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Abstract. ,,Heck® cattle (Bos taurus primigenius, 23 individuals) and Exmoor ponies (Equus ferus
caballus,11 individuals) were introduced in a 171 ha tract of forest and pasture. Time budgets of behavior
and habitat preferences were calculated. Horses showed significantly more grazing (p < 0.001), standing
(p < 0.01) and comfort behavior (p < 0.05) and more lying (p < 0.001) and relocation (p < 0.001) than
cattle. The overall preference indices (Chesson index) had positive values at both species in open pastures
(cattle 0,42 and horses 0.33) and for the edges of the wood (0.16, 0.13). The closed wood was avoided by
the cattle with -0.51 and horses with -0.57. The highest preference values based on feces dispersion were
+0.84 for the cattle in open pasture and +0.64 for the horses in the alder marsh. Both species showed the
highest habitat preferences for feeding in open pastures (0.81, 0.77) and for moving in edges of the
wooded areas (0.75, 0.69). Horses preferred the closed wooded area for resting (0.17). The median of the
daily distances walked was larger for cattle than for horses (p<0.001) but horses reached the larger
maximal distance per day (7018 m ) compared to cattle (6762 m).
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Introduction

Ungulate herbivores and spermatophytes including trees have co-evolved over long
periods of time and large herbivores show distinct adaptations to semi-open habitats
characterized by sparse woods. The natural vegetation is adapted in many ways to being
used as pasture. The former practice of pasturing in woodlands was based on the given
natural circumstances. It enabled domesticated animals to perform natural behavior in a
close to natural habitat. The domesticated grazers occupied the vacant ecological niches
of wild animals that had died out (aurochs, Bos primigenius, European bison Bison
bison, moose, Alces alces, and tarpan, Equus ferus) or become rare (red deer, Cervus
elaphus ) and played in so far a natural role as long as they were kept in moderate
density. Apart from being used as pasture, in the past, the forests have been used very
intensively for fire wood, collection of foliage and, in recent times, charcoal until the
rising demands of wood could not longer satisfied at the time of early industrialization.
Accordingly, between 1850 and 1880 the pasturing rights in Germany were reorganized
because of the conflicts between unnatural high grazing pressure of domesticated
animals and forestry which led to a separation between forestry and pasturing (Kiister
1998). Large areas were reforested and the grazers were restricted to open areas.
According to the Forest laws in Germany, it was strictly forbidden to keep domestic
animals like cattle and horses in forests. Due to this, the landscape has changed
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dramatically, and these unnatural forms of husbandry have existed until today. Recent
discussions about the aim and practice of nature conservation put in question this
separation and discuss the role and function of large herbivores, domestic or wild, for
natural development (Riecken et al. 2001). Under certain circumstances, herbivores may
favour habitat biodiversity (Zahn et al. 2007) but this depends between mainly on the
spatial and nutritional behavior of the animals. Since these species have not been kept
under such conditions, scientific analysis of their behavior and ecological function are
mainly lacking. Consequently the aim of the study was to analyze the general behavior
budgets and the habitat preferences of the two species in closed to natural population
densities. It was the question if under such conditions these species would develop a
behavior that cause such disturbances of wood development as assumed by most
foresters.

We tested the hypothesis, if these species generally prefer the closed wooded areas or
prefer the open pasture. A second question was, if these species use the different
vegetation units for feeding and resting differently, such as open areas for grazing or
woods for resting. In the following the question should be answered, if two herbivore
species, a ruminant and a non-ruminant roughage eater, in the same area would act as
competitors or as supplementary plant consumers. This would lead to the argument, if
single-species or mixed-species projects for nature conservation should be preferred.

Animals, Material and Methods
Project Area

As experimental area a tract of 171 ha of forest with shares of open space has been
used in the “Weserbergland” region in Lower Saxony. The area included 1lha open
range without woods and 160 ha of differing types of wood. Deciduous forests were
predominant (127.9 ha) and consisted of oaks (Quercus robur 107.4 ha), beech (Fagus
sylvatica), hornbeams (Carpinus betulus) and alder (Alnus glutinosa). Coniferous
forests (27.6 ha) consisted of spruce (Picea abies 23.3 ha), larch (Larix deciduas 4.7 ha)
and some Douglas forests (Pseudotsuga mensiesii, 0.2 ha), alder marsh (1.7 ha), and
coppice (1.4 ha).

The herbal layer included Luculo fagaetum Stellario-Carpineten, Pteridium
aquilinum and other ferns. The shrubs present were Rubus idaeus, Corylus avellana and
Rubus fruticosus. The edges of the wood were defined as an area measuring 5-m from
both sides of the boundary between the wood and the open pasture.

The large open pasture of 9 ha was dominated by poaceae and white clover
(Trifolium pratensis), and few shrubs like Prunus spinosa, Crataegus laevigata/
monogyna and Sambucus nigra were present beyond the wood. The clearings (1.1 ha)
inside the woods were structured like the open pasture. Water (0.5 ha) was present as a
brook and a pond. Forest tracks (2.4 ha) and trails of the animals (1.4 ha) pervaded all
the project area. During the wintertime a hayrack was furnished.

Animals

The introduced animals were a herd of 23 adult cows with calves and one bull of the
breed Heck cattle and 11 horses of the breed Exmoor pony. The Heck cattle were breed
as cattle with a similar morphology of the aurochs but are smaller in size. The Exmoor
pony is the oldest and purist of the British native pony breeds and comes from the open
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moors of south western England. The horses were forming two groups which each one
stallion. The numbers were stabile during the time of the investigations. All animals
could be identified by earmarks, additionally one cow and one mare were equipped with
VHF radio-collars. In 2004, both species were observed for 148.25 hours, which
resulted in 3025 observation points. In 2005, in total 150 hours with 3085 observations
points were recorded for horses and cattle.

Behavior Recording

The observations of the cattle and horses were conducted during the growing
seasons (April to October). Twice a month, observations were made of each herd, and
all of them were conducted during daylight hours, from 2 hours after dusk until 2 hours
before dawn. Five focus animals were chosen from each herd. The applied method for
the observations of behavior was scan sampling (Altmann 1974, Martin and Bateson
1986).

At intervals of 15 minutes the occurrence of the basic behavior patterns (see Table 1)
was recorded. The data evaluation was performed with Excel 2000 and SsS 1.0 (G-
Test). Furthermore, the behavior recordings were used to calculate preference indices in
relation to the habitats wood and open pastures for grazing, moving, and resting
separately.

Table 1. Definitions of the recorded parameters of behaviour

Parameters of behaviour

Definitions

Grazing
Browsing
Drinking
Standing
Lying
Walking
Running

Relocation

Comfort behaviour
Social behaviour

Grazing on grasses and herbs (moving with head down)
Browsing on twigs, leafs and buds

Drinking from natural water sites

Standing, doing nothing else

Lying, doing nothing

Slow movement of individual animals without the herd
Fast movement of individual animals with or without the
herd

Movement of all animals in the herd from one place to
another

Rubbing against surfaces, grating, licking, wallowing
Physical interactions between animals (mutual rubbing,
grooming, licking, suckling, pushing, knocking, biting)

Habitat use

Records were carried out by direct observation and by collection of feces. For visual
location the animals were followed by means of the telemetry device (tracking), and
animal positions visually identified with help of a handheld GPS-receiver, a compass,
distinctive structures and positioning rods, and marked on a map. For every stay point
the position of the central animal of the herd was determined. The feces depositions
were located during two systematic screening tours (spring and autumn 2005). The
positions were used to calculate habitat preferences independent of the behavior, as well
as depending from the basic behaviors (see above).
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The animal positions were analyzed with topographic raster maps (100 by 100 m)
and digital maps. All these positions were transformed from the map on GIS Arc-View
3.2. Relative utilization frequencies were computed for the habitat types and tested for
equal distribution by the Kolmogorov-Smirnov test (SPSS). Based on the stay
frequencies habitat preferences were determined by GIS- procedures. To calculate the
habitat preferences, the Chesson Index (Chesson 1978) was applied.

o, = 7'II (qu)

r; =relative use of the habitats 1, n=relative share of the habitats i, m=maximum of
the number of the habitats).
A selective use result in a transgression of al=1/m.
Additionally, preferences were also estimated by mapping facces with the same mode.

Walking Distances

The distances covered daily by the herds were computed based on the mapped
positions at 15 minute intervals. The positions were linked by straight lines and their
length summed up for the observation days. For testing differences of the mean
distances per species the U-Test was used, for testing the difference of the absolute
distances the G-Test.

Results
Behavior

The time budgets for the particular elements of cattle and horse behavior were
compared (Zable 2). Grazing occupied the greatest amount of time in both species,
where the horses grazed significantly more than the cattle (p<0.001, G-Test). Grazing

Table 2. The time budgets of the behavioral parameters (¥*p<0.05). Neu.=6038 cattle,
nhurses:6091

Parameters of behavior | Cattle [%] Horses [%] Significances
Grazing 39.40 51.19 horses > cattle™*
Browsing 3.20 3.08 not significant
Drinking 0.40 0.60 not significant
Standing 8.33 26.12 horses > cattle™
Lying 29.61 3.73 cattle > horses™
Walking 2.78 2.85 not significant
Running 0.50 1.69 horses > cattle™*
Moving (relocation) 11.63 7.72 cattle > horses™
Comfort behavior 1.23 1.67 horses > cattle™
Social behavior 2.57 2.19 not significant
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occupied the greatest amount of time in both species, where the horses grazed
significantly more than the cattle (p<0.001, G-Test). The horses were sometimes
observed in a remarkably running behavior, while cattle always walked slowly.
However, the cattle changed their positions more frequently than the horses (p<0.001).
During the resting periods, the cattle were observed predominantly lying (p<0.001) and
the horses standing (p<0.001). The horses showed a lot more of comfort behavior than
the cattle (p<0.05). Browsing, drinking, walking and social behavior, were not
significantly different between both species.

Habtiat use, observed positions

Most of the times, both animal species were recorded in open pastures (7able 3). The
cattle spent a little bit more time in the oak forest than the horses. On the other hand, the
horses used the spruce forest more frequently than the cattle. Also, the horses were more
frequently in the oak mixed forests than the cattle. The utilization frequencies of the
edges of the wooded areas and of the clearings were similar for both animal groups.
Comparatively, few observations were made in the larch forest, in the larch-beach
forest, and in the coppice. The Douglas forest and the alder marsh habitats had the
lowest utilization frequencies. The Chesson - indices confirm the preference for the
open pasture and the edges of the wood by both species (7able 3). To a low degree,
horses prefer the clearings and the Douglas forest, while cattle prefer to a low degree
prefer the coppice.

The Kolmogorov-Smirnov test confirmed that the observed stays were not
distributed equally or casually (all the tests with p<0.01). Accordingly, the animals used
the different habitat structures selectively.

Table 3. Chesson-Index of habitat use by observations. n=6112

Habitats %Area of | %Use cattle | %Use Chesson- | Chesson-
habitats of habitats |horses of |Index (a;): |Index (oy):
(ny): (19): habitats (1;): Cattle Horses
observation |observation| observation | observation
] ] ] ]
Open pasture 5.48 52.17 42.97 0.42 0.33
Clearing 0.63 1.33 1.64 0.09 0.11
Edge of the wood |2.00 7.00 6.08 0.16 0.13
Oak forest 62.04 20.58 17.17 0.01 0.01
Oak mixed forest |10.46 3.08 7.97 0.01 0.03
Coppice 0.78 1.75 1.07 0.10 0.06
Alder marsh 0.98 0.92 0.96 0.04 0.04
Larch forest 2.69 2.08 2.96 0.03 0.05
Larch-beech
forest 1.33 0.75 1.56 0.03 0.05
Spruce forest 13.48 10.17 17.26 0.03 0.05
Douglas forest 0.12 0.17 0.41 0.06 0.14
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Mapped feces

The feces of the cattle and horses were found in different allotments for the
particular habitats. Cattle feces were distributed area-wide. The highest concentrations
were found in the open pasture (7able 4). Frequently, cattle feces were located in the
spruce forest and the oak forest. The feces of the horses were, in contrast with the cattle
feces, concentrated in specific areas. The largest number of feces was found in the oak
forest, followed by the spruce forest. However, there were far less horse feces than
cattle feces in the open pasture. The parts of the feces of the cattle and the horses, was
similar at the edges of the wood, in clearings, in the larch forest, in the alder marsh, in
the coppice and in the oak mixed forest. Like the preference indices of the stays, the
mapped feces were not distributed equally or casually (tests of Kolmogorov-Smirnov
with p<0.01), accordingly the rate of utilization of the area was selective.

Table 4. Chesson-Index of habitat use (al) by faeces. n=6112

Habitats %Area of | %Use cattle | %Use Chesson- | Chesson-
habitats of habitats |horses of |Index (a;): |Index (oy):
(ny): (ri): faeces | habitats (1) Cattle Horses
faeces faeces faeces
Open pasture 5.48 63.00 13.01 0.64 0.12
Clearing 0.63 0.00 0.58 0.00 0.05
Edge of the wood |2.00 3.81 2.33 0.11 0.06
Oak forest 62.04 9.87 37.09 0.01 0.03
Oak mixed forest | 10.46 1.12 5.24 0.01 0.03
Coppice 0.78 0.45 2.72 0.03 0.18
Alder marsh 0.98 0.45 4.47 0.03 0.24
Larch forest 2.69 1.57 1.17 0.03 0.02
Larch-beech
forest 1.33 1.79 3.88 0.00 0.15
Spruce forest 13.48 17.94 29.51 0.07 0.11
Douglas forest 0.12 0.00 0.00 0.00 0.00

Habitat use depending on behavior

The cattle preferred the open pasture for all behaviors, especially for feeding
(32,9%, a; = 0,81) but to a low degree for moving (7able 5). Wood preferred the cattle
for any behavior. For moving, the edges were more preferred than the other structures.
Horses instead, showed a preference for the wood for resting behavior (26,69%, a,
=0,17), while these animals preferred the pasture for all other behaviors just like the
cattle but to a lower degree for resting. Like cattle, the horses moved most frequently on
the edges of the wood.

Distances

The recorded absolute distances of the cattle were between 1983 and 6539 m per day
and these of the horses between 1642 and 7018 m per day (Figure 1). The cattle covered
larger daily distances than the horses (p<0.001, G-Test). The values of means do not
differ between their means (U-Test). In the beginning of the year, both species walked
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similar and rising distances. From the maximal values in may (horses) and june (cattle),
the distances dropped until they reached a minimum in the middle of the year. After this,
the values increased something and to the autumn the distances were falling gradually
again in both species.

Table 5. Chesson-Index (al) of feeding (grazing and browsing), resting (standing and lying)
and moving (relocation): neuu.=5492, Nporses=3526.

Behavior (r;) Open pasture Closed wood Edge of the wood
% (03] % (03] % (03]
Feeding cattle 3290 0.81 10.38 0.02 3.37 0.17
Feeding horses 38.96  0.77 15.27 0.02 4.99 0.21
Resting cattle 1777 10.69 19.54 0.05 3.26 0.27
Resting horses 3.62 0.38 26.69 0.17 2.03 0.45
Moving cattle 1.69 0.20 8.03 0.06 3.06 0.75
Moving horses 1.43 0.26 5.25 0.06 1.76 0.69
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Figure 1. Distances of cattle and horses from April to October, 2 observation days per month.

Discussion

In central Europe, several projects have been started to reintroduce large herbivores,
wild animals such as European bison or feral animals as Konik (Polish feral horses) or
Heck Cattle (re-selected primitive breeds) alone or together into close to natural areas.
They follow the model of semi-open pastures and “new wilderness” (Riecken et al.
2002, Finck et al. 2004). In this project, the cattle and horses should be investigated for
their possible role of wild herbivores.

Reliability of methods

Like applied method, the scan sampling was used for the stays in the behavioral
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observations and the mapping of the habitat use. It is a current method for investigations
into the behavior of cattle, horses and sheep in diverse pasture systems (Hart et al. 1991,
Scheibe et al. 1998b). The direct observations resulted in an accurate differentiation of
the behavioral elements and should be adopted to study animals in pastures (Jensen et
al. 1986). Intervals of 15 minutes were also approved by many other observers ( e.g.
Lofgreen et al. (1957), Krysl and Hess (1993, Menhard et al. (2002). The use of time
budgets by the behavioral pattern follows other studies (Arnold 1984, Illius et al. 1987,
Vulink 2001). The classification of the elements of behavior coincides with those of
other authors (Gammon and Roberts 1980, Krysl and Hess 1993, Hepworth et al. 1991).
All of them gave the elements grazing, walking, drinking, standing and lying. Resource
selection can not alone be evaluated by utilization frequencies. The calculation of the
Chesson-Index was recommended as the most convenient index for animal habitat
preferences (Manly et al. 1993), and applied frequently (Garshelis 2000, Broglio et al.
2004). Most of the descriptions of cattle and horses refer to observations made during
daylight, because the main activities of these animals happened during that time (Arnold
and Dudzinski 1978, Zeitler-Feicht 2001). Nevertheless, the lack of nocturnal
observations may be a certain disadvantage of this study, which should be overcome by
a combination of GPS-telemetry and activity recordings for future investigations
(Scheibe et al. 1999).

Behavior results

Horses are generalist herbivores and coexist with cattle in many ecosystems
(Menhard et al. 2002). The percentage of time spent foraging, which consists of grazing,
browsing and drinking, was higher in the horses than in the cattle. Our results equal to
studies on cattle and ponies in the New Forest (Pratt et al. 1986), the horses spent
foraging 75% of time and the cattle 57%, respectively 60% (Tubbs 1997). The
physiological reason for this is the two animals differing abilities to utilize nutrients
(Janis1976). Horses require a higher amount of food compared to cattle to extract the
same net energy (Menard et al. 2002). Accordingly, the proportion of the time of
browsing in trees and shrubs is also higher in horses than cattle (Pott and Hiippe 1994).
The browsing time budgets are very low for both species and coincide with other
studies (1%, Gammon and Roberts 1980, 5%, Miller and Krueger 1975) . It has been
reported that cattle pasturing in wetlands were browsing more than horses, whereas
horses grazed for more time (Menhard et al. 2002). The animals spent little time
drinking and were drinking irregularly and infrequently. Several authors refer this to the
availability of fresh food (Scheibe et al. 1998a, Zeitler-Feicht 2001). Lying during the
resting time is an important behavior especially for the cattle (Metz 1985), while horses
are able to rest standing with nearly no energy consumption (Budras and Rock 1997).
Accordingly, the horses in our study were observed more often standing than lying. The
alternation of the resting time in the horses was more irregular than in the cattle. The
proportion of time the horses spent running was much higher than in the cattle and is
ascribable to social discrepancies between the stallions. Also during the change of
places the horses ran more than the cattle. Walking individually, independent of the
group, was seldom observed in both species. For the most part it was only observed
when the animals were grazing or locating water or resting sites. Cattle changed their
positions significantly more frequently than of the horses. The cattle moved away across
large distances and for long time, mostly in the morning. They used wooded areas only
for short times for foraging. Semi-wild living cattle in the New Forest offer a value of
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21% movement time (Tubbs 1997). Occasions of social and comfort behavior could
only be scarcely documented for both species. Comfort behavior was observed
significantly more in the horses, where wallowing was a common activity.

Habiat Use Results

The project area comprised of a wide spectrum of different vegetation and soil and
was used by the animals with variable intensity. During all the observation time, the
cattle and horses used mostly the open pasture. The same preferences of the open
pastures by cattle and horses has been found in the New Forest (Putman et al. 1987).
The animals in our investigation used open areas for 70-80% for foraging. These results
are in accordance with the classification of cattle and horses as grazers (Hofmann
1989). Other free living grazing animals such as bison, wildebeest, zebra, antelope and
reindeer live in very large herds and migrate across the open and semi-open areas with
sufficient aliments and high visibility (Homewood et al. 2001; Lushchekina and
Struchkov 2001; Howall 2002; Musiega and Kadazi 2004). In both cases, observations
and feces, the cattle and the horses obvious selected the open pasture and in the edges of
the wood. Selection of the coppice was identified per observation only. The deciduous
woodland covered very large areas of the study area. It was used by both cattle and
horses in equal measure. But the cattle crossed wide parts of the woods and stopped for
foraging in clearings consisting of raspberries, grasses and herbs. Their favored resting
sites were clear of trees and with little vegetation. In contrast, the horses rested in
certain sites within the deciduous forests for longer periods of time. The cattle in the
New Forest used woodland less, at 10-20% of their total time (Putman et al. 1987), just
as the cattle of our project area avoided the woodland compared to the open pasture.
The horses in New Forest showed differences in foraging behavior as did the horses in
our project area. Browsing behavior predominated during the wintertime because snow
covered the ground vegetation. Both of herds, the cattle and horses, frequented the
coniferous woodland to shelter from hot and cold weather, insects and heavy rain. This
is a common sheltering behavior in large herbivores (Hancock 1953, Sambraus 1978).
The edges of the woods and the clearings were often occupied by both animal groups
for foraging or resting and were preferred compared with the other habitats. The places
assured shelter from the weather and offered a free view of the open land as well as a
short distance to the feeding grounds.

The described behavior strategies indicate that both, cattle and horses originally are
adapted to semi-open pastures (Beutler 1996, Bunzel-Driike 1997). An obvious
difference between the species was that the clearings within the forest were much less
used by the cattle, as indicated by only a few stays and feces. Cattle always depose their
feces in places where they are resting, whereas horses have certain sites for the
deposition of their feces (Zeitler-Feicht 2001). These sites of aggregation serve as an
olfactory marking of their territory. Only the stallions exhibited a distinctive marking
behavior. Both the observed stays and the mapped feces did not demonstrate a
stochastic distribution in the cattle or the horses. As a result, the unequal distribution
follows the preferred areas, the herd structure and the social behavior (Tyler 1972,
Arnold and Dudzinski 1978, Putman et al. 1991). Accumulations of feces can be
regarded as an indicator for resting places, because they often were deposited after the
resting time (Altmann 1988).

The results of habitat use depending on behavior show similar patterns as
independent behavior. Both species preferred very clearly for feeding the open pasture
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and avoid the closed wood areas. Nevertheless, certain differences became obvious.
Horses significantly preferred open pastures and woodland for resting. Movements
occurred especially frequently at the edges of the wooded areas in both species while
the preference indices for the open pasture where the lowest of all behaviors on the open
pasture. Occasional use of edges of the wood like successive mosaic areas offer optimal
habitats by food resources better than the wood and by shelter conditions better than the
open pastures (Bokdam et al. 2003). Possibly, the edges of the wood serve like
orientation. The results support clearly the evolutionary adaptation of these two species
for feeding on open areas and demonstrate that they will not suppress the wood
development so completely as often assumed.

Distances covered results

The daily movements of the animals were reflected in their covered distances. The
distances were impacted by different factors like the availability of space, nutrients,
distance from water, temperature, wind, the age of animals, pregnancy, stocking rate and
pasture practices (Anderson and Kothman 1980; Phillips 1993; Karsli 1995). In contrast
to the horses, the cattle covered larger distances. It is assumed that the horses, by reason
of their smaller groups, require less space and therefore do not need to change their
location as often as the cattle. Both animal groups moved further in the spring and the
autumn than in the summer. This is possible because of exploration behavior during
foraging (Krysl and Hess 1993). In the spring all the vegetation is not available and in
the autumn there is a decline of the energy and crude fiber in the food, and the animals
have to change their foraging sites more frequently An increase of locomotion could
also result, from warm, wet or very windy weather and an over-abundance of insects
(Hancock 1953, Phillips 1993, Waite et al. 1951).

Suggestions

The hypothesis is supported that the two herbivore species generally prefer the open
pasture and will not destroy the forest or suppress any tree regeneration if they have a
possibility to choose their positions according to their natural preferences and live in
moderate population densities. A forest destruction as observed during pasturing before
1850 must not be afraid under these preconditions. Although these species share
basically the same habitat structures they differ slightly in their preferences.
Furthermore, they differ significantly in ecological relevant behavior elements such as
locomotion, resting, or defecation behavior. Accordingly, single species grazing projects
will not come close to natural herbivore-habitat interactions. These results support the
theory both of additive and complementary utilization of nutrients in free nature by a
complex herbivore community also in Central European biotopes. We argue for nature-
protection projects in semi-open landscapes including forest with at least two different
species such as horses and ruminant species.
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