabolic body weight (kg®).

Maximum food consumption was found in the spring months — 70—
80 g of dry matter/kg®", in summer about 60—70 g, and in winter
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between 40 and 50 g dry matter/kg®™ per 24 hours. The curve of di-
gestible energy consumption followed a very similar course over the
yearly cycle. In spring roe-deer consumed on an average 250 kcal/kg®™,
in summer about 200 kcal and in winter from November to April not
more than 100 kcal of digestible energy/kg®™ per 24 hours (Fig. 2).
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Fig. 2. Daily dry matter intake in g/kg0.7 — 1, digestible energy in kcal/kgd- T — 2,

and crude protein in g/kg0.7% — 3 for roe-deer fed on browse at different times of

the year. Curves drawn from mean values of 2—4 experiments. Full range of
variation marked.

3.3. Relation between Consumption and Digestibility and

Chemical Composition of Natural Food

The level of consumption in roe-deer is clearly dependent on the
digestibility of its food. Foods with dry matter digestibility of 30—40%0
were consumed in minimum amounts — about 35 g of dry matter/kg?™
per 24 hours. For every 1% of reduction in coefficient of dry matter
digestibility (DMD) roe-deer decreased dry matter intake (DMI) by
about 1 g of dry matter of food/kg®"™ (Fig. 3).

A similar relation was found between the coefficient of digestible
energy (DE) and daily digestible energy intake (DEI) (Fig. 4) and gross
energy intake (Fig. 5) expressed in kcal/kg®? per 24 hours, and between
digestible energy intake (DEI) and coefficient of dry matter digestibility
(DMD) of the given food (Fig. 6).

The value of digestible energy intake is also determined by the
amount of energy obtained by roe-deer per 1 g of dry matter intake.
While roe-deer obtain from 2.5 to 3.5 kcal of digestible energy in
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Fig. 3. Dry matter intake in g/kgd-75 for roe-deer fed on natural food, depending
on food digestibility. DMI — dry matter intake, DMD — dry matter digestibility.
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spring and summer from each gramme of dry matter intake, in winter
this value does not exceed 2 kcal/g.

It can be seen from the equation of regression (Fig. 7) that increase
from 2 to 3 kcal in digestible energy concentration (DEC) obtained
from 1 g of dry matter increases its consumption (DEI) by 100 kcal/kg®™
per 24 hours. When roe-deer are fed on food supplying digestible energy
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Fig. 7. Relation between daily energy intake (DEI) for roe-deer, expressed in
kecal/kgd- 75 and amount of digestible energy obtained by roe-deer from 1 g of
digestible energy concentration (DEC).

of over 2 kcal/g there an increase in consumption is observed (Fig. 8).
Below this value, mainly in winter, there is a decided decrease in con-
sumption.

The level of consumption over a year is also determined by the che-
mical composition of the food available. The most important factor here
is thejevel of fibre and protein in the food. Winter foods with high
fibre fontent are consumed in amounts far smaller than the actual
energy needs of the animals. Browse containing from 30 to 40% of fibre
is consumed in amounts of about 30 g dry matter/kg®™ per 24 hours
(Fig. 9), whereas in spring, when there is only 10% of fibre in food (F)
this value is over 80 g dry mass kg®™.

Similarly the crude protein content affects the roe-deer’s food pre-
ferences in relation to food containing more of this component. When
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the level of food consumption was analyzed in relation to crude protein
content it was found that the increasing percentage of protein in food
is accompanied by an increase in consumption.
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Fig. 8. Seasonal variations in amount of digestible energy obtained from 1 g of
browse dry matter consumed by roe-deer.
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Fig. 9. Daily consumption of browse dry matter for roe-deer expressed in g/kg0.75
depending on fibre contents in food. DMI — dry matter intake, F — fibre content.
in food.

Crude protein consumption by roe-deer also varied seasonally (Fig. 2).
In spring and summer the food on which the animals were fed contain-
et 15—20% of protein, and consequently daily consumption varied
from 10 to 17 g/kg®™ over the growing season depending on food. In win-
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‘ter, as a result of reduced food consumption and the low content of
this component in the food, consumption did not exceed 5 g/kg®%™/day.

3.4. Digestibility of Natural Foods over the Yearly Cycle
3.4.1. Dry Matter Digestibility

Dry matter digestibility varied considerably over the yearly cycle
(Fig. 10). The highest digestibility coefficient was found when the roe-
deer were fed on May new-growth twigs of trees and shrubs. Dry
matter digestibility of such foods was on an average 73.5%, and 69%bo
in June. From July to October the digestibility of browse declined
slightly from 58 to 55%. Between October and November, after the
leaves had fallen, there was an abrupt decrease in the digestibility of
such foods. In winter the digestibility coefficient of natural food con-
sisting of the twigs of trees and shrubs was maintained on a constant
level only slightly exceeding 40%0 (Fig. 10).

80 A
S.nigra
60 Fatnus
in vitro Feccelsior

40 in vivo
> in vitro
= 20
2
T -
@
o
2
& 80 e
o
€
> 60
&

in vivo
40
in vitro

<
(=

J AS O N D J F M A
Mounths

¥Fig. 10. (A) Average digestibility of browse dry matter over the yearly cycle,
examined by: nylon bag method, for 9 species of trees and shrubs, in vitro for
the same species, in vitro for 3 species (Sambucus nigra, Frangula alnus, Fraxinus
excelsior). (B) Average digestibility of the dry matter of whole diets composed
of twigs of trees and shrubs examined by in vitro method and in vive method.
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3.4.2. Organic Matter Digestibility

The level of organic matter digestibility (OMD) is the function of
food digestibility and depends on the degree to which the animals make
use of mineral substances. In feeding experiments it was found that
the organic matter digestibility of browse was always a few per cent
higher than dry matter digestibility and, within the range of digestibility
coefficient from 40 to 80%s, is, according to the following equation:

OMD=4.54+0.974 DMD r=0.994 P<0.001 1)
3.5. Relation between Digestibility Coefficient and
Chemical Compvosition of Food

Fibre and crude protein contents were found to exert a marked effect
on the digestibility of dry matter. The correlation of dry matter digesti-
bility with fibre content in food (F) is negative and highly statistically
significant (Fig. 11).
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Fig. 11. Relation between dry matter digestibility of the roe-deer’s food and crude
fibre content in food. DMD — dry matter digestibility F — fibre content.

Since lower fibre content in browse is usually accompanied by a high-
er protein content, it is consequently possible to correlate protein con-
tent (PC) with dry matter digestibility (DMD).

DMD=23.69+2.31 PC r=0.899 P<0.01 (2)
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3.6. In vitro Digestibility of Natural Food
3.6.1. In vitro Digestibility of Browse

The digestibility of browse samples taken at monthly intervals decreas-
ed over the growing season. Maximum in vitro dry matter digestibility
was found in May — on an average 64.4%o for the 9 species of trees
and shrubs examined (Fig. 10). The most digestible during this period
proved to be elder — 78.4%, oak 78.0%0 and lime 75%, while alder
was the least digestible — 54.6%. After 25 days of growth from the
time of taking the first samples in June the average coefficient of dige-
stibility in vitro (IVDMD) was almost 1190 lower. A slightly smaller
decrease of only about 5% was found in July. Throughout the whole
of the summer up to the time the leaves fell the digestibility of browse
decreased by a further 5%, with a value of 43.1% in October. In summer
over 50%o digestibility was found for the species of trees examined, as
follows: lime 55%0, willow 55%0 and hornbeam 51%.. After the leaves
fall, in vitro dry matter digestibility of browse decreases and never
exceeds 35% throughout the whole winter. The lowest degree of digest-
ibility is found during this period for oak — 24.7%, birch — 27.7%»
and alder — 26.6%o.

In respect of this characteristic ash, buckthorn and elder have slightly
different values (Fig. 10). The new growth of the above species is
highly digestible throughout the whole growing season, in both summer
and autumn, and buckthorn and elder are easily digestible, even after
the leaves fall. Their digestibility is respectively 46.6 and 38.6%, but
the leafless twigs of the ash are exceptionally indigestible — 22%,. The
greatest differentiation in respect of browse digestibility was found in
autumn (22—46%0), due to the different character of digestibility of cer-
tain components of the food available to roe-deer in the Niepotlomice Fo-
rest, namely buckthorn, elder and ash.

3.6.2. In vitro Digestibility of the Leaves of Trees and Shrubs

In vitro digestibility of the leaves of trees during the growing season
was similar to that of whole twigs, although the rate of the decrease in
digestibility was slower. In May digestibility was an average 70%s
(80%0 — oak, 78%0 — lime, 65%0 — alder) (Fig. 12). The rate of decline
in digestibility of the leaves of trees and shrubs over the growing season
is not uniform. Digestibility decreases more quickly in the leaves of
oak, birch and alder than in lime, willow or ash. An example of the
diminishing digestibility of the leaves of oak and elder is given in Fig.
13. While the digestibility of oak leaves — an important component of
food of roe-deer in the deciduous treestand of the Niepotlomice Forest —
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declines rapidly, in the case of elder leaves this is maintained on a very
high level throughout the greater part of the season.
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Fig. 12. Comparison of in vitro digestibility of leaves, browse and tree and bush
twigs alone. Complete range of variability given.
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Fig. 13. In wvitro digestibility of twig samples of Quercus robur and Sambucus
nigra.

The digestibility of the current year’s new-growth twigs is very simi-
lar to that of leaves during the initial period of the growing season,
but as the season advances it decreases more abruptly than that of
leaves, reaching an average digestibility of 32—35% during the winter.
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Maximum digestibility during winter found for twigs of trees was cha-
racteristic of the willow — 40%o.

The ends of twigs, together with winter buds, having a higher protein
content than the whole twigs, are also characterized by a higher degree
of digestibility in relation to the whole annual new-growth twigs taken
for analysis. For the 4 species of trees examined these values were the
lowest in alder and birch (36 and 43%) and highest in willow and lime
(48 and 51%0). On account of the high protein content in these parts of
twigs and their greater digestibility selection of these parts of plants
by roe-deer decidedly improves the animals’ energy balance.

- 3.6.3. In vitro Digestibility of Herb Layer Plants

In vitro digestibility of species of herb layer plants of the deciduous
treestands of the Niepolomice Forest in given months of the growing
season (May, July, September, November) are set out in Table 1.

Table 1

In wvitro digestibility of herb layer plants of a deciduous tree stand
in the Niepolomice Forest in certain periods of the growing season
(expressed in percentages of dry matter).

Species May July September November
Aegopodium podagraria 72.0 69.2 54.0 48.0
Anemone nemorosa 80.5 62.0 — —
Asarum europaeum 60.1 62.3 58.4 55.2
Carex brizoides 76.2 68.1 55.1 48.1
Ficaria verna 84.8 83.7 85.2 —
Impatiens noli tangere 75.2 72.1 73.1 —
Muycelis muralis 85.0 83.1 72.1 —
Oxalis acetosella 85.3 84.3 85.2 —_
Rubus sp. (leaves) 69.2 58.2 51.5 48.3
Viola silvestris 81.2 82.1 — —
Grasses (Graminae) 76.2 68.1 55.1 48.3
Sedge (Carex sp.) 75.1 65.8 52.2 45.2
Dry leaves of trees — — — 38.8

Plants were characterized by maximum digestibility at the beginning
of the growing season — in May, Owxalis acetosella over 85%., Mycelis
muralis 85%,, but only 60% for Asarum europaeum. As the growing
season advanced, digestibility in general decreased, except that digesti-
bility in Oxalis acetosella, Mycelis muralis and Ficaria verna was main-
tained on a high level throughout the whole season (over 70%). Mini-
mum digestibility was found for sedge and grasses, particulary in au-
tumn (42 to 45%0).

The digestibility of herb layer plants is different in different age
classes of the forest, as shown in Table 2. While in vitro digestibility
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is similar and higher in both the plantations and the old tree stand in
May (average 75%), in the summer and autumn months there were
considerable differences found in the different age classes of the tree-
stand. In vitro digestibility decreased most rapidly in plantations, where
the herb layer consisted mainly of grasses, and most slowly in the old
tree stand, a considerable percentage of the herb layer of which con--

Table 2
In wvitro digestibility of herb layer plants in different age classes of

a deciduous tree stand in the Niepolomice Forest (in percentages of
dry matter).

Age classes of tree stand May July September November

Seedling plantations 75.2 65.0 48.0 332
Young tree plantations 74.2 68.0 51.0 39.4
Fully-grown trees 71.2 68.5 51.4 42.0
Old trees stand 75.8 72.0 70.8 45.1
Average 74.1 68.4 55.3 39.9

sists of dicotyledonous plants. These plants are usually characterized
by a greater digestibility in vitro than monocotyledonous plants (Diet z,
1970).

3.7. Examination of Browse Digestibility by the Nylon
Bag Method

The results of digestibility tests of the twigs of 12 species of trees and
shrubs evaluated by the nylon bag method are given in Fig. 10. Maxi-
mum digestibility was found, as was the case with the in vitro method,
for material cut in May. The digestibility curve falls in a similar course,
although when the two methods are compared it was found that from
May to September in vivo digestibility in nylon bags was always higher
than in vitro digestibility found by the method of Tilley & Terry
(1963) by an average of 5% (0.8 SD). The reverse process took place in
autumn and winter, when digestibility of samples in nylon bags was on
an average 4.5% (£ 0.7 SD).

Correlation between the in vitro method (IVDMD) and nylon bag me-
thod (NBDMD) is highly significant and was r=0.973 and is described
by the following equation:

IVDMD=12.65+0.699 NBDMD p<<0.01 3)

The results given in Fig. 10 represent data corrected by the method
described in section 2.3. Of the samples examined, 4.1% passed through
to the water during rinsing, raising the apparent digestibility of the
sample tested by this value. With digestion of easily-digestible food
(leaves, herb layer plants) this percentage was higher, being on an
average 6%, but 1—3%0 lower for digestion of winter twigs. When com-



154 A. Drozdz

paring the two methods the same criteria were used for estimating
loss of the substrate examined, defined as a percentage of digestibility
of the given food, by converting particles of food considered digestible
to identical size (section 2.3.).

3.8. In vitro Organic Matter Digestibility

In vitro organic matter digestibility was calculated by means of the
-equation

100 DMA—(AXAD)
(100—A)

IVOMD= 4

‘where A — 9/ of ash in the sample
AD — apparent digestibility of ash in %

‘Organic matter digestibility (IVOMD) was lower than the in vitro dry
matter digestibility (IVDMD) and for the 12 species of browse examined
was as shown in the following equation:

IVOMD=—3.8+1.01 IVDMD r=0.907 P<<0.01 )
The fact accounting for the different level of organic matter digestibility
in the two methods, in vitro and in vivo, is the difference in ash digesti-
bility. Mineral matter digestibility was on an average lower with the
in vivo method than dry matter digestibility. The reverse was the case
with mineral matter digestibility with the in vitro method.

3.9. In vitro Digestibility of Mixed Diets

The in vitro method makes it possible to arrive at quick evaluation
of digestibility, not only of the various components of diets but also
of mixtures of foods. The question then arises as to whether more
easily digested components affect the less digestible ones and whether
the factual digestibility of the mixture in the experiment in vitro is the
same as digestibility calculated by means of the weighed mean, taking
into consideration the percentages of different components in the mix-
ture. Fig. 14 shows a comparison of predicted — calculated digestibility
and the experimentally obtained actual digestibility. Herb layer plants
contribute very little to increasing in vitro digestibility of the whole
diet. In both summer, when digestibility of shoots and twigs did not
greatly differ from the digestibility of herb layer plants, or in winter
when there was considerable difference between the digestibility of
mixed components, herb layer plants were not found to exert
a statistically significant influence on browse digestibility. Increase of
digestibility in both experiments varied from 2—4 digestibility units
(Fig. 14). '
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Fig. 14. In vitro digestibility of samples consisting of shoots of trees and herb
layer plants, mixed in varying ratios.

a — shoots in May, b — shoots in January. Complete range of variations in ex-

perimentally obtained results indicated by dotted line, results anticipated from

calculation-continuous line. Each point represents average for 12 species of shoots
examined.

3.10. Relation between Digestibility in vitro and in vivo

Representative samples of the diets, the digestibility of which had
been tested by the classic in vivo method, were tested for in vitro di-
gestibility (Fig. 10). A high degree of correlation was found between the
two methods, of r=0.980, and the relation between in vivo dry matter
digestibility (DMD) and in vitro dry matter digestibility (IVDMD) was
expressed by the following equation:

DMD=2.16+1.03 IVDMD r=0.980 P<<0.001 (6)

A similarly high correlation was found between mean in vitro digesti-
bility of 9 species of trees and shrubs (IVDMD), the twigs of which had
been analyzed for digestibility at different times of the year, and in vivo
digestibility of different mixtures of diets composed of browse (Fig. 10).

in vivo DMD=6.0+1.09 IVDMD r=0.968 P<0.01 (7

This points to the fact that the digestibility of almost optionally com-
posed diets, consisting of the browse of different species of trees, is
determined by the phenological state of the latter.
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3.11. Evaluation of Food Consumption by Roe-deer
on the Basis of its in vitro Digestibility

Establishment of the relation between digestibility in vitro and in vivo
permits of foreseeing the roe-deer’s consumption of natural food of
known in vitro digestibility. The experiments made on digestibility
show that the relation between dry matter intake (DMI) by roe-deer
expressed in grammes/kg®"™ per 24 hours, and their in vitro digestibility
(IVDMD,) is

DMI=9.07+0.927 IVDMD r=0.689 pP<<0.01 8)

while the relation between digestible energy intake (DEI), expressed in
kcal/kg®™/24 hours, and in vitro digestibility (IVDMD) was estimated
as follows:

DEI=—99.0+4.69 IVDMD r=0.826 P<0.01 9)

4. DISCUSSION

4.1. Application of Microdigestion Methods to Evaluation of Digestibility

In view of the low costs and rapidity of analysis, microdigestion
methods are widely used in studies on animal foods (Piotrowski,
1974). The natural food of deer, consisting of over fifty species of plants
consumed at different stages of their phenological development, forms
ideal material for such studies. The use of microdigestion techniques
makes it possible at least partly to eliminate studies on wild animals
which frequently, when confined, behave differently than under natural
free conditions (Mautz, 1971). Food preferences add considerably to
the difficulty of experiments on digestibility carried out by classic or in-
dicator methods, and may lead to erroneous conclusions. These methods
also make it possible to trace the digestibility of different species of
plants or parts of such plants. It was found (Fig. 10, 13) that in vitro di-
gestibility of three species: Sambucus nigra, Fraxinus excelsior and Fran-
gula alnus, is maintained on a high level throughout the whole growing
season, while Sambucus nigra and Frangula alnus are also easily digested
in winter. These species are distinctly preferred by roe-deer (Bobek
et al., 1978) and undoubtedly form an important component of their diet.

The results of this study revealed a high degree of agreement between
the in vivo and in vitro methods in respect of digestion of whole mix-
tures of food, and are also very similar to the results obtained by other
authors (Meyer etal., 1971; Joshi, 1972; Saunders et al., 1973;
Short et al., 1973). As a result it is possible to foresee, with a con-
siderable degree of probability, the level of voluntary intake by roe-
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deer, of dry matter, or of energy, on the basis of a knowledge of in
vitro digestibility of natural food (equations 14, 15).

Digestibility tested by the nylon bag method (NBT) determined the
loss of dry food matter contained in nylon bags and inserted into the
rumen. This result depends to a considerable degree on the length of
time for which the sample remains in the rumen (Neathery, 1969)
and the size of the particles in the sample (Van Keuren & Heine-
man, 1962). Many authors have found a high degree of correlation
between digestibility obtained by the NBT method and by conventional
methods (Lusk, 1962; Lowrey et al.,, 1968). The studies made by
Neathery (1972) show that results of dry matter and fibre digestibi-
lity are closest to the results obtained by classic methods, and least
similar those of ether extract and protein. This is easy to understand,
since proteins are digested in the lower parts of the alimentary tract
(Church, 1974). Simulation of this process is the second stage of
digestion by pepsin in the in vitro method. For this reason, inter alia,
results obtained by the nylon bag method are usually lower than those
obtained by the two-stage in vitro method (Neathery, 1972).
Samples of browse in autumn and winter (Fig. 10) did in fact
reveal lesser digestibility in nylon bags than did the in wvitro
method, but this value was higher in spring samples. This phenomenon
may be accounted for by the diametrically different character of sum-
mer samples (chiefly leaves) and winter samples (ligneous twigs). While
the first may be very finely ground, the second usually have larger
particles. Thus despite the introduction of corrections for »physical
losses« (cf. 3.7.), making it possible to compare with results obtained
in vitro, the samples showed a loss of dry matter several percent
higher.

Very similar results were obtained by Monson et al. (1969) in
studies, using both methods, on digestibility of grass leaves and stems
in different stages of their phenological development. These authors
confirmed the high degree of correlation between the two methods
(r=0.81 for all samples tested) and showed that in vitro digestibility
usually exceeds NBT digestibility, although the young new-growth of
grasses possessed higher NBT digestibility than obtained by the in vitro
method. NBT digestibility of the later phenological stages of grass stems,
like that of the ligneous twigs in this study, was far lower than was
the case using the in vitro method. Differences in the digestibility of
these samples was as much as 10 digestibility units.

It is clear from the above discussion that by using Tilley and Terry’s
method results can be obtained which vary far less than when the nylon
bag method is used. This method can be used to replace to a great extent
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the expensive and time-consuming conventional method in studies on the
natural food of deer.
!

4,2, Relation between Digestibility and Degree
of Phenological Development

The three methods used showed clearly and unequivocally that digest-
ibility of natural food varies with growth of plants. The process of
browse maturation is always accompanied by a decrease in water and
protein content and increase in fibre contents (Fig. 1; Short et al,
1966; Short & Harrel, 1969; Bobek et al., 1974). In spring, for
instance, young new-growth twigs contain almost 20% of crude protein
and not even 20% of fibre, whereas in winter they contain less than
5% protein and fibre content increases to 40% (Fig. 1). The phenological
state of the food available undoubtedly affects the given food prefer-
ences of deer observed by Borowski & Kossak (1975) in dif-
ferent seasons. As in the case of grasses of papilionaceous plants, the
time of harvesting, or the given system of grazing and fertilizing may
cause far-reaching changes in the nutrient value and digestibility of
fodder. The chief factor reducing food digestibility is usually fibre. In
the present study a very distinct correlation was found between increase
in fibre content in browse and dry matter digestibility (Fig. 11). A large
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Fig. 15. Relation between coefficient of fibre digestibility and fibre content in food.
Points within circles represent data on foods from spring and early summer period.

number of authors have found similar relations for many species of
grasses in different stages of phenological development (cf. eg.,, Zio-
tecka, 1969).

A comparison of the relations between fibre digestibility (x) and its
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content in browse (y) is given in Fig. 15. The more fibre there was
in the food, the lower its digestibility. The fact that fibre was digested
by roe-deer to a different degree, depending on the phenological state
of the shoots fed to the animals, is evidence of its greatly varied che-
mical composition. The fibre in spring twigs was digested better than
in winter browse (Fig. 15). Similar results were obtained by Wallace
& Van Dyne (1970) for crude fibre, which was better utilized by
cattle in June than in August, and by Short & Reagor (1970) for
cell wall constituent (CWC), proving that the smaller amount of CWC
in the food of white-tailed deer, the better the digestibility of this
fraction. This is connected inter aliac with seasonal variations in the
quality of lignine which, as one of the chief components of fibre, deter-
mines the digestibility of food to a considerable degree. Evidence of
chemical variations in lignine have been giverr by Millet et al. (1970)
and Baker (1973), who found a higher degree of in vitro digestibility
for the lignine of deciduous tree species (birch, oak) than coniferous
(spruce, pine). Similarly Perzanowski (1978) found that the lignine
of herb layer plants is more digestible than that contained in winter
twigs.

Protein content, deficiency of which reduces the total digestibility of
food, also affects food digestibility (Nagy, 1970). Although roe-deer,
like other ruminants, can maintain a constant level of nitrogen in the
rumen for a certain time (Klein & Schenheyder, 1970), the way
to ensure a sufficient protein level in food is to supplement their diet
by herb layer plants, as being richer in protein and more digestible
(Table 2; Le Resche & Davis, 1973; Short, 1971; Urness et al.,
1971; Perzanowski, 1978), or the distal parts of twigs. These com-
ponents of the roe-deer’s diet are more digestible and contain a higher
percentage of protein than the other parts of new growth (Cowan
et al., 1970). .

Dry matter digestibility of the food available for roe-deer in the
deciduous tree stands of the Niepolomice Foreset exhibited very similar
seasonal variation to that in the results obtained by American authors
(Urness, 1969; Short, 1971). Young new-growth twigs have always
been characterized by maximum, and ligneous leafless twigs by mini-
mum, digestibility (Fig. 10). The digestibility of leaves and twigs in
spring is very similar, but in autumn differs considerably (Fig. 12).

The effect of herb layer plants, containing more protein on the digest-
ibility of twigs proved to be almost negligible (Fig. 14), but as some
authors have suggested, certain components of diet with high protein
content may contribute to an increase in digestibility by increasing the
activity of rumen flora (Nagy, 1970; Ziotecka, 1972; Church,
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1974), Some plants, however, such as Artemisia tridentata, cause marked
decrease in the digestibility of the whole diet by acting on the mi-
croorganisms of the rumen by mean of the essential oils contained in
them (Nagy etal, 1964; Nagy & Tengerdy, 1968).

4.3. Effect of the Composition of Food on its
Consumption and Ability to Cover the Energetic
Maintenance Expenditure of Roe-deer

The considerable differences in seasonal voluntary food intake found
in roe-deer (Fig. 2) were due to their being fed browse in varying degrees
of phenological development (Fig. 1). The fact has been proved that
voluntary intake by ruminants is considered as an important factor
defining the quality of food consumed (Heaney et al., 1968) and de-
pends primarily on the digestibility of the given food (Blaxter, 1966).
A large number of authors consider that it is not total digestibility, but
the rate at which a ruminant utilizes food, which is the factor deter-
mining the amount consumed (Mautz & Petrides, 1971; Snider
& Asplund, 1974). For this reason Snider & Asplund (1974)
examined, in addition to in vitro digestibility, so-called »organic matter
solubility« (OMS) of food samples, digesting them for half an hour in
rumen fluid. These authors state that such evaluation gives a better
description of the value of food of wild ruminants which, on account of
the smaller rumen (2.5—6.8%0 of body weight) in relation to domestic
ruminants (13% of body weight) must prefer rapidly digestible food
which is not retained for long in the rumen (Thomas et al., 1961).
The smaller rumen, however, allows the animal to be more active and
thus permits of satisfying food preferences to a greater degree.

Voluntary intake also depends on the chemical composition of food,

- particularly of fibre content or amount of cell wall, degree of lignifi-
cation or incrustation with silica as plants lignified, particularly of
branches (Van Soest, 1965; Van Soest & Jones, 1967; Short &
Reagor, 1970) and also on the amount of soluble carbohydrates (M i-
chell 1973).

The protein content in food also affects the consumption level of ru-
minants (Fig. 1). Na gy et al. (1969), who fed white-tailed deer on food
differing as to fibre and protein contents, found that the animals pre-
ferred food with a higher protein content, despite the considerable
amount of fibre in them. Since fibre was supplied in the form of cotton
husks, and not browse, this is proof that not fibre content itself, but the
physical character of food affects voluntary intake (Laredo & Min-
son, 1973).
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The fact that ruminants prefer more digestible food richer in protein
has been confirmed by a large number of research workers, who carried
out analysis of samples of food consumed by animals with an esophageal
fistula fitted (Van Dyne & Torrel, 1964; Van Dyne & Heady,
1965; Coleman & Barth, 1973), or of rumen contents (Rice,
1970), or by direct observation of the animals’ grazing (Bergerud,
1970).

Many authors have shown (Montgomery & Baumgardt, 1965;
Ammann et al., 1973), that food intake by ruminants increases with
increasing nutrient value of the food to a level satisfying the animal’s
energy requirements. As the nutrient value of food increases, dry matter
intake decreases and energy intake is maintained on a constant level.
We did not find stabilization of food intake or reduction in food con-
sumption in the relatively short experiments on digestion made in the
present study, but constant increase in food was recorded as its nutrient
value increased. A knowledge of the relation between food digestibility
and its voluntary intake permitted of defining the minimum food digest-
ibility which, under natural conditions, covers tne maintenance costs
of roe-deer (Fig. 6).

Ullrey et al., (1970) estimated the daily maintenance expenditure
of the white-tailed deer in winter as 131 kcal of metabolic energy,
ME/kg®®™, and Weiner (1977) on the basis of respirometric studies
of roe-deer, as 150 kcal ME/kg?™. Similarly Thompson et al. (1973)
and Holter et al. (1977) estimate daily maintenance expenditure of
the Odocoileus virginianus as from 150 to 160 kcal ME/kg®™. Assuming
that roe-deer have only browse available, since the deep snow cover
prevents access to herb layer plants, the daily energy deficit, on account
of the small browse consumption, would be at least 50 kcal of digestible
energy/kg®™ (Drozdz & Osiecki, 1973). The length of survival
under such conditions would depend on the animal’s store of energy
and the weather conditions prevailing. It is clear from the relation be-
tween energy intake and food energy concentration (Fig. 7), and between
dry matter digestibility and intake, that with digestible energy intake of
180 kcal, corresponding to about 150 kcal ME/kg®"®, (which may be
compared with respiration), the roe-deer must have food available of
minimum digestibility of 58% (Fig. 6). Such food should ensure 2.76 kecal
digestible energy, or 2.26 kcal metabolizable energy, from 1 gramme of
dry matter intake (4.8 kcal/g). With 58% browse digestibility, food in-
take was 64.2 g/kg®™ (Fig. 3) i.e. 150 kcal/kg®™ (Fig. 6). Browse itself
provides roe-deer with such food in summer (Fig. 2), but at other times
of the year must be supplemented by herb layer plants. Weiner (1977)
estimates the digestibility making it possible to cover energetic main-
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tenance costs in roe-deer as 64% .. Perzanowski (1978) has, how-
ever, shown that the herb layer should form over 50% dry matter of the
roe-deer’s daily food ration in winter. Ammann et al. (1973) consider
that food with 50% digestibility i.e. 2.2 kcal DE per 1 gramme of dry
matter, is sufficient to ensure the energy balance of white-tailed deer.

In the case of cattle or sheep feeding, apart from the periods of gesta-
tion and lactation there is no need for foods, the total digestible nu-
trients of which (TDN) exceed 55%, i.e. 2.42 digestible energy and 1.98
kcal metabolizable energy obtained from 1 g dry matter intake
(Church, 1974).

When analyzing the results of in vitro digestibility of different species
of trees and shrubs and certain herb layer plants (Table 1), no species
with digestibility markedly exceeding 50%0 were found during winter
in the present study. Similar results have been obtained by many Ame-
rican authors in analyzing the digestibility of browse and herb layer
plants (Urness, 1969; Short & Reagor, 1970; Short, 1971;
Segelquist et al, 1971; Ward, 1971; Snider & Asplund,
1974). The effect of herb layer plants on digestibility of browse is also
negligible (Fig. 14), and therefore in addition to preferences for more
digestible food the roe-deer must cover its energy requirements by food
of relatively low digestibility. It has been found that ruminants may
consume, despite their identical digestibility, more leaves than, for in-
stance, stems or twigs, and that the rate of passage of leaves or herb
layer plants through the animals’ alimentary tract is more rapid (L a-
redo & Minson, 1973). For example, the stems of grasses remain on
an average 35% longer in the rumen than leaves. While retention of
young new-growth twigs in the alimentary tract is about 20 hours,
ligneous browse is retained about 40 hours or more (Mautz & Petri-
des, 1971). The roe-deer may therefore consume, in addition to food
occupying over 50%o of the rumen’s capacity (Siuda et al., 1969), a con-
siderable amount of rapidly transported herb layer plants or leaves, not
necessarily characterized by greater digestibility. Analyses of the rumen
under-estimate the percentage of this quickly-digested fraction of the
animal’s diet by not allowing for its lesser retention and thus over-esti-
mate the role of browse in ruminants’ diet (Gaare et al., 1977). In
feeding experiments roe-deer were observed to exhibit marked prefe-
rence for leaves, or herb layer plants, as compared with leafless browse.

It would therefore appear that not only increase in the digestibility
of its diet as a whole is the way to satisfy the roe-deer’s energetic
requirements, but also selection of foods, rapidly-digested and passing
quickly through the alimentary tract.

In addition to the physical and chemical properties of food, seasonal
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changes in metabolism also affect intake in roe-deer and red deer. Par-
ticularly great fluctuations were observed between winter and the other
seasons of the year. This is a phenomenon which has been found by
very many research workers (Lochman et al, 1959; Verme &
Ullrey, 1974, Holter et al.,, 1977), which is connected with reduc-
tion in the metabolism of these animals in winter (Silver et al,
1971; Weiner, 1977). Reduction in food intake during the winter
months was also found by Michell (1973) in sheep feeding in pastures
the whole year. It was due both to the decreasing nutrient value of the
pasture herb layer and also to the decreasing energy requirements of
sheep during this period (Lonsdale & Taylor, 1970).

4.4. Nutrient Value of the Roe-deer’s Winter Food

Analysis of the digestibility and chemical composition of the roe-deer’s
food showed that its nutrient value changes greatly over the course of
a year. While the food supply in the summer months covers energy and
protein requirements, both from the aspect of quantity and quality, the
roe-deer’s situation during a snowy winter becomes very difficult. Low
temperature, limitation of access to herb layer plants owing to snow
cover and decrease in activity (Borowski & Kossak, 1975) ne-
cessary to seek preferred food among that available, causes considerable
loss in the roe-deer population during such periods (Padaiga, 1968;
Borowski & Mitkowski, 1977).

The energy stores of deer are negligible in comparison with those of
domestic ruminants, which renders the former even more dependent on
habitat conditions (Nagy et al.,, 1969) and the higher metabolism of
these animals and the relatively smaller rumen make exacting demands
in respect of quality on the food of roe-deer.

A knowledge of seasonal changes in the digestibility of different com-
ponents of the roe-deer’s food permits of evaluating available food in
categories of digestible energy or digestible dry matter. Investigation
of the relation between digestibility, chemical composition and voluntary
food intake by roe-deer, on the other hand, permit of making an ex-
haustive estimate of the nutrient value of the food supply available to
them.

The food accessible to roe-deer during summer in the deciduous tree
stands of the Niepolomice Forest, in the form of browse, has been esti-
mated by Bobek et al. (1975) as 20 ton dry matter/100 ha, i.e. 9.6
X107 kcal gross. The average digestible energy of food for the summer
period is as much as 70% (Fig. 2, Table 2), and may be considered as
completely accessible to roe-deer. In winter, however, the supply of
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browse is about 5 tons of dry matter/100 ha, i.e. 2.4X10" kcal. Average
digestibility of winter food does not exceed 40%0o (Fig. 2) and therefore
digestible energy potentially available for use may be estimated as
9.6 X10* kcal. While consumption is not limited in summer by digesti-
bility level and, as already mentioned, can be considered as completely
available for use, in winter daily consumption of food with 40%0 digest-
ibility is about 45 g/kg®™ and does not fully satisfy the animal’s energy
requirements (Fig. 4). Such food needs supplementing by the more
digestible herb layer plants, or plants not very digestible but characte-
rised by low retention in the rumen (leaves, grass).

Analysis of the digestibility of the roe-deer’s natural food over the
yearly cycle shows that summer food is 1.75 times more digestible than
in winter and its supply is 4 times greater in summer. Thus the food
carrying capacity in summer is 7 times greater than in winter (1.75X4).
‘The winter food supply will therefore depend not on the amount of
browse, of which there is an excess even in winter, but on the possibil-
ity of supplementing it by more digestible food. It may be concluded
that it is not the amount of food, but its digestibility, which determined
the amount of the roe-deer’s winter food supply.
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Strawno$é¢ i pobranie naturalnego pokarmu przez sarny 16%

Andrzej DROZDZ
STRAWNOSC I POBRANIE NATURALNEGO POKARMU PRZEZ SARNY

Streszczenie

1. Oceniono sezonowg konsumpcje i strawnos¢ in vivo naturalnego pokarmu przez
sarny (Capreclus capreolus Linnaeus, 1758) oraz metodg in vitro i woreczkéw ny-
lonowych strawno$é dominujacych gatunkéw roslin runa i zeru pedowego S$cinane-
go co miesigc w lasach lisciastych Puszczy Niepolomickiej kolo Krakowa.

2. Analizy chemiczne wykazaly zmniejszanie sie zawartosci wody w zerze pgdo-
wym w sezonie wegetacyjnym od 76% w maju do 42% w miesigcach zimowych.
Zawartosé bialka réwniez byla najwyzsza wiosng (22%), najnizsza zimg (6—17%),
natomiast poziom wlékna wzrastal od 13,9% na wiosne do 40% w zimie (Fig. 1).

3. Konsumpcja suchej masy zeru pedowego (DMI) wahala sie od okolo 450 g
w zimie tj. 40—50 g s.m./kg0-% do 700 g w lecie — 80 g s.m./kg0d75 na dobe (Fig. 2}
i zalezala od strawnosci paszy DMI=1,60+1,08 DMD i zawartosci wibkna (F),
DMI=102,07—1,73 F (Fig. 3. Fig. 9).

4. Strawnos$¢ zeru pedowego zalezala od jego fenologicznego rozwoju i byla naj-
wyzsza wiosng — 73,3%, latem wyniosta $rednio 55—58% i zimg prawie 40% (Fig.
10 B). Stwierdzono ujemng korelacje miedzy zawarto$cig wlbkna a strawnoscia
paszy DMD=89,64—1,51 F (Fig. 11) i dodatnig dla biatka DMD=23,69+2,31 PC.

5. Strawnos$é substancji organicznej (OMD) byla nizsza od strawno$ci suchej
masy wg. r6wnania: OMD=4,54+0,974 DMD.

6. Strawno$é¢ in vitro wg metody Tilleya i Terryego zeru pedowego dominujg-
cych 12 gatunkéw drzew i krzewdw (Alnus glutinosa, Betula verrucosa, Carpinus
betulus, Frangula alnus, Fraxinus excelsior, Populus tremula, Quercus robur, Rubus:
sp., Rubus idaeus, Salix caprea, Tilia cordata, Sambucus nigra) wyniosta $rednio
w maju 64,4%, w czerwcu byla nizsza o 11%, w lecie obnizala sie o dalsze 10%:
wynoszgec w pazdzierniku po opadnieciu lisci 43,1% (Fig. 10). Odmienng charakte--
rystyke posiadaly czarny bez, kruszyna i jesion, ktérych przyrosty byly w lecie
i w jesieni bardziej strawne, niz pozostalych 9 badanych gatunkéw (Fig. 10).
Liscie drzew i krzewdw posiadaly wyzszg strawnos$¢ in vitro niz pedy, a ich straw-
nos¢ w sezonie wegetacyjnym obnizala sie¢ wolniej niz pedéw (Fig. 12, 13). Straw-
nos¢ in vitro roslin runa przez caly sezon wegetacyjny byla wyzsza niz zeru pe-
dowego (Tab. 1). Stwierdzono, ze $rednia strawno$é¢ roslin runa w uprawach zmniej-
sza sie szybciej w ciagu lata, niz w mlodniku, czy starodrzewiu (Tab. 2).

7. Strawnos$¢ proébek zeru pedowego w woreczkach nylonowych wkladanych
z probkami do zwacza przetokowanej owcy byla skorelowana z strawno$cig uzy-
skang metoda in vitro, chociaz od maja do wrzesnia byla wyzsza od strawnosci
in vitro o 5%. Proces odwrotny mial miejsce w jesieni i w zimie, gdzie wyniki
uzyskane metoda woreczkéw nylonowych byly nizsze o 4,5% od wynikéw uzyska--
nych metodg in vitro.

8. Wyniki badania strawnosci in vitro diet mieszanych (roslin runa i zeru pe-
dowego) nie wykazaly istotnego wplywu roslin runa na strawno$¢ zeru pedowego
(Fig. 15).

9. Poréwnujgc strawno$é suchej masy metoda in vitro (IVDMD) z in vivo (DMD)
tych samych diet, stwierdzono wysoka korelacje miedzy obydwoma metodami
(r=0,980) DMD=2,16+1,03 IVDMD. Na podstawie zaleznosci miedzy strawnoscia.
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pokarmu a jego pobraniem dowoli (Fig. 6) wyprowadzono réwnanie pozwalajgce
na ocene poziomu konsumpcji pokarmu przez sarny o znanej strawnosci in vitro:
DMI=9,07+0,927 IVDMD.

10. Stwierdzono, ze do zabezpieczenia energetycznych kosztéw utrzymania sarn
niezbedny jest pokarm o strawno$ci minimum 58% (Fig. 6) zapewniajacy z 1 gra-
ma suchej masy 2,76 kcal energii strawnej. W zimie sam zer pedowy z uwagi na
niskg strawnos$é i pobranie jest pokarmem wymagajacym uzupelnienia go bardziej
strawnymi i szybciej przechodzgcymi przez przewéd pokarmowy roslinami runa,
ewentualnie li$émi drzew, czy krzewoéw.

11. W badanym terenie strawnos$¢ zeru pedowego dostepnego dla sarn jest w
lecie 1,75 razy wyzsza niz w zimie a jego zasobno$¢é pokarmowa w gradzie
Puszczy Niepolomickiej jest 7 razy wieksza w lecie.

12. Baza pokarmowa jeleniowatych zalezy nie od ilo$ci zeru pedowego, ktérego
nawet w zimie jest dla sarn pewien nadmiar, ale od jego strawnosci i mozliwosci
uzupelnienia go karma latwostrawng. Wysitki gospodarki lowieckiej powinny zmie-
rza¢ w kierunku poprawy zimowej bazy zerowej sarn przez wprowadzanie zabie-
gow takich, jak przeSwietlajgce cigcia poprawiajace warunki wzrostu roslin runa,
zaktladanie poletek Zerowych a nawet sadzenie gatunkéw preferowanych przez sar-

ny, zapobiegajgcych zgryzaniu gatunkéw cennych gospodarczo.
\



