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Abstract

Context. In terms of their nutritional physiology, roe deer have been called ‘concentrate selectors’. This implies that
they select proteins in their diet and are not able to digest fibre. It is, thus, suggested that in an agricultural landscape,
they are unable to digest the high fibre content of arable crops and, thus, suffer and need to be given supplementary feed.

Aims. Our aim was to determine the nutrient composition and energy content of the roe deer diet in an agricultural habitat
compared with that in a natural forest habitat.

Methods. Rumen contents of 245 roe deer were collected to represent each month of the year for 3 years, weighed, and
analysed by standard methods for nutrient and fibre content.

Key results. Roe deer in the agricultural habitat had rumen contents with significantly higher metabolisable energy
(ME) concentrations, with a median of 6.2 MJ ME/kg DM, than did roe deer in the forest habitat, where the median was
5.4 MJ ME/kg DM. The mass of rumen contents in the forest habitat was, on average, 240 g higher than that in the
agricultural habitat. Roe deer in the forest habitat compensate for the lower energy concentration in their natural diet by
increasing their food intake. The concentration in the agricultural habitat is a result of the higher proportion of easily
digestible carbohydrates in the diet. The concentration of crude protein in the rumen contents did not differ statistically
between the two areas. In both habitats, the mean crude fibre concentration varied between 24% DM and 34% DM, and
was significantly higher in the forest. The concentration of crude fibre selected by the roe deer is similar to the
concentration of crude fibre known to be selected by red deer and fallow deer (intermediate feeders) and mouflon
(a grazer) (Hofmann 1989).

Conclusions. The term ‘concentrate selector’ should be replaced by ‘selector’ to avoid misinterpretations. Energy

shortfalls were not observed in either of the populations during the study period.
Implications. Supplemental feeding was not necessary to maintain the population.
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Introduction

The European roe deer is currently the most common and, of
the naturally occurring species, the smallest deer species in
central Europe. (Stubbe 1997; Andersen et al. 1998; Geist
1999; Rowell-Schifer et al. 2001). It currently inhabits the
same area as before the last ice age, and occurs from
Scandinavia to the Mediterranean, and from the Atlantic
coast to well into eastern Europe and western Asia
(Sempere et al. 1996; Geist 1999). Here roe deer are to be
found between sea level and up to the tree line in the Alps
(Linnell ef al. 1998). At the end of the 19th century, the roe
deer had almost died out in wide swathes of central Europe
(Stubbe 1997; Andersen et al. 1998), which is why in some
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books at the end of the 19th century and beginning of the 20th,
roe deer were described only for the sake of completeness
(Diezel 1921).

The roe deer is a typical representative of the brushwood-
edge dwellers (Cederlund 1983; Wolfel 2005); so, forest
clearings and forest-edge areas are its original habitat
(Stubbe 1997; Wolfel 2005). Today, roe deer inhabit not
only their original forest habitats, but also occur in all
agricultural and natural landscape habitats in their range
(Sempere et al. 1996; Stubbe 1997). With regard to their
nutritional behaviour, roe deer belong to the ‘concentrate
selector or browser’ group of wild ruminants (Hofmann
1989; Rowell-Schifer et al. 2001). These differ from the
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groups of ‘grass and roughage eaters or grazers’ as well as
‘intermediate, opportunistic mixed feeders’, in that they
select diet with a higher nutritional value in terms of a high
protein content, and avoid high-fibre diet (Onderscheka and
Jordan 1976; Drescher-Kaden and Seifelnasr 1977b;
Cederlung and Nystrom 1981; Hofmann 1982a; Drescher-
Kaden 1984; Hofmann 1989; Duncan et al. 1998). Their
rumens are thought to lack fibre-digesting microorganisms
such as cellulolytic bacteria (Drescher-Kaden and Seifelnasr
1977a; Duncan et al. 1998). Additionally, because of the high
flow rate of digesta, they should not have sufficient time to
break down the fibre (Ellenberg 1975; Hofmann 1989). The
high flow rate of digesta is partly due to the small rumen
volume of 3—6 L, which prevents an increase of the food intake
in autumn and winter (Hofmann 1989), although this has not
been confirmed by studies in Scandinavia (Holand ef al. 1998).
Because of their lower metabolism in winter and to save
digestive energy, roe deer limit their food intake in winter,
as do other ruminants (Bubenik and Lochman 1956; Weiner
1977; Drozdz 1979; Dissen and Hartfiel 1985; Arnold 2013).

However, there are some studies that, on the basis of their
data, have refuted the classification and conclusions drawn by
Hofmann (1989) on the capabilities of the digestive systems of
the individual ruminant species (Holand 1994; Robbins et al.
1995; Behrend et al. 2004; Lechner et al. 2009; Clauss et al.
2010; Marchand et al. 2013; Obidzinski et al. 2017). With
regard specifically to the fibre content of the roe deer browsing,
even in the results of authors who support the theses of
Hofmann, such as Drescher-Kaden and Seifelnasr (1977b),
we find crude fibre (CF) content values for the roe deer
browsing which, with a CF concentration of 20-24% DM,
correspond to those of mouflon at 22-34% DM or those of
fallow deer at 24-25%. Other studies have shown CF
concentrations in the roe deer food intake of between 13%
and 32% DM (Onderscheka and Jordan 1976; Schmidl 1996;
Deutsch et al. 1998; Djordjevic et al. 2006). Comparative
studies on the food quality in Africa showed no differences in
the fibre content of the diet of browsers and grazers (Woodall
1992). The grazer mouflon was also considerably more varied
in its choice of food than would be expected in accordance
with the findings of Hofmann (Hofmann 1989; Marchand et al.
2013; Obidzinski et al. 2017).

Despite this scientific evidence based on data, and although
roe deer occur in high densities in agricultural areas and do
exploit agricultural crops (Anke et al. 2005; Abbas et al.
2011), it is often claimed in Germany, because of
Hofmann’s classification of the ruminant in particular
(Hofmann 1978, 1982a, 1982h, 1989), that roe deer
browsing in areas of intensively farmed land struggle
because of the high fibre content of the food (Bayern 1997;
Bauer 2007, 2009). It is also implied that the quality of the
food available for browsing in winter is relatively poor
(Onderscheka and Jordan 1976). The consequence is that
they cannot build up sufficient fat reserves in autumn,
which means they have a shortfall in their energy supply in
late winter (Hofmann and Kirsten 1982; Helm 2015), and have
to be given supplementary feed from late autumn (Hofmann
and Kirsten 1982; Ueckermann 1986; Bauer 2007, 2009, 2014;
Helm 2015).
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To determine any shortfall in energy for roe deer caused by
the fibre-rich diet in a particular area, it is first necessary to
establish the daily energy requirement of a roe deer. A series of
studies on this have been conducted with roe deer living in
enclosures or kept in respirometric chambers (Weiner 1977).
The maintenance requirement (fasting metabolic rate, FMR)
for roe deer is between ~3.3 MJ/roe deer.day and 5.1 MJ/roe
deer.day, depending on the season (Drozdz and Osiecki 1973;
Weiner 1977; Perzanowski 1978; Hartfiel ef al. 1985; Oslage
and Strothmann 1988; Mauget et al. 1997). This requirement
increases with movement and stress by as much as 200—-300%
(Weiner 1977). In pregnant does, the resting metabolic rate
(RMR), which is ~20% above the FMR, rises in the last
2 months of the pregnancy by 15%, and after parturition by
27% due to lactation (Mauget et al. 1997). Roe deer kept in
enclosures had an annual median intake of ~8 MJ ME/roe deer.
day, with the highest value in June of 10 MJ ME/roe deer.day
(Oslage and Strothmann 1988). These values can be seen as the
lower-limit value for energy intake, as animals kept in
enclosures have less need for movement. In their case,
activities such as the search for mates and migration
between seasonal habitats or in search of a food supply
with a higher energy content are unnecessary (Aulak and
Babinska-Werka 1990; Bideau et al. 1993; Mancinelli et al.
2015). The maximum energy requirement of 17 MJ ME/day
assumed by Onderscheka (1999) or Bauer (2007) seems
realistic, given the results based on animals kept in
enclosures (Oslage and Strothmann 1988).

We aimed to help objectify the discussion in German-
speaking countries about the natural diet of roe deer and the
necessity of feeding them in times of need, with a special focus
on important habitats in Bavaria, southern Germany. We,
therefore, compared the energy content and quality of the
diet of roe deer in an agricultural habitat (Ag) with those of the
diet of roe deer in a near-natural forest habitat (Fo). As well as
the crude protein (CP) and nitrogen-free extract (NFE)
contents, we were particularly interested in the CF
concentration in the two habitats, so as to find out whether
this is higher in the agricultural landscape than in the natural
landscape. We used CF and NFE for a better comparison with
older studies. As neutral detergent fibre (NDF) and water-
soluble carbohydrates (WSC) are considered state of the art in
nutritional analyses, we added these too (for more details about
results of our nutritional analysis, see Dahl et al. 2020). As
energy values in particular are related to DM, and the seasonal
rhythm of the dietary intake must also be taken into
consideration, the rumen volume (L) and rumen content (g)
were also to be recorded. The study areas had to be comparable
in terms of their climatic conditions. Roe deer were not to be
given supplementary feed in either the Ag or the Fo. As roe
deer are assumed most likely to have a shortfall in energy
between the end of February and the beginning of April, when
their fat reserves have been depleted, their metabolism rises in
response to daylength, and the vegetation does not yet supply
sufficient energy (Hofmann and Kirsten 1982), the sampling
process should include this period. For this, the close season
for roe deer normally imposed by Bavarian hunting law had
to be suspended for the purposes of the research between
15 January and 1 May in the study period.
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Generally, the following questions were considered:

¢ How does the crude nutrient composition of the diet of roe deer
in Ag compare with that of roe deer in Fo?

e How high is the energy concentration in the diet in cultivated
area in comparison to that in a near-natural Fo?

e What does this energy concentration depend on?

e How do roe deer respond to a different energy concentration?

* How much energy is available to the roe deer or how high is the
energy concentration in their food intake in the respective
habitats?

e Is there a point at which there is an energy shortfall and, at
which, it is necessary to feed roe deer in the cultivated area?

Materials and methods

Site selection

From 2011 to 2014, the rumens of 245 roe deer (Table 1) were
collected in both a Fo and in an Ag. The forest area (Fo) is
~20 km south of the city of Munich, southern Germany, in the
‘Jungmoridne’ growth district, at an altitude of ~650 m above
sea level, with a mean annual temperature of 8°C and annual
precipitation of ~950 mm. It is a state-owned forest covering
an area of 2673 ha, of which 90% is forest. Hunting is
conducted on the area by the state, in this case, the
Bayerische Staatsforsten AOR (Bavarian State Forest) of
Munich. The current growing stock consists of 70%
Norway spruce (Picea abies), 20% European beech (Fagus
silvatica), 2% silver fir (Abies alba) and other hardwoods.

The Ag was made up of three hunting districts near the
small town of Eggenfelden, ~100 km east of the city of Munich
at an altitude of 490 m above sea level in the Tertiary Hill
Country. The area covers a total of 2240 ha and is privately
owned. The hunting on the area is privately organised. The
mean annual temperature here is ~8°C, and precipitation
reaches ~840 mm. The proportion of the hunting areas that
is forested varies between 27% and 34%. It consists of 75%
Norway spruce (Picea abies), 10% Scots pine (Pinus
silvestris), 5% silver fir (4bies alba) and 2% European
beech (Fagus silvatica). It is typical at the forest edges of
these small farm-owned forests to find large numbers of
pedunculate oak (Quercus robur), something which is not
reflected by the inventory data. In the 3 years of the study
period, the agricultural areas consisted of 33-40% grassland;
16-21% were planted with winter wheat, 11-27% with silage
maize, 3—10% with grain maize, 5-8% with barley and 3—10%
with clover.

For both study areas, the Forest Survey by the Forest
Administration on the Situation of Forest Regeneration of
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2015 attests a tolerable level of damage to the forest
regeneration through browsing (Forstverwaltung 2015).
From this, it can be concluded that the food-resource base
is sufficient, independently of the forest regeneration, as the
damage to forest vegetation from browsing would otherwise be
higher and untenable. The quality assessments on ground-level
vegetation undertaken as part of the study also showed good-
quality vegetation in winter and spring (Konig et al. 2016).

Sample selection

The roe deer were hunted from hunting hides, and in autumn
also in driven hunts. So as to observe seasonal influences such
as an energy shortfall in October and March (Hofmann and
Kirsten 1982), we gathered samples throughout the 12 months
of each year. We, thus, acquired a permit from the local
hunting authorities (District Council of Rottal am Inn, Az:
31-7512-01/13 and Az: 31-7512-02/13; District Council of
Starnberg Az: 7512/311.2W; District Council of Munich Az:
5.3-750/Hei) to take roe deer outside regular hunting seasons.
Once killed, the animals were field-dressed immediately, and
the digestive tracts were removed and frozen locally at
—20°C. The roe deer were also weighed locally and grouped
according to sex and age in the categories fawn, yearling und
adult (Table 1). The sex ratio of taken deer was 1
male: 0.98 female.

After field-dressing, the weights of the adult animals at
15.7 kg (Ag) and 15.5 kg (Fo) did not differ significantly
(P = 0.535) between the habitats. In the Ag, fawns were, on
average, 1.2 kg (P = 0.012) and yearlings 1.5 kg (P = 0.006)
heavier than they were in the Fo (Table 1). If subadult and
adult animals are considered together, the weights of the
subadult and adult roe deer in the Ag with an average
weight of 15.4 kg differed significantly from those of roe
deer in the Fo, with an average of 14.8 kg (r=-2.165; d.f. 171;
P =0.032).

Sample preparation

So as to determine the rumen volume and the entire ingesta, the
reticulum, omasum and abomasum (stomach) were separated
from the rumen at the pila ruminoreticuloris. The ingesta in the
rumen were subsequently removed and weighed to determine
rumen content (g). The empty rumen was sewn up again and
filled with water. Its volume (L) was determined on the basis of
the water displacement.

The ingesta were first homogenised, and then, for further
analyses, ~150 g was removed, freeze-dried and ground to 1 mm.

Table 1. Number of samples, mean (s.d.) bodyweight and sex
Parameter Agricultural habitat (Ag) Forest habitat (Fo) Bodyweight
Total n n (males/females) Total n n (males/females) n (Ag/Fo) Mean (kg) Mean (kg) P-value

Total 139 65/74 106 59/47

Fawns 42 15/27 30 14/16 42/30 11.2 (1.7) 10.0 (2.0) 0.012
Yearlings 28 8/20 25 19/6 28/25 14.8 (2.0) 13.3 (1.8) 0.006
Adults 69 42/27 51 26/25 69/51 15.7 (1.6) 15.5(2.0) 0.535
Yearlings + adults 97/76 15.43 (1.76) 14.78 (2.20) 0.032
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After drying, the sample was weighed again to determine the
proportion of dry mass (DM) to the fresh mass (FM).

Nutritional analysis

To analyse the composition of the diet, crude nutrients and
fibre fractions (NDF) were analysed according to standard
procedures (AOAC 2019). For this, freeze-dried samples from
each rumen were used.
We determined the following crude nutrients:
e Determination of the DM through heat-drying at 103°C
¢ lipid (% DM)
* CF (% DM)
e CP (% DM)
e ash (% DM)
* NFE (% DM)
« NDF (% DM)
e WSC (% DM)

Metabolisable energy estimation

Metabolisable energy (ME) was determined using the in vitro
gas-production method according to (Menke and Steingass
1988). For this, ground-up ingesta samples for each dead roe
deer were mixed with rumen fluid from a ram, and the gas
production after 8 and 24 h was recorded. The analyses for
each rumen sample were performed four times.

The metabolisable energy (ME) was calculated using the
following formula (Menke and Steingass 1988):

MIME = 2.20 4 0.136 x GP24 + 0.057 x CP + 0.00285
x lipid?,
where GP = gas production (mL/200 mg DM).
The results of the estimation of ME made after the analysis
of stomach juices from ram and roe deer rumens correlate

strongly and significantly at » = 0.6 and P < 0.001 (K6nig et al.
2016).

Total ME estimation (M] ME/roe deer.day)

As the digesta are retained in the rumen for a short time only, it
follows that the roe deer has two rumen fillings per day, with
8—12 browsing periods (Bubenik and Lochman 1956;
Hofmann 1982a; Stubbe 1997). At the moment, when the
roe deer was taken, we got one rumen filling containing ingesta
from four to six browsing periods. As the sampling process
with regard to browsing periods for each killed deer was
incidental, the energy values of the food found in the
rumen represent only part of the roe deer’s daily energy
intake. So as to estimate the daily energy intake, we
assumed that, per rumen, one-third to one-fourth of the
content was undigested material containing the full energy
content. To estimate the energy intake over the whole day, the
energy concentrations determined per rumen sample (DM)
were converted to FM values and extrapolated for the weight
of the ingesta found in the rumen. To convert the fresh weight
to dry weight, we determined the proportion of DM in the FM
for each sample. This value was used for the correction and
was, on average, ~0.223 kg DM per kg FM (£0.036, s.d.). This
corresponds approximately to the value of 0.2 kg dry weight
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per 1 kg fresh weight in the literature (Stubbe 1997). This
value per rumen was then corrected by one-third or one-fourth
per rumen content (g) and multiplied by two, to get the daily
energy estimation for the two rumen fillings per day.

ME (MJ/day) was calculated according to the following
formula:

MJME = %DM x rumen content (FM) x ME (MJ/kg.DM)
x 3 x 2 rumen fillings per day or4 x 2 rumen fillings per day.

Statistics

For identifying normal distribution, Kolmogorov—Smirnov
and Shapiro—Wilk test was used. Student’s z-tests for equal
and unequal variances were used to back up the statistical
differences between means. The decision on whether to use a
Student’s #-test for equal or unequal variances was taken using
Levene’s test for equality of variances. For non-normal
distributions of data, the Mann—Whitney U-test was used to
back up the statistical differences between medians (Lozan
1992; Jannsen and Laatz 2017). The calculations were
performed using SPSS 24.0 (IBM SPSS Statistics for
Windows, Version 24.0; IBM Corp., Armonk NY, USA).

Results
Rumen volume

The rumen volume of the roe deer older than 1-year old was,
on average, between 3.55 L and 4.54 L (Table 2). The rumen
capacities of the agricultural roe deer (Ag roe) were ~4.8%
lower than the values for roe deer in forest areas (Fo roe).
However, the largest rumen volumes were not found in Fo roe,
but in Ag roe, at up to 6.52 L.

The differences in rumen volume found in animals between
the two habitats were not significant ( = 1.490; d.f. = 167;
P =0.138). The rumen volumes of the roe deer in the Fo were
largest, on average, in summer, whereas those of the roe deer
in the Ag were at their largest in summer and autumn. In both
habitats, the rumens shrank to a minimum volume in winter. In
the Ag, the rumen volume differed significantly between the
winter and the other seasons (winter vs autumn, P = 0.005;
winter vs summer, P = 0.009; winter vs spring, P = 0.001). In
the Fo, there was a significant difference only between the
rumen volume in winter and that in summer (P = 0.035).

Rumen content

In contrast to the findings on rumen capacity, the differences in
rumen content between the two habitats were significant
(t = 4.134; d.f. = 171; P < 0.001). The average annual
rumen content of Ag roe was ~230 g lower than that of Fo
roe (Table 3). Whereas the rumen content of roe deer in
agricultural areas decreased in accordance with the rumen
volume (L) towards autumn and winter, the rumen content
of Fo roe increased from 1220 g in spring and 1243 g in
summer to 1403 g in autumn and 1392 g in winter.

The differences between the two habitats were particularly
great when it came to the quantities of rumen content in
autumn and winter, when Fo roe took in ~380 g more food
per filling of the rumen, which, assuming two rumen fillings
per day (Stubbe 1997), amounted to an additional 770 g
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Table 2.
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Seasonal variation of rumen volume according to habitat and season, and habitat and sex

Data (mean =+ s.d.) are for adults and yearlings only. Values for seasons and sex within a habitat, and values for habitat totals
followed by the same letter are not significantly different (at P = 0.05), values for habitats

Parameter Agricultural habitat Forest habitat
Mean rumen s.d. Max n Mean rumen s.d. Max n
volume (L) volume (L)
Spring 4.06d 0.954 6.52 37 4.06d 0.959 5.98 23
Summer 4.13¢ 0.870 5.92 19 4.40c 0.679 5.39 14
Autumn 4.14b 0.574 4.88 16 4.28b 0.665 5.46 22
Winter 3.50a 0.537 4.28 25 3.80a 0.808 5.01 17
P-value 0.001ab 0.054ab
P-value 0.009ac 0.035ac
P-value 0.005ad 0.36ad
Total 3.94e 0.823 6.52 97 4.13¢ 0.794 5.98 76
P-value 0.138e
Male 4.07f 0.71 50 4.10g 0854 31
Female 3.80f 0.9 47 4.18g 0.701 45
P-value 0.11f 0.657g

Table 3. Rumen content (g) according to habitat and season
Data (mean and s.d.) are for adults and yearlings only. Values followed by different letters are significantly different (at P =0.05)

Parameter Agricultural habitat Forest habitat

Mean s.d. Max n Mean s.d. Max n
Spring 1051 282 1780 37 1220 475 2980 23
Summer 1286 283 1955 19 1243 371 1730 14
Autumn 1043 330 1780 16 1403 393 2285 22
Winter 980 288 1640 25 1392 424 2105 17
Total 1085 337 1955 97 1315 423 2890 76
P-value <0.001
Male 1121a 350 1955 50 1296b 446 2890 31
Female 1030a 314 1640 47 1344b 395 2270 45
P-value 0.18a 0.633b

per day. The level of filling of the rumen ((rumen content /
volume) / 100 (Holand et al. 1998)) differed significantly
between autumn and winter and between spring and
summer in the case of Fo roe (t=-2.165; d.f. =96; P=0.033).

Quality of the diet

The quality of the diet intake, expressed in terms of the
composition of raw nutrients, showed in part -clear
differences between the two habitats. In both habitats, roe
deer consumed significant amounts of CF, with an annual
average of 25.8% and 29.7% of CF in rumen content DM of
animals from Ag and Fo respectively (CF: t=4.468; d.f. =218;
P < 0.001; Table 4). The seasonal averages of CF were
between 23.6% DM and 29.6% DM in the Ag, and between
27.2% DM and 34.1% DM in the Fo. Although the average CF
values were lower in the Ag than for roe deer in the Fo, the gap
between the extreme values in the Ag was considerably wider
(CF min. 12.7% DM; max. 47.7% DM) than in the Fo (CF min.
16.8% DM; max. 44.3% DM). Other big differences between
the two areas in terms of the quality of the diet could be seen in
the percentage concentrations of ash and NFE. At 31.56% DM,

the average annual concentration of NFE was significantly
higher in the Ag than in the Fo at 28.22% DM (NFE: Levene’s
F=26.120; P <0.001; r =-2.825; d.f. = 229.939; P = 0.005).
The top value recorded in the Ag was ~55.4% DM. Only in
spring did the concentration of NFE in the Fo exceed
the values in the Ag with a slight significance (¢ = 2.009; df
=0609; P =0.048).

There was another statistically confirmed difference in the
diets of the roe deer between the two habitats in the average
annual percentage concentrations of ash, which were ~1%
higher in the Fo at 8.94% DM than in the Ag (ash: Levene’s
F=10.893; P=0.001; t =3.217; d.f. = 241.327; P = 0.001).

There were no significant differences between the two
habitats with regard to the percentage concentrations of CP
and lipid in the food contents of the roe deer (lipid: Levene’s
F=13.828; P<0.001; t=-1.703; d.f. = 237.559; P = 0.09; and
CP: t =-1.845; d.f. = 242; P = 0.066; Table 4).

However, if we distinguished between the CP values
according to season, they were significantly higher in spring
in the Ag at 34.37% DM than they were in the Fo at 29.87%
DM (¢ = -2.713; d.f. 69; P = 0.008).
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Similarly to the differences in CF and NFE, differences Energy concentration
between the two habitats with regard to the percentage

. . Given the crude nutrients found, the annual median energy
concentrations of NDF and WSC were significant too

concentration of the food in the Ag was significantly higher, at
(Table 4). 6.2 MJ ME/day (DM; Fig. 1), than that of the Fo at 5.4 MJ ME/

Table 4. Crude nutrients of roe deer diets in agricultural (Ag) and forest (Fo) habitats
Values are mean % DM (s.d. is given in parentheses). Student’s #-test was used to investigate statistical differences at P = 0.05. CF, crude fibre; CP, crude
protein; NFE, nitrogen-free extracts; NDF, neutral detergent fibre; WSC, water-soluble carbohydrate

Parameter Habitat NDF WSC CF Ash Lipid Cp NFE
Spring Ag 41.67 7.7 23.63 8.12 8.27 34.37 25.61
(7.41) (6.54) (5.2) (2.07) (2.75) (6.44) (6.82)
Fo 45.92 8.74 27.15 8.15 5.96 29.87 27.5
(7.73) (5.6) (5.7) (1.5) (1.59) (7.4) (4.55)
Summer Ag 45.67 10.93 25.38 8.96 6.29 28.76 30.61
(6.4) (3.406) (5.01) (1.09) (6.29) (5.11) (5.7)
Fo 45.76 7.4 27.8 8.73 6.91 30.82 25.35
(3.58) (3.25) (4.31) (1.18) (1.13) (3.93) (3.97)
Autumn Ag 45.96 15.19 24.26 8.11 5.66 25.58 36.58
(7.75) (10.58) (8.58) (3.32) (1.79) (5.94) (8.47)
Fo 49,0 8.35 29.04 9.74 6.09 26.04 28.3
(8.1) (6.6) (4.86) (2.82) (1.64) (4.32) (4.9
Winter Ag 48.39 16.18 29.63 6.77 4.82 2421 34.57
(7.49) (10.45) (5.82) (2.19) (1.25) (5.01) (7.45)
Fo 55.38 9.18 34.07 8.21 4.99 223 30.5
(7.12) (4.3) (5.08) (1.06) (1.34) (4.09) (3.45)
Total Ag 45.34 12.6 25.78 7.84 6.35 28.47 31.56
(7.79) (9.44) (6.74) (2.49) (2.44) (7.18) (8.51)
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Fig. 1. Median metabolisable energy (ME) concentration of DM (MJ ME/kg rumen content) in
agricultural (Ag) and forest (Fo) habitats per month (box plots with median 25th + 75th percentile; total
median P < 0.001).
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Fig. 2. Seasonal cycle of estimated minimum and maximum energy

intake by roe deer in the two habitats (median metabolisable energy (MJ
ME/roe deer.day)).

day (DM; Mann—Whitney U = 3631.500; Wilcoxon W =
9302.500; Z = —6.739; P < 0.001).

With the exception of the month of May, the energy
concentration in the Ag was always higher than that of the
Fo. The maximum monthly median is 6.5 MJ ME/day (DM) in
the Fo and 7.5 MJ ME/day (DM) in the Ag.

Daily total estimated energy intake

So as to estimate the energy intake of the roe deer, both the
rumen content and the energy concentration were taken into
account below. In the estimation, account was taken of the fact
that a large part of the rumen material examined was always
digested or broken down by the microbiota, as roe deer
have between four and six browsing intervals per rumen
filling, and fill their rumen twice per day. Calculations were
made for two scenarios, using one-third (minimum) and one-
fourth (maximum) of the energy contained in the rumen
content, and multiplied by two fillings to get total energy
intake per roe deer per day. The annual medians per day and
roe deer were a minimum of 8.4 MJ ME/roe deer.day for the
Ag, and 8.1 MJ ME/roe deer.day for the Fo (Fig. 2). An annual
median of 11.2 MJ ME/roe deer.day was estimated as a
maximum energy intake for the Ag, and 10.9 MJ ME/roe
deer.day for the Fo. The differences between the two habitats
in terms of minimum and maximum energy per day were
minimal and not significant. As an annual daily average, roe
deer of both habitats took in approximately the same amount of
energy.

Whereas the average monthly estimated energy intake of
roe deer in the Fo vacillates only slightly around the annual
median, the estimated energy intake of the roe deer in the Ag
varies considerably throughout the year. Least food was taken
in during February and March, while the energy estimation
was highest during the grain harvest in August, and during the
maize harvest and mast of beech and oak in November, when
beechnuts and acorns were ripe.

Discussion

In the present study, the agricultural vegetation provided the
roe deer with an annual median energy concentration that was
significantly higher by 1 MJ ME/day than that in the Fo. This
higher energy concentration resulted from a significantly
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higher concentration of easily digestible carbohydrates
(NFE or WSC), which were apparent even in winter in high
concentrations. This confirmed the results of Serrano Ferron
et al. (2012), which they found in south-western France. Our
roe deer compensated for the lower energy concentration of the
diet in the Fo with a significantly higher food intake, which
ensured they always had sufficient energy available. On an
annual average, the roe deer in both habitats took in
approximately the same amount of energy per day.

The actual estimated energy intake per day can only be
deduced from the actual ME found in the rumen if we make
certain assumptions, as the content of the roe deer’s rumen
always consists of a mixture of fresh, pre-digested and
digested food because of the 8-12 browsing cycles (Bubenik
and Lochman 1956; K16tzli 1965; Hofmann 1989; Stubbe 1997).
The pre-digested vegetable material has already released energy;
its energy values are lower than those of freshly browsed plant
material. Furthermore, low-solubility, indigestible fibre,
especially lignin and cellulose, accumulates in the rumen
(Esser 1957; Klotzli 1965), producing low levels of gas
during the in vitro gas production (Menke and Steingass
1988) and, thus, lower energy values (Giger-Reverdin et al.
1998; Hummel et al. 2006).

Nevertheless, so as to estimate the approximate daily intake
of ME, we assumed that, on the basis of the 812 browsing
cycles that make up two rumen fillings (Bubenik and Lochman
1956; Klotzli 1965; Hofmann 1989; Stubbe 1997), between
one-third and one-fourth of the content of the rumen is non-
digested food, and, thus, still has its full energy content.
Calculated on this basis, we estimate the annual median ME
intake of roe deer in both habitats to be between ~8 MJ ME/roe
deer.day and 11 MJ ME/roe deer.day. The slight differences in
the estimation of ME in the two habitats are not significant. If
we compare our estimates of the energy estimation with values
from animals kept in enclosures or cages, they seem plausible.
In most experiments, the FMR or the RMR for roe deer are
determined. These are between 3.3 MJ/roe deer.day in winter
and 5.7 MJ/roe deer.day in summer (Drozdz and Osiecki 1973;
Ellenberg 1975; Weiner 1977; Perzanowski 1978; Hartfiel
et al. 1985). Oslage and Strothmann (1988) found an
annual average energy requirement of ~8 MJ ME/roe deer.
day for roe deer in enclosures and peak values in June of 10 MJ
ME/roe deer.day, which is in line with our estimate of the
lowest ME concentration (1/3 non-digested material). As roe
deer in enclosures take part only in normal activities such as
running away, defending their territories, looking for mates or
accumulating fat reserves to a very limited extent, the ME
estimation for free and wild roe deer must be higher than these
values. The RMR increases with normal movement by 45%.
During escape behaviour, for example, RMR can increase by
up to 210-300% (Weiner 1977; Ellenberg 1978; Bubenik
1984), without the roe deer having to draw on their
reserves. For lactating does, a daily energy requirement of
between 8 and 14 MJ/day is assumed (Eisfeld 1984; Mauget
et al. 1997; Kamphues et al. 2009), which is consistent with
the upper estimates (1/4 non-digested material) for May and
June (birth of the kids) in our calculation. Onderscheka (1999)
gave a maximum estimated energy requirement, derived from
studies with animals in enclosures, of 17 MJ ME/roe deer
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per day. Our maximum values calculated on the basis of the
recorded grazing for the Ag reached 18.9 MJ ME/roe deer
per day in November, which seems realistic in relation to the
energy values calculated in this way for May and June. In this
period, the roe deer in the Ag also build up large fat reserves
(Konig et al. 2016), which they live on in winter. There is,
thus, strong seasonal variation in the estimated energy intake
of roe deer in the Ag, whereas the average estimated energy
intake of the roe deer in the forest area varies only very slightly
around the median. This seasonal variation in the estimated
energy intake of the roe deer in the Ag is very similar to the
seasonal cycle in the measured energy intake of roe deer kept
in enclosures (Ellenberg 1978; Hofmann 1978; Drozdz 1979;
Oslage and Strothmann 1988). The roe deer in enclosures are
provided with an ad libitum supply of food and energy. The roe
deer reduce their food intake in late winter and increase it to a
maximum in the autumn. In contrast, the roe deer in the Fo do
not have any such strong variations in the energy concentration
of their natural diet. The energy concentration in the Fo
reaches the annual median of the Ag only in May. Roe deer
in the Fo, thus, take in a relatively constant level of energy over
the year. Pivotal to this daily energy supply of the roe deer in
the Fo is the quantity of food intake. Although the rumen
volume decreases in roe deer in both habitats in winter, the roe
deer in the Fo graze more in autumn—winter to compensate for
the lower energy concentration in their browsing. With two
rumen fillings a day (Stubbe 1997), roe deer in the Fo take in
~770 g more food than do roe deer in the Ag, despite the fact
that, when subadult and adult roe deer are considered together,
they have lower bodyweights on average in the Fo than those
in the Ag. Similar results were recorded for roe deer in
Scandinavia, which also had a higher percentage filling of
the rumen in winter. The rumen volume diminished from
summer to autumn and winter (means: 4.3 L in summer,
4.0 L in autumn, 3.7 L in winter), while the average
browsing intake rose from 1.0 kg to 1.4 kg in autumn and
1.9 kg in winter (Holand et al. 1998). The fact that Hofmann
(1978) disputed this ability of the roe deer may be due to the
test material used. The higher food intake recorded in
Scandinavia (Holand et al. 1998) is either due to the lower
energy concentration of the natural vegetation browsed and/or
caused by a higher energy consumption due to the harsher
winter. The three winters in our study period were not
unusually cold, so that we can assume that temperatures
barely fell or fell only for a short time below the
thermoneutral temperature of —10°C (Bubenik 1984). The
energy absorbed by the roe deer, thus, predominantly did
not have to be used to regulate their temperature.

The higher energy concentration of the natural roe deer diet
in the Ag in comparison with that in the Fo is due to the lower
concentration of CF and a higher concentration of NFE. The
differences in the concentrations of these two crude nutrients
in the two habitats are significant. The mean levels of CF
recorded in the two habitats are between 23.63% DM and
34.07% DM. These high CF values do not match the myth that
roe deer as ‘concentrate selecters’ cannot digest CF (Eisfeld
1974; Ellenberg 1975; Drescher-Kaden 1976; Onderscheka
and Jordan 1976; Drescher-Kaden and Seifelnasr 1977b;
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Cederlung and Nystrom 1981; Hofmann 1982a, 1989;
Duncan et al. 1998; Onderscheka 1999). However, high CF
concentrations similar to ours are to be found in studies on
crude nutrients in roe deer browsing. All of these studies were
conducted using the same methods of analysis as we used. The
CF means varied between 12.6% DM and 32% DM
(Onderscheka and Jordan 1976; Drescher-Kaden and
Seifelnasr 1977h; Schmidl 1996; Djordjevic et al. 2006).
However, a CF concentration of 12% DM was found in one
of our roe deer in the Ag. The mean average did not fall below
18% DM. One explanation for this could be the fact that our
data were collected over 12 months. Drescher-Kaden and
Seifelnasr (1977h), thus, examined 13 and 21 roe deer,
which had been killed only in autumn in two areas

respectively.
Even todayi, it is still usual to feed roe deer from November/
December across wide swathes of central Europe.

Recommended feeds have a CF content of less than 10% DM
(Onderscheka 1999), which actually lowers the concentration
of CF in the rumen of roe deer in former studies. By contrast,
our study areas were chosen to ensure that the roe deer had no
access to feeding. If we compare our CF means in roe deer with
the CF means in red deer (Cervus elaphus; intermediate
feeders) and mouflon (Ovis ammon musimon; grazers;
Hofmann 1989), there is a high degree of similarity. For
mouflon, a mean CF concentration of 22-34% DM
(Drescher-Kaden and Seifelnasr 1977b) was found, and for
red deer it ranged from 25% DM to 38% DM (Briedermann
et al. 1988). The values in our study on roe deer did not differ
from these values for red deer and mouflon. As we took our roe
deer samples from freely roaming wild animals, these roe deer
voluntarily took in and utilised high concentrations of fibre in
their diet. Other studies have also shown adaptation towards
better utilisation of the CF, especially in winter (Cederlung and
Nystrom 1981; Rehbinder and Ciszuk 1985), and this has also
been shown for red deer (Arnold et al. 2015). Although CF
provides less ME, relatively speaking, than do CP or NFE
extracts, it still contributes to heat generation through
fermentation in the rumen (Silver et al. 1971), lowers the
thermoneutral range (Bubenik 1984), and, thus, saves ME
otherwise needed to maintain body temperature.

Besides showing differences in the concentration of CF, the
roe deer diet differed between the two habitats in that there was
a significantly higher concentration of NFE as well as the
WSCs in the Ag, which, thus, provides more easily digestible
carbohydrates. Differentiated according to season, there were,
however, slightly significantly higher concentrations of NFE
in the Fo only in spring, while, in the remaining seasons, the
NFE values for the Ag far exceeded those for the Fo. Viewing
both habitats together, the mean NFE concentrations varied
between 25.4% DM and 36.6% DM. All in all, these results are
in line with data from previous literature, although they are
among the higher values. In two separate studies in Serbia,
NFE concentrations of between 18% DM and 28% DM
(n = 20; Djordjevic et al. 2006) were recorded, and
between 15% DM and 25% DM (n = 43; Popovic et al.
2009). Slightly higher NFE values, on average, were found
in Austria in a forest district, with NFE concentrations ranging



Energy and quality of roe deer diet

between 33.8% DM and 44.7% DM (Schmidl 1996), although,
in this case, no samples were taken between February and
April. In two forest areas in Bavaria, one 30 km east of Munich
(n = 21) and one 100 km north of Munich (n = 13), NFE
concentrations of 29% and 28% DM respectively (Drescher-
Kaden and Seifelnasr 1977b), were found, which correlates
well with the NFE concentrations of 28% DM in our Fo in
autumn.

Generally, the CP concentrations in our study did
not provide any indication of the different energy
concentrations in the two habitats. The annual mean CP
concentrations were not significant, although, in spring, the
concentration in the Ag was significantly higher than that
in the Fo. These higher values in spring can be explained
by the winter wheat grown here.

The highest CP concentrations were found as early as in
spring in the Ag, with a concentration of 34.4% DM, and not
until the summer in the Fo, with a concentration of 30.8%. This
result can be explained by the vegetation growth, as the CP
content of the plants rises parallel to the temporal development
of the young plants (Buchgraber 2005). The CP concentrations
found in our two study areas are more or less comparable with
those found in other studies (Drescher-Kaden and Seifelnasr
1977b; Schmidl 1996; Djordjevic et al. 2006; Popovic et al.
2009).

The winter is seen by many as a critical period for the diet
of wild ruminants because of the poor quality and low energy
content of the vegetation (Onderscheka and Jordan 1976;
Sommer 2004; Storms et al. 2008; Arnold 2013). A
shortfall in the diet of the roe deer could not be confirmed
in either the Ag or the Fo in the present study. The level of
damage caused in both habitats by browsing to natural
regeneration in the forest was described by the forest
authorities as being tolerable (Forstverwaltung 2015). From
this, it can be concluded that on the whole, there was
sufficient availability of vegetation for the roe deer in
winter and spring, or there would have been more browsing
damage to the tree vegetation. Furthermore, even after the
grain harvest in summer and autumn in the Ag, good-
quality vegetation was available to roe deer on 79% of the
habitat area, so that the roe deer were able to build up good
reserves here (Konig ef al. 2016). We cannot, on the basis of
our results, confirm the need to feed roe deer, particularly in
the Ag, so as to prevent them from starving in winter, as has
been suggested by some (Hofmann and Kirsten 1982;
Ueckermann 1986; Bauer 2014; Helm 2015; Bauer and
Schwarz 2017).

Even if the classification and attribution of ruminants on the
basis of their digestive system in accordance with Hofmann
(1989) is problematic and has been refuted many times
because of the pronounced adaptability of ruminants to
different habitats (Dissen and Hartfiel 1985; Woodall 1992;
Deutsch et al. 1998; Sommer et al. 2005; Clauss et al. 2010;
Obidzinski et al. 2017), a characterisation of the browsing
behaviour of roe deer seems sensible. On the basis of their
browsing behaviour, this can be considered to be selective
behaviour, independent of the plant species consumed, crude
nutrients or habitat. Because of this behaviour, it makes sense
to describe roe deer as selectors.
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Conclusions

* Roe deer can convert agricultural crops with great efficiency.

e The mean CF content of the rumen is never below 18% DM.

e Carbohydrates are an important energy resource in Ag.

¢ A lower energy concentration in diet is compensated for by
more grazing.

* There were no deficits because of a lack of energy.

* There is no need for supplemental feeding.

e Roe deer are selectors or browsers, but not ‘concentrate
selectors’, as they take in and exploit CF to a similar extent
as do ruminants classed as grazers or intermediate feeders.
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