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Abstract

We surveyed occurrence and activity of large- and medium-sized mammals on six commercial mini-rotation short-rotation
coppice (SRC) plantations in northern Germany by camera trapping in different seasons (winter, late summer). In total,
eleven species (6-9 per site) were detected. This corresponds to the majority of mammal species occurring in the study
region. Roe deer, wild boar and red fox were found across all sites. All other species were detected on fewer sites and some in
only one of the seasons. Roe deer was the most active species both in terms of visit frequency (days with detection) and use
intensity (detection numbers). With few exceptions on individual sites, all other species showed significantly lower activity.
Number of detected species and activity of most of the species did not differ between seasons. Furthermore, there were no
differences between near-edge and central areas of the crops with regard to the activity of the occurring species. Activity
of individual species on different sites, however, differed considerably in some cases. Our results show that a wide range of
mammal species are basically able to include SRC into their habitat utilisation. However, the sporadic use by most species
indicates a rather limited current habitat value of the surveyed plantations. Options to increase the habitat value of SRC for
mammals are suggested, but their effectiveness needs to be tested in future studies. Since the spatial and temporal scope of
our study was limited and only SRC of a uniform age-class were considered, our results are not immediately applicable to
other landscapes, seasons or types and management phases of SRC. Therefore, further research is required that considers
these aspects as well as species-specific patterns of habitat selection in comparison to other habitat types.
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Introduction particularly in Germany, varieties of the genera poplar (Pop-

ulus) and willow (Salix) are most common and widely used

Short-rotation coppices (SRC) are perennial biomass crops
consisting of fast-growing deciduous trees which are har-
vested in short cycles. Depending on the intended utilisation,
harvesting can be carried out in short (2-5 years), medium
(6-12 years) and long (12-20 years) intervals [1]. In order to
produce dendromass for energy purposes, the plantations are
usually harvested in short cycles (so-called mini-rotation)
and are established with densities of 7,000-16,000 stools
per ha [1, 2]. Due to their characteristics, a number of dif-
ferent tree species are generally suitable for cultivation in
mini-rotation SRC and are also permissible under subsidy
law in the European Union [3]. However, in Europe and
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for cultivation in mini-rotation SRC [1, 2].

Since SRC differ substantially from previously estab-
lished annual arable crops with regard to their management
and their habitat characteristics [4], they can offer opportuni-
ties to improve spatial and structural heterogeneity in agro-
ecosystems by providing areas of tall and dense perennial
crops with low mechanical and chemical input [5-9]. Previ-
ous studies on biodiversity of these woody biomass crops for
various species groups, such as breeding birds or vascular
plants, have shown that SRC can contribute to increased
biodiversity, especially in intensively used agricultural land-
scapes [7, 10-12]. However, large and medium-sized mam-
mals as an important component of farmland biodiversity
have hardly been considered in these studies. The few exist-
ing studies are either based on the detection of characteris-
tic tracks or merely document accidental observations [see
13—17]. Merely the results of a camera trapping survey by
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Zitzmann et al. [18] provide a first insight into the spatio-
temporal utilisation of SRC by mammal species in different
seasons. However, this study was conducted on experimen-
tal SRC where different tree species and age-classes were
present simultaneously within the same plantation. These
structurally diverse experimental sites do not have much in
common with the commercial cultivation of SRC in terms
of their habitat structure and their management. Therefore,
knowledge about the habitat quality and the spatio-temporal
utilisation of commercial SRC by different mammal species
is still limited. Considering a further expansion of SRC cul-
tivation in Europe, an adequate understanding of the impact
of these biomass crops on all components of farmland bio-
diversity is essential for preventing potential future conflicts
with biodiversity and other ecosystem services and for max-
imising environmental benefits from these crops [6, 8, 19].
Therefore, the aims of our investigation were to determine:

1. Which mammal species incorporate commercial mini-
rotation SRC into their habitat utilisation

2. How frequently and intensively these crops are used by
those species in different seasons

3. Whether there are seasonal differences in mammalian
activity on these plantations

4. Whether there are differences in mammalian occurrence
and activity between different areas within the crops
(from close to the edge to the crop-centre).

Based on our findings, options for a wildlife-friendly cul-
tivation and management of SRC are discussed, and further
research demand is identified.

Materials and Methods
Study Area and Study Sites

Surveys were conducted on six mini-rotation SRC in the
municipality of Soltau (Heidekreis district, Lower Saxony)
in northern Germany. The study region is a rural area char-
acterised by agriculture and forestry. The proportion of
agricultural land (predominantly used as arable land) in the
district exceeds 40%; the woodland proportion is about 30%
and thus corresponds roughly to the national average but is
quite high for northern Germany [20].

In the study region, a relatively high amount of SRC
existed at the time of the study, which had been established
within the last 15 years. Therefore, SRC cultivation in this
region exceeds the widespread experimental cultivation
on single pilot sites with different tree species per site and
section-wise harvesting and represents a more commercial
cultivation practice. For our investigation, we only consid-
ered plantations that represented commercial mini-rotation
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SRC in terms of their structural characteristics. Therefore,
the following criteria were defined for the selection of suit-
able study sites: (i) unfenced SRC sites or stands (i.e. units
of larger plantations) of at least 1 ha in size, without any
internal structures such as rides or clearings; (ii) max. 10%
tree-failures; (iii) the entire area of the site/stand belongs to
the same age-class and is cultivated with trees of the same
genus (Salix or Populus) and (iv) the last harvest or the
establishment of the site/stand was not less than 2 years nor
more than 5 years ago. These criteria represent the struc-
tural characteristics of commercially used mini-rotation SRC
(with rotation lengths of 2-5 years) during the majority of
their rotation cycle [cf. 4].

Out of 13 existing SRC in the region that met these cri-
teria, six sites were randomly chosen. This included five
willow plantations and one poplar plantation each of a size
between 1 and 7 ha (Table 1). All of the studied sites had
already been harvested several times since their establish-
ment and, therefore, had a dense and shrubby vegetation
structure with numerous shoots per stool. At the time of the
study, trees within the study sites were 3—7 m high and the
last harvest had taken place 3-5 years ago. Willows were
planted at a density of 12,000 stools/ha and poplars at 9,000
stools/ha; due to failures of 5 to max. 10% of the trees, the
actual stool density was slightly lower. The distance between
the individual sites or stands was at least 150 m and max.
4 km.

Detection of Mammals at the Study Sites

We used 18 camera traps (CTs) which were automatically
triggered by motion and infrared-sensors once an animal
of sufficient size was present within the detection area [cf.
21,22]. Three CTs, either “Dorr Snapshot Limited Black
5.0S” or “Dorr Snapshot Extra 5.0 MP” models, were
installed at each site. Both models are able to record at night
and at dawn and are almost identical in terms of their basic
technical features.

Table 1 Characteristics of the study sites

Site Position Area (ha) Cultivated clones Height

A 52°5720.6"N 1.7 Salix Inger 3-5m
9°4823.4"E

B 52°56'49.8"N 2.0 Poplar Hybride 275 5-7m
9°48'58.4"E

C 52°56'59.5"N 7.0 Salix Tordis/Sven 5-6 m
9°45'03.0"E

D  52°57'19.5"N 1.2 Salix Inger 4-5m
9°48'10.6"E

E 52°5722.1"N 4.8 Salix Tordis 5-7m
9°48'48.8"E

F 52°57'34.1"N 39 Salix Inger/Tora 3-5m
9°48'30.0"E
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Surveys were carried out from November 2019 to January
2020 (84 days) in winter and during August and September
(62 days) the following summer. Due to technical defects or
empty batteries, there were temporary failures of individual
CTs in both seasons, so the number of active camera days
per CT varied slightly (Table 2).

At each site, three CTs of the same model were set up in
a line transect running from the edge of the crop towards its
centre. The starting point of the line transect was randomly
selected. All three CTs were set up within the crops. The
first CT was positioned at a distance of 5 m, the second at
a distance of 25 m and the third at a distance of 50 m from
the outer crop-edge. In both seasons, the positioning of the
three CTs at the individual sites remained the same. The
CTs were placed between tree rows and aligned so that the
area between the rows could be observed. All three CTs used
per site were oriented in the same direction. The CTs were
attached to poles so that the camera lens was at a height of
50 cm. The time tag was activated in order to document the
date and time of the individual detections. The number of
images created per trigger was set to three; thus, a series
of three consecutive images was generated during one trig-
gering event. This facilitates the subsequent identification
of species based on the photographic material. The delay
between two triggers was set to 5 s, i.e. retriggering was pos-
sible 5 s after the previous trigger. Sensitivity of the motion
sensor was set to high. CTs were active continuously, i.e.
no time window was set. Cameras were controlled every 3
to 4 weeks.

Data preparation and Statistical Analysis

After finishing camera trapping, the information (date,
time, site, position of the CT, detected species) gathered
from the images of visible large and medium-sized mammals
was transferred into a table for further statistical analysis.
Thereby, each table row represents one detection event, i.e. a
series of three consecutive images resulting from one trigger
(see CT settings). Only images with mammal species of at
least the size of a red squirrel (Sciurus vulgaris) were taken
into account. Images of smaller mammals (mostly Muroidea,
but also other small mammals such as the least weasel Mus-
tela nivalis) were excluded from any further consideration,
as were images without any visible mammal species, images
of domestic mammals or birds and human-induced images.

Table 2 Survey periods in the different seasons

Species number per site (n=6) and per CT (n=18), as
well as species number per CT per camera day, was deter-
mined for each season. In addition, the proportion of the
species-specific detections was calculated for the different
seasons and sites. Furthermore, the two following indices
were calculated as indicators for the activity of the different
mammal species at the study sites:

e The number of detections per CT in relation to 100 cam-
era days [cf. 21] was used as an indicator for the use
intensity [23]. It was calculated by: (no. of detections
per CT / no. of active camera days per CT) x 100. The
value was calculated for the individual species and also
cumulatively for all species together.

e The proportion of days that a particular species had been
detected was considered as an indicator for the visit fre-
quency [23] and was calculated by: (no. of days with
presence of the species X 100) / no. of active camera days.
The index was calculated per CT and per study site (i.e.
as an aggregated value of the three CTs used per site).

For all these calculations, one camera day was defined as
a 24-h period beginning and ending at 12 a.m., thus encom-
passing the entire dawn and night time as the main activity
period for the most mammal species.

Variables were tested for differences between the three
distance-classes (5 m, 25 m, 50 m with n=6 per type) using
the Friedman-Test, with the Dunn-Bonferroni-test as a post
hoc test. The comparison of mammalian activity between
the seasons (summer and winter) was performed using the
Wilcoxon signed rank test. Therefore, the individual CTs
(n=18 per season) were used as related samples. All sta-
tistical analyses were performed using IBM SPSS Statistics
version 26.

Results
Detected Species and Number of Detections

In winter (84 days), a total of 735 detections (50.4 +34.3
per CT) of large and medium-sized mammals were made by
the 18 CTs over 1,403 camera days (Appendix: Table 5). In
summer (62 days), a total of 1,164 detections (109.4+93.7
per CT) were made over 1,050 camera days.

Season Survey period No. of days Mean no. of camera days per  Total no. of camera days
CT (£SD)

Winter 5 November 2019-28 January 2020 84 77.9+13.3 1,403

Summer 30 July-30 September 2020 62 58.3+9.2 1,050
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In total, eleven species were detected across all sites, each
ten in winter and ten in summer. For each site, 5-8 species
were detected in winter, 3-9 species in summer and 6-9
species when both seasons are combined (Table 3). Roe
deer Capreolus capreolus and red fox Vulpes vulpes were
recorded across all sites in both seasons, and wild boar Sus
scrofa was detected across all sites in winter and at five of
the six sites in summer. The European hare Lepus europaeus
was recorded at four sites in both seasons. European badger
Meles meles, raccoon dog Nyctereutes procyonoides and
beech marten Martes foina were each detected at two to four
sites in each season. Fallow deer Dama dama occurred at

only one site in winter, but at four sites in summer. The three
remaining species were only sporadically recorded at one
single site in both seasons (raccoon Procyon lotor) or at one
or two sites in only one season (European polecat Mustela
putorius, red squirrel Sciurus vulgaris).

In both seasons, roe deer accounted for more than half
(winter: 54%, summer: 61%) of all detections made (Appen-
dix: Table 5), followed by wild boar with 18% in each sea-
son. All other species had lower proportions of < 10%, in
many cases even < 2% of the total number of detections
made in the different seasons. At the individual sites, roe
deer also mostly accounted for the largest proportion of

Table 3 Visit frequency of the different species at the study sites in winter (W) and in summer (S). The visit frequency is given as an aggregated

value of the three CTs used per site

Visit frequency! per study site [in % of days]

Species name

A B C D E F
Roe deer W 29.8 51.2 11.9 17.9 5.8 9.5
Capreolus capreolus S 27.4 66.1 25.8 12.9 33.9 4.8
Wild boar w 1.2 7.1 7.1 1.2 10.1 10.7
Sus scrofa S 6.5 8.1 9.7 4.8 21.0
Red fox w 10.7 15.5 4.8 6.0 5.8 7.1
Vulpes vulpes S 3.2 4.8 4.8 1.6 32 32
Europ, hare W 22.6 3.6 7.1 1.4
Lepus europaeus S 3.2 1.6 4.8 1.6
Europ. badger W 3.6 9.5 9.5 2.9
Meles meles S 1.6 419 6.5
Raccoon dog w 1.2 1.2 14 4.8
Nyctereutes procyonoides S 1.6 1.6
Beech marten W 1.2 1.4
Martes foina S 4.8 1.6 1.6
Raccoon W 6.0
Procyon lotor S 1.6
Fallow deer W 4.8
Dama dama S 1.6 1.6 17.7 1.6
Red squirrel W
Sciurus vulgaris S 1.6 1.6
Europ. polecat w 1.2
Mustela putorius S
w 1.2 3.6 1.4
Genus Martes
S 1.6 32 1.6
Genust Martes W 1.2
or Mustela S 1.6
No. of days w 84 84 84 84 69 84
per season’ S 62 62 62 62 62 62
No. of species W 5 6 8 5 7 5
per season S 5 9 8 6 7
Total no. of species 6 9 9 6 3 6

(both seasons)

! Visit frequency=Proportion of days [%] with detection of the particular species by at least one of the three CTs used per site
% No. of days per season=No. of days on which at least one of the three CTs used per site was active
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detections. However, on some sites, wild boar made up the
largest proportion. All other species had much lower pro-
portions at almost all sites, with most significantly < 10%
of the site-specific detections. The species-specific propor-
tions of detections varied considerably between the different
sites. Especially the proportions for roe deer (12-87% of all
detections per site) and wild boar (1-59%) varied greatly,
indicating large differences in the intensity of habitat use
between different sites.

In both seasons, 2-3% of the detections could not be
determined due to poor image quality. In addition, some
detections with representatives of the genus Martes or Mus-
tela could not be determined to species level due to inad-
equate image quality. These detections were only taken into
account for the calculation of species numbers if no clear
detections of beech marten or European polecat were made
at the respective site (respectively on the particular day when
calculating the variable “mean no. of species per CT per
camera day”’; see Table 4).

Visit Frequency

Roe deer used the majority of sites most frequently in both
seasons (Table 3). Only at sites E and F wild boars were
recorded on slightly more days than roe deer, but this only
occurred during the winter season. The proportion of days
with detections of the different species varied considerably
between the study sites and also between the seasons. For
example, roe deer were detected on two-thirds of the days
surveyed in summer at site B, but only every 20th day (5%)
at site F. Except for the roe deer, most species were detected
on only a few days (max. 11%) at the individual sites, many
of them even on just one single day (1.2-1.6%). In only a
few cases single species were detected more frequently at
individual sites (badger on site B in summer, hare and red
fox on site B in winter, wild boar on site E in summer, fallow
deer on site C in summer).

Seasonal Activity Patterns

There were no differences between the two seasons with
regard to the number of species detected per CT per day
(Table 4). Except for the red fox, which was detected more
frequently in winter, and for the fallow deer, which was
detected more frequently in summer, there were no differ-
ences with regard to the visit frequency between the seasons
for any of the species tested. With regard to the use intensity
(i.e. the no. of detections per 100 camera days), there were
no differences between the two seasons for six of the nine
species considered. For three species, however, there were
differences with regard to this variable: roe deer and fallow
deer showed significantly higher use intensity in summer,
whereas the use intensity of the red fox was significantly

Table4 Mean values (£SD) of the measured variables per CT in
the different seasons (with n=18 CTs used per season). Differences
between the seasons were tested by Wilcoxon test. Significantly
greater values are marked in bold

Variable Winter Summer Test statistics p
No. of species 022+0.16 027+0.24 —1.111 0.266 n.s
per camera
day
Visit frequency®
All species 195+11.5 239+195 -1.198 0.231 n.s
Roe deer 9.8+9.5 13.2+123 -0.781 0.435 n.s
Wild boar 27+22 34+43 -0.450 0.653 n.s
Red fox 34+21 12+1.1 -2921 0.003*
Europ. hare 2.5+4.0 1.0+15 —1.601 0.109 n.s
Europ. badger 1.7+2.1 46+99 -0.712 0.476 n.s
Raccoon dog 05+1.2 02+06 -0.315 0.752 n.s
Beech marten 0.1+0.4 05+1.0 —1.483 0.138 n.s
Raccoon 04+1.2 0.1+04 —1.633 0.102 n.s
Fallow deer 0.3+0.9 1.5+2.7 -2.207 0.027*
Use intensity®
All species 504+343 109.4+93.7 —-2.678 0.007*
Roe deer 264+262 669+68.9 —2249 0.025*
Wild boar 93+12.8 19.6+50.6 —0.355 0.723 n.s
Red fox 3.7+2.6 12+1.1 -20917 0.004*
Europ. hare 39+74 21+52 —1.364 0.173 n.s
Europ. badger 24+3.1 9.7+21.5 —-0.845 0.398 n.s
Raccoon dog 0.6+1.6 04+12 -0315 0.752 n.s
Beech marten 0.1+04 0.8+1.6 —1.483 0.138 n.s
Raccoon 0.8+2.3 05+19 —1.604 0.109 n.s
Fallow deer 0.6+2.0 53+10.3 -2.201 0.028*

n.s. not significant; *p <0.05

#Visit frequency =proportion of days [%] with presence of the par-
ticular species per CT

bUse intensity =no. of detections per 100 camera days per CT

higher in winter. The aggregated value for the use intensity
of all species combined was significantly higher in summer
than in winter. However, the value was largely influenced
by the comparatively high use intensity of roe deer in this
season.

Activity at Different Distances from the Crop-Edge
to the Centre

For all the species and variables tested, there were no dif-
ferences between the three distance classes from the edge to
the centre of the SRC in both seasons (Appendix: Tables 6
and 7). Thus, there were no differences with respect to the
number of detected species (total no. of species and no. of
species per camera day) between the three distance classes
in both seasons. Furthermore, the different areas within the
crop were used with a similar use intensity and visit fre-
quency by the individual species, regardless of their distance
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from the edge and regardless of the season. Thus, within
the six SRC studied, no clear preference for specific areas
within the plantations could be discerned for any of the
species detected. Instead, there was a relatively homoge-
neous utilisation across the entire site. The high standard
deviation of some of the values indicates a high variability
in use intensity and visit frequency between different sites
and different CTs. This was already evident regarding the
number of detections per site (Appendix: Table 5) and the
visit frequency per site (Table 3).

Discussion

Basically, there are some factors to consider that limit the
transferability of our results to other spatial and temporal
situations as well as other types and management phases
of SRC. Firstly, we specifically investigated mini-rotation
SRC at a uniform age-class. Therefore, no conclusions on
the influence of harvesting or longer rotation cycles on spe-
cific mammal species can be drawn on the basis of our study.
In addition, the study period was limited to about half a year
and therefore did not include all seasonal activity phases of
mammals within the year. Moreover, all the plantations stud-
ied were located within the same region, so the species pool
was limited to the species present in this region, and indi-
vidual nearby plantations may have been used by the same
individuals of certain species in some cases. Therefore, our
results are not immediately applicable to other landscapes,
mammal species and seasons, or to different age-classes and
types of SRC. For this purpose, further research is required
that includes SRC in its different variations (with regard to
plantation size and shape, rotation length and cultivated tree
species or varieties) across different landscapes and that cov-
ers several years and management stages. Nevertheless, the
investigated sites represent the structural characteristics of
commercially used mini-rotation SRC during the majority of
their rotation cycle [cf. 4]. In addition, the study took place
in a region where the majority of Germany’s terrestrial large
and medium-sized mammals occur (excluding species with
only regional distribution, like from the Alpine region) and
which roughly corresponds to the German average in terms
of its proportion of land used for agriculture and forestry.
The study therefore provides the first in-depth insight into
the spatio-temporal use of commercial mini-rotation SRC by
a wide range of different large- and medium-sized mammal
species within a typical rural area in Germany, complement-
ing previous unsystematic observations or indirect mammal
detections on SRC by tracks [cf. 13-17].

The eleven species recorded on the surveyed SRC rep-
resent the majority of terrestrial large- and medium-sized
mammal species distributed in northern Germany [24, 25].
Species with large territories that are quite rare in the region
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(Eurasian wolf Canis lupus lupus, European wildcat Felis
sylvestris and red deer Cervus elaphus) were not detected.
Of the more common species, only pine marten Martes mar-
tes, European rabbit Oryctolagus cuniculus and European
hedgehog Erinaceus europaeus were absent. However, the
two latter species were detected during camera trapping
surveys on other SRC in north-western Germany [18]. Fur-
thermore, occurrence of the pine marten at the study sites
cannot be excluded with certainty, as some images with rep-
resentatives of the genus Martes could not be determined
up to species level. Therefore, our results demonstrate that
most of the common and widespread mammal species in
Germany are able to use SRC as habitat. The study sites,
however, were not used very frequently by most of these
species. Some species occurred only at individual sites, only
on a few days or in only one of the seasons. And even those
species that were detected on the majority or all of the sur-
veyed SRC (roe deer, red fox and wild boar, which are three
of the most common and widespread mammal species in
Germany and in the study region [25]) generally tended to
use the plantations only sporadically, i.e. mostly on only a
few days of the respective study period (see Table 3). This
result is in line with the findings of Christian [13], who, dur-
ing snowtracking studies on SRC in the USA, also found no
evidence of either concentrated use or extensive avoidance
of these plantations by various mammal species. Therefore,
our results indicate that though many species were able to
include the surveyed SRC in their habitat utilisation, the
plantations did not represent a high-quality habitat which
was frequently used by the most species or which strongly
attracted mammal species [cf. 13]. A possible reason for this
could be the availability of sufficient other, more important
habitats in our study region. Therefore, there was probably
little reason for most species to use the plantations more fre-
quently. However, since we did not carry out simultaneous
surveys in reference habitats, it is not possible to say where
the animals spent the rest of the time and to what extent
they included other habitat types in their habitat use. Future
studies should therefore include reference habitats such as
arable land (as the previous land-use of SRC) or forests to
better understand patterns of species-specific habitat selec-
tion and preference for or avoidance of SRC by different
mammal species in comparison to other habitat types. In this
context, it should be determined whether SRC for mammals,
as found for other species groups (e.g. breeding birds [26]
or vascular plants [27, 28]), have a higher habitat value in
landscapes with reduced habitat diversity and availability
(e.g. landscapes with high proportions of intensively used
arable land and low proportions of woody habitats like for-
ests, hedges or shrubs).

Although most of the surveyed plantations were used
rather sporadically by the detected mammals, some species
(such as roe deer, wild boar and badger) showed considerable
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differences with regard to their activity on different sites.
Similar findings are also reported by Christian [13]. This
indicates that there is apparently a strong effect of the imme-
diate surrounding on the use of the crops by mammals, even
in the case of nearby and structurally uniform SRC located
in the same region. Thus, habitat composition and configura-
tion within the immediate surrounding of a plantation seems
to have a major impact on which species incorporate SRC
in their habitat use and how frequently and intensively they
use these crops [cf. 13]. Future studies should further inves-
tigate this effect on different mammal species. The results
can be used to strategically influence the future utilisation
by mammals when searching for a suitable location to estab-
lish new SRC. This would help to guide plantations to sites
where their value as habitat for mammals or their attractive-
ness for certain mammal species is particularly high. At the
same time, however, the crops could also be directed to sites
where the use by certain species is minimised. This could,
for example, mitigate conflicts caused by damage from deer
species without the need to fence the crops.

A major finding from previous studies on biodiversity of
SRC is that species diversity, activity and abundance, for
some species groups (e.g. breeding birds, carabid beetles
or vascular plants), decreases from the edge of the crops
towards the centre [7, 29-33]. These patterns were not con-
firmed in our study for large- and medium-sized mammals.
In both seasons, we did not detect any differences between
different areas within the crops, neither in terms of the num-
ber of detected species nor for their activity (use intensity
and visit frequency). Therefore, our results suggest that there
is a relatively uniform utilisation of the entire plantation
by mammal species within commercial mini-rotation SRC
of a monotonous age-class. Camera trapping surveys by
Zitzmann et al. [18] on experimental SRC sites, with stands
of different tree species and age-classes in north-western
Germany, demonstrated that these plantations were visited
more frequently and used more intensively by common spe-
cies, such as the European hare, than the commercial SRC
surveyed in our study. The majority of hare detections (but
also roe deer detections) within these structurally diverse
SRC were made at the edge-zones between open areas (e.g.
headlands, rides, harvested stands) and tree stands. Since
hare densities in both regions are at a comparable level [24,
34, 35], the structural characteristics of the SRC could have
influenced the habitat quality for this species to a signifi-
cant degree. Especially for open-land species such as the
European hare, a species of conservation concern in many
European countries and target species of various conserva-
tion efforts [8, 36, 37], the habitat potential of large-scale
SRC consisting of one uniform age-class seems to be clearly
limited. In general, European hares benefit from increased
habitat heterogeneity, i.e. a small-scale mosaic of suitable
habitats for foraging and cover with high proportions of

edge-zones [36, 38—42]. Measures aimed at increasing the
structural diversity of SRC, for example harvesting in sec-
tions in order to develop a mosaic of different age-classes, or
integrating accompanying structures such as clearings, rides
or wide headlands, could therefore improve the habitat qual-
ity of SRC for the European hare and also for other mammal
species. These measures have already been recommended
for other species groups such as breeding birds, small mam-
mals, carabid beetles and vascular plants, as effective meth-
ods to increase the biodiversity value of SRC [cf. 7,43-46],
and they are likely to be effective for large- and medium-
sized mammals too [cf. 18]. Nevertheless, they should be
systematically tested in order to verify their effectiveness for
this species group and for specific species like the European
hare. If their effectiveness is proven, some of these measures
could be offered as mammal-specific agri-environmental
schemes for SRC in order to compensate farmers for yield
losses or increased management efforts.

In addition to a monotonous vegetation structure, there
may also be reduced cover and species richness of the
ground-layer vegetation within large-scale commercial
SRC as a result of intense shading and herbicide use [4,
30]. These plantations may therefore have a reduced value
as foraging habitat for herbivorous mammal species that
feed on grasses and herbs (cf. Petrovan et al. [8] for Mis-
canthus bioenergy crops as foraging habitat for the European
hare). Therefore, if possible, the use of herbicides (which
is already low in SRC) should be completely avoided and
replaced by mechanical measures. Aside from increasing
the structural diversity of a plantation, sectional harvesting
can also contribute to an improved food supply for herbi-
vores as the weed layer regenerates after harvesting. As a
result, herbivorous species like the European hare are always
able to find patches of dense herbaceous vegetation within a
plantation. A basic problem caused by the presence of herbi-
vores on SRC is the risk of crop damage [15]. Under certain
circumstances, such as high deer densities and unfavour-
able weather conditions, browsing can lead to severe dam-
age in SRC and may require fencing, especially on smaller
plantations [47, 48]. However, this leads to the exclusion of
all large and medium-sized mammals from the plantations,
which means that any wildlife benefits, such as cover or food
supply, get completely lost for this species group. Therefore,
if possible, fencing should be avoided or be restricted to the
first years after establishment of a SRC. For areas with low
game densities and therefore a low risk of crop damage,
this can be a financially viable option, as the costs for fenc-
ing are relatively high [2, 47]. However, if the risk of deer
browsing requires fencing, then fences should be used that
exclude deer species as the major damage causers [47] from
the plantations, but have passages for smaller mammals like
hares. From a wildlife-oriented perspective, it would be use-
ful to provide financial support for appropriate fences, i.e.
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to compensate farmers for the cost difference in comparison
to regular fencing.

Unlike for farmland and ecotone species or habitat gen-
eralists, enhancing the habitat quality of SRC for forest-
associated species is difficult, since forest-specific habitat
elements (e.g. old trees, tree cavities, woody debris, nut- or
fruit-bearing trees) are missing in these plantations [13] and
their integration into the regular crop management is hardly
possible. Therefore, as for other species groups (e.g. small
mammals [43, 49], breeding birds [26, 31, 50] and carabid
beetles [51]), the habitat potential of SRC for forest-dwelling

Appendix

mammals is clearly limited [13, 18]. This also explains the
predominantly low visit frequency or even absence of more
forest-associated species such as badger, pine marten or red
squirrel at our study sites, despite the fact that the study sites
were located in a rather forested region and that these spe-
cies are quite common there. Since SRC are monotonous in
comparison to other woody habitats and their succession is
constantly hindered by harvesting in short cycles, they do
not represent a suitable alternative to forest habitat nor play
a major role as travel corridors for forest-associated mam-
mal species [13].

Table 5 Proportion (in %) of species-specific detections of the total number of detections per study site and season (cumulative detections of all
3 CTs used per site; W winter, S summer). In brackets: total number (n/18) of CTs with detections of the particular species per season

Study site
A B C D E F Total
) W 123 245 141 107 34 85 735
No. of detections
S 192 425 305 87 133 22 1,164
W 82.9 61.2 29.8 73.8 11.8 21.2 53.8 (16)
Roe deer
S 87.0 67.1 344 72.4 56.4 77.3 61.2 (17)
1. . . . 41.2 . 17.7 (14
Wild boar W 6 33 39.0 0.9 58.8 7.7 (14)
S 10.4 3.1 46.2 5.7 27.1 18.5 (10)
W 9.8 7.3 3.5 5.6 11.8 8.2 7.1(16)
Red fox
S 1.0 0.7 1.0 1.1 1.5 9.1 1.1 (11)
W 16.7 2.1 12.1 2.9 7.9 (9)
Europ. hare
S 0.7 0.3 13.8 0.8 1.5 (7)
W 33 6.5 9.2 8.8 4.9 (10)
Europ. badger
S 0.5 23.3 6.0 9.3 (6)
W 0.8 0.4 5.9 5.9 1.2 (4)
Raccoon dog
S 0.5 0.7 0.3 (2)
W 0.9 2.9 0.3(2)
Beech marten
S 1.2 0.7 0.8 0.7 (4)
R W 8.5 1.6 (3)
n
aceoo S 1.6 0.4 (1)
W 6.4 1.2 (2)
Fallow deer
S 1.0 1.4 13.8 2.3 4.5 (6)
W
Red squirrel
S 0.2 0.8 0.2 (2)
W 1.2 0.1(1)
Europ. polecat S
W 0.7 3.7 2.9 0.8 (5)
Genus Martes
S 1.1 1.5 4.5 0.3 (4)
Genus Martes W 1.2 0.1(1)
or Mustela S 0.8 0.1 (1)
. W 1.6 4.5 0.7 2.8 11.8 3.5 3.3(13)
Not determinable
S 1.9 1.3 34 4.5 9.1 2.0 (11)
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Table 6 Mean value.s (+SD) Variable Distance-class Test statistics P

of the measured variables per

CT in the three distance classes Sm 25m 50m

from the edge to the centre

of the SRC (with n=6 CTs No. of species 45+19 4.0+1.1 48+1.6 0.700 0.705 n.s

per distance-class) in winter. No. of species per camera day 0.17+0.1 022+022 0.27+0.13 3.909 0.142 n.s

Differences betwe?en the classes Visit frequency®

were tested by Friedman test .
Any species 156+79 18.6+154  243+102  4.333 0.115n.s
Roe deer 8.0+6.3 9.1+11.8 12.1+109  2.348 0.309 n.s
Wild boar 1.9+1.7 25+1.7 37+3.0 5.182 0.075 n.s
Red fox 22+1.7 39+27 42+15 3.909 0.142 n.s
Europ. hare 22+33 33+6.1 20+25 0.000 1.000 n.s
Europ. badger 0.8+1.0 22+3.1 2.1+19 4.133 0.127 n.s
Raccoon dog 02+0.5 02+0.5 1.1+19 0.500 0.779 n.s
Beech marten 02+0.6 0.2+0.5 0+0 1.000 0.607 n.s
Raccoon 02+0.5 0.2+0.5 0.8+2 2.000 0.368 n.s
Fallow deer 02+0.5 0+0 0.6+1.5 2.000 0.368 n.s
European polecat 0.2+0.5 0+0 0+0 2.000 0.368 n.s
Use intensity®
All species 349+16.1 529+47.6 632+31.2 4333 0.115n.s
Roe deer 15.6+10.7 31.2+351  323+27.8 0.783 0.676 n.s
Wild boar 99+154 5.4+438 12.6+163  0.095 0.953 n.s
Red fox 24421 45438 42+15 2.696 0.260 n.s
Europ. hare 26+39 57+11.9 3.6+4.7 0.571 0.751 n.s
Europ. badger 1.0£1.2 32445 31428 3.500 0.174 n.s
Raccoon dog 0.2+0.5 02+0.5 1.5+25 0.500 0.779 n.s
Beech marten 0.2+0.6 0.2+0.5 0+0 1.000 0.607 n.s
Raccoon 0.2+0.5 0.6x1.5 1.6+3.9 2.000 0.368 n.s
Fallow deer 04+1.0 0+0 1.4+3.4 2.000 0.368 n.s
European polecat 0.2+0.5 0+0 0+0 2.000 0.368 n.s

n.s. not significant; *p <0.05

#Visit frequency = proportion of days [%] with presence per CT

®Use intensity =no. of detections per 100 camera days per CT
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Table 7 Mean values (+ SD)

. Variable Distance-class Test statistics ~ p

of the measured variables per

CT in the three distance classes S5m 25m 50 m

from the edge to the centre of

the SRC (with n=6 CTs per No. of species 40+2.0 35+19 42+15 1.810 0.405 n.s

distance-class) in summer. No. of species per cameraday ~ 029+0.25  0.25+0.24  0.28+0.26 1.652 0.438 n.s

Differences betwe':en the classes Visit frequency®

were tested by Friedman-test .
Any species 25.0+209  222+199 24.4+21.5 1.652 0.438 n.s
Roe deer 16.5+16.1 11.0+10.3 11.9+112  0.333 0.846 n.s
Wild boar 26+44 27452 49+3.4 2.842 0.241 n.s
Red fox 20+1.2 0.5+0.8 1.1+0.8 3.125 0.210 n.s
Europ. hare 1.1+2.0 0.8+0.9 1.1+1.7 0.143 0.931 n.s
Europ. badger 2.7+4.6 5.6+12.3 54+124  0.200 0.905 n.s
Raccoon dog 0+0 0.6+0.9 0+0 4.000 0.135n.s
Beech marten 08+1.3 0.3+0.8 0.3+0.7 1.400 0.497 n.s
Raccoon 0+0 0+0 0.3+0.7 2.000 0.368 n.s
Fallow deer 1.4+3.3 1.3+24 1.9+2.6 1.077 0.584 n.s
Red squirrel 0.5+0.8 0+0 0+0 4.000 0.135n.s
Use intensity®
All species 108.2+88.6  75.6+57.6 1443+125.8 4.333 0.115n.s
Roe deer 83.3+71.3 36.9+28.0 80.6+93.0 2333 0.311 n.s
Wild boar 58+£7.2 10.5+16.9 42.6+86.1  0.316 0.854 n.s
Red fox 20+1.2 05+0.38 1.1+£0.8 3.125 0.210 n.s
Europ. hare 39+89 0.8+£09 1.7+2.9 0.143 0.931 n.s
Europ. badger 6.5+12.3 13.2+30.0 94+223  0.182 0913 n.s
Raccoon dog 0+0 12+1.9 0+0 4.000 0.135n.s
Beech marten 1.1+1.9 0.7+1.6 0.5+1.3 1.400 0.497 n.s
Raccoon 0+0 0+0 14+3.3 2.000 0.368 n.s
Fallow deer 32+79 8.0+15.2 4.6+7 1.077 0.584 n.s
Red squirrel 0.5+0.8 0+0 0+0 4.000 0.135n.s

n.s. not significant; *p <0.05

#Visit frequency = proportion of days [%] with presence per CT

®Use intensity =no. of detections per 100 camera days per CT
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