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Abstract
We surveyed occurrence and activity of large and medium-sized mammals on three experimental short-rotation coppice (SRC)
and three afforestations by camera trapping. Both habitat types were surveyed simultaneously in spring. Additional wintertime
surveys were performed on the SRC to consider seasonal aspects of habitat utilisation. In spring, SRC and afforestations were
predominantly used by the same species. European hare (Lepus europaeus) and roe deer (Capreolus capreolus) were the most
active species across all sites. Additionally, the European rabbit (Oryctolagus cuniculus) showed intense activity on one SRC
site. Activity of carnivorous and omnivorous species was comparatively low in both habitat types, but even lower on the SRC.
The only forest-associated species (European badger Meles meles), detected on all afforestations, was absent from the SRC. In
winter, the surveyed SRC were used by the same species as in spring. Most species showed similar activity on the SRC in both
seasons. We conclude that small-scale and structurally diverse SRC provide suitable habitat, in different seasons, especially for
herbivorous mammals associated with farmland and forest-ecotones rather than forest species. The extent to which our results can
be generalised to large-scale commercial SRC is unclear. However, the results indicate that SRC can be managed in a manner
compatible with wildlife and may then have a habitat function for mammals comparable to that of young afforestations. Creation
of within-plantation heterogeneity can be a suitable measure to improve habitat quality and should, therefore, be considered in the
design and management of SRC.
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Introduction

Renewable energy from biomass cultivation has significantly
expanded in recent decades in order to reduce the consump-
tion of fossil fuels and greenhouse gas emissions (Edenhofer
et al. 2012). However, the cultivation mostly employs inten-
sively managed, first-generation annual biomass crops that
can have considerable negative effects on the environment
and biodiversity (Huston and Marland 2003; Robertson et al.
2008; Eggers et al. 2009; Meehan et al. 2010; Fletcher et al.
2011; Everaars et al. 2014; Immerzeel et al. 2014; Sauerbrei

et al. 2014). Alternatively, different perennial biomass crops
can offer a more sustainable land-use option (Lewandowski
2016; Englund et al. 2020). One of these second-generation
biomass crops are short-rotation coppice (SRC). These are
plantations of fast-growing trees (typically hybrids of poplar
or willow) that are harvested in 3–5 year cycles and utilised
usually for their dendromass for energy production (Dimitriou
and Rutz 2015).

Establishing SRC on arable land leads to a significant
change in habitat characteristics and therefore provides new
habitat for wildlife on farmland (Christian et al. 1994; Sage
1998). Studies on biodiversity of these crops have shown pos-
itive effects compared to intensively managed arable land,
especially in cleared agricultural landscapes and on structur-
ally diverse plantations (Baum et al. 2009; Rowe et al. 2009;
Schulz et al. 2009; Vanbeveren and Ceulemans 2019). These
previous studies primarily focused on breeding birds, carabid
beetles and vascular plants. In contrast, studies focusing on the
habitat function for mammals are rare and have a distinct
focus on small mammals (Christian et al. 1997, 1998;
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Coates and Say 1999; Moser et al. 2002; Giordano and
Meriggi 2010; Campbell et al. 2012). The few studies
concerning large and medium-sized mammals on SRC
(Christian 1997; Sage and Tucker 1998; Bergström and
Guillet 2002; Schulz et al. 2008; Fry and Slater 2009) are
either based on the detection of characteristic tracks or merely
document observations made during field work on other spe-
cies groups. Hence, their findings are mainly based on indirect
detections over short survey periods and accidental observa-
tions, rather than on long term systematic surveys. Knowledge
about the habitat use and quality of SRC for large and
medium-sized mammals is, therefore, still limited.
Considering the possible increase in SRC cultivation, in the
context of expansion of renewable energies from biomass
(Rowe et al. 2009; Don et al. 2012), more knowledge is need-
ed to guide such development in an environmentally sound
way and to incorporate biodiversity concerns into the crop
management (Sage 1998; Dauber et al. 2010).

The aims of our investigation were therefore to determine
(i) which large and medium-sized mammal species integrate
small-scale and structurally diverse SRC into their habitat
utilisation, (ii) how frequently and intensively these planta-
tions are used by those species and (iii) which seasonal aspects
of habitat use and activity exist. Furthermore, we want (iv) to
evaluate the habitat function of these SRC in comparison to
afforestations, which represent woody habitats with a similar
vegetation structure and age as SRC and which are commonly
implemented measures for wildlife conservation in agricultur-
al landscapes. Based on our results, recommendations are giv-
en for a mammal-friendly design and management of SRC.

Materials and methods

Study area and study sites

Surveys were conducted from November 2018 to January
2019 and from March to June 2019 on three SRC and three
deciduous afforestations in the municipality of Schapen, in the
southern part of the county of Emsland (Lower Saxony,
Northwestern Germany). Study sites were located between 1
and 5.5 km apart (Fig. 1). The landscape in this region is
dominated by intensive agricultural use (approx. 70%, pre-
dominantly arable land) and contains a relatively low (14%)
proportion of woodland (Gepp 2015; Landkreis 2016). The
area surrounding the individual study sites was also dominat-
ed by open habitat, in particular arable land (Table 1, Fig. 1).
Distance to larger (>10 ha) forested areas was between 500
and 1500 m for all sites, except for afforestation C, which
bordered directly on a larger forested area. In addition, one
SRC and one afforestation were situated right next to smaller
established woodland (of at least 1 ha in size), while the other

three sites were situated at a greater distance (>600 m) to the
next smaller woodland.

The three SRC sites were established at the beginning of
2011 and 2012. They are experimental sites that were
established to investigate the suitability of SRC as an alterna-
tive measure for wildlife conservation (Wagener et al. 2013).
Therefore, these sites are managed less intensively (no use of
fertilisers and pesticides) and are particularly diverse in terms
of their structural characteristics in comparison to large-scale
commercial SRC. Beneath clones of poplar (Max 3, Hybride
275) and willow (Inger, Tordis), some native woody species
were each planted in blocks of 20 m width (Table 1, Fig. 2).
Planting density varied between 5000 (Betula pendula) and
12,000 (willows) stools per hectare, depending on the tree
species. Crops are annually only partially harvested, creating
a mixture of different age classes (Figs. 2 and 3). Smaller parts
(<0.5 ha) of the willow and poplar stands were harvested, for
the very first time, in February 2018 and in February 2019. At
the time of the study, regrowth of recently cut stands showed
heights of up to a maximum of 1 m, while stands cut in the
previous year reached heights of 2–4 m. The so far uncut
willow and poplar stands had grown to heights of 10 up to
15 m.

The three afforestations were established at the end of 2012
as measures for wildlife conservation. Different native tree
species were planted in varying proportions on each site
(Table 1). In addition, various shrubs such as Crataegus-
and Salix-species, Corylus avellana, Euonymus europaeus,
Sorbus aucuparia and Prunus spinosa were planted at the
margins of the sites. Planting density varied between 6000
and 7000 stools per hectare. Height varied according to spe-
cies type and site and ranged between 3 and 5 m at the time of
the study.

Both afforestations and SRC contained some smaller gaps
but also larger open areas with the character of clearings due to
the failure of trees and shrubs to grow. In addition, rides, and
in the case of the SRC, harvested plots and headlands, in-
creased the structural diversity of the sites.

Survey methods

We used camera traps (CTs) to observe large and medium-
sized mammals on the study sites. CTs are camera systems
which are automatically triggered by motion and infrared-
sensors once an animal of sufficient size is present within
the detection area. Due to the similar vegetation structures,
the conditions for detectability using CTs in the surveyed
habitat types are virtually identical and the results are therefore
easily comparable (cf. O’Connell et al. 2011; Burton et al.
2015). Four CTs, either “Dörr Snapshot Limited Black
5.0S” or “Dörr Snapshot Extra 5.0MP”models, were installed
on each study site. Both models are able to record at night and
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at dawn and are almost identical in terms of their basic tech-
nical features.

The four CTs were placed between differently structured
sub-areas (e.g. borders between woody stands and clearings/
rides, between stands of different clones/woody species, or
between stands of different age classes) on each site. A min-
imum distance of 30 m was set between the individual CTs in
order to distribute them as evenly as possible over the sites.
The exact position of the CTs at the borders of differently
structured sub-areas was selected randomly. CTs were at-
tached to trees or rods, with the camera lens at a height of
55 cm. The number of images generated per trigger was set

to three, meaning that a series of three images was created
during a single triggering event. This facilitates the subsequent
identification and determination of mammal species on the
images. Delay between two consecutive triggers was set to
5 s. Sensitivity of the motion sensor was set to high. CTs were
active one hour before sunset to one hour after sunrise since
the main activity of most mammal species is at dawn and
night. CTs were controlled every 10–20 days. Surveys were
conducted in winter (SRC only) from 28 November 2018 to
10 January 2019 (43 nights) and in spring (SRC and affores-
tations) from 20 March 2019 to 19 June 2019 (91 nights). On
the SRC, different positions for the CTs were used in different
seasons, i.e. after the winter surveys the CTs were again ran-
domly distributed between differently structured sub-areas for
the springtime surveys.

Exposure time of the 24 CTs used during spring was a total
of 2083 camera nights, thereof 1031 (49.5%) on the SRC and
1052 (50.5%) on the afforestations. Per study site, all four CTs
were active between 328 and 364 camera nights. The number
of active camera nights per CT varied slightly due to individ-
ual technical failures, but differences between SRC (85.9 ±
8.7 SD) and afforestations (87.7 ± 4.1) were negligible.
During the wintertime survey period, all 12 CTs used on the
SRC remained fully functional and were active for 43 nights
each. The total exposure time of all CTs used in winter was
516 camera nights (172 per site).

Data preparation and statistical analysis

After finishing camera trapping, the relevant information
from the series of images with visible large and medium-
sized mammals was transferred into a table for further
statistical analysis. Thereby, one detection always consists
of a series of three consecutive images (see CT settings).

Fig. 1 Location of the study region in Germany and location of the study
sites in the municipality of Schapen

Table 1 Characteristics of the study sites

Habitat type Site Size [ha] Woody species Ratio woody to
open habitat1

Distance [m] to next woodland2

≥1 ha >10 ha

SRC A 2.0 Populus Max 3/Hybride 275, Salix Inger/Tordis,
Sorbus aucuparia, Betula pendula

0.09 adj. 1500

B 2.2 P. max 3/Hybride 275, S. Inger/Tordis, S. aucuparia,
B. pendula, Alnus glutinosa

0.05 600 800

C 2.0 P. Max 3, S. Inger/Tordis, S. aucuparia, B. pendula,
A. glutinosa, A. incana

0.13 800 1400

Afforestations A 0.9 B. pendula, Fagus sylvatica, Quercus robur 0.1 adj. 500

B 3.2 Acer pseudoplatanus, Q. robur, Q. petraea, Carpinus betulus 0.11 850 1500

C 3.4 Q. robur, Q. petraea, B. pendula, C. betulus, F. sylvatica 0.3 adj. adj.

1 Ratio of the area of woody habitat (woodland, groves, shrubs, hedges) to the area of open habitat (arable land, grassland, fallow land) within a radius of
500 m around each site
2 Distance to the next established woodland of smaller size (at least 1 ha) and distance to the next larger forested area (>10 ha), adj. = adjacent
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Only images with mammal species of at least the size of a
red squirrel (Sciurus vulgaris L., 1758) were taken into
account. Images of smaller mammals (mostly Muroidea)
were excluded from further consideration, as were images
without any visible mammal species, images of birds and
human-induced images. Since domestic mammals were
not the objective of our study, detections of cats (Felis
silvestris catus L., 1758) and dogs (Canis lupus familiaris
L., 1758) were also excluded. For each detection, the date
and time of the detection, the specific position of the CT
on the particular study site and the mammal species
shown on the particular series of images was documented
(as long as this was determinable on basis of the photo-
graphic material).

On this basis, species numbers were calculated per habitat
type (SRC and afforestation), per study site and per CT (total
no. of species per CT and no. of species per CT per camera
night). Furthermore, the following indices were calculated as
indicators for the spatial and temporal use of the study sites by
the different species. One camera night is thereby defined as
the time frame from 1 h before sunset to 1 h after sunrise the
following day.

& The Detection Rate (DR) indicates the number of detec-
tions per CT in relation to 100 camera nights (cf. Burton
et al. 2015). We consider the DR as an indicator of the use
intensity (cf. Armenteros et al. 2020). DR is given for the
individual species and cumulatively for all species

Fig. 3 Different age classes of
poplar (left) and willow (right)
hybrids on site B. The red dot in
Fig. 2 indicates the point of view
while taking the image
(Recording date: May 2019)

Fig. 2 Aerial view on one of the
SRC study sites (site B). The
species-specific cultivation units,
each 20 m in width, with different
poplar and willow hybrids (in
different age classes) and different
native woody species are clearly
visible (Recording date:
June 2019)
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together (overall DR). It is calculated by DR = (no. of
detections/no. of active camera nights) × 100.

& The Temporal Presence Rate (TPR) indicates the proportion
of active camera nights that a particular species has been
recorded. Therefore, the number of detections is irrelevant.
Only presence/absence of each species per camera night is
taken into account. TPR is considered as an indicator of the
visit frequency (cf. Armenteros et al. 2020) and is calculated
per CT and per study site (cumulatively for 4 CTs). It is
calculated by TPR = (no. of nights with presence of the spe-
cies × 100)/no. of active camera nights.

& As an indicator for the extent of spatial utilisation of the
study sites by the species found, Spatial Presence Rate,
i.e. the number of CTs (n = 12 per habitat type) by which a
particular species has been detected during the study peri-
od, was determined.

The number of detections per CT were modelled using
generalised estimating equations (GEE), with log-link, as-
suming the Poisson distribution with extra-Poisson vari-
ability, with the difference between the habitat types
(SRC and afforestations) as a fixed effect (Hardin and
Hilbe 2013). To account for repeated measurements from
the same site, an exchangeable correlation structure was
assumed for observations within the same site. DR (both
for the different species and cumulatively for all species
together) were estimated as a ratio to the number of active
camera nights, by including the log number of active cam-
era nights as an offset into the model (see description of
activity-indices above). This leads to estimated rates
corrected for the possibility of different numbers of active
camera nights per CT. Based on the fitted model parame-
ters, an asymptotic test for the difference between the hab-
itat types (springtime surveys) was performed on the link
scale, with the null hypothesis of equal rates between SRC
and afforestations, and the alternative hypothesis of differ-
ent rates between both habitat types. The total number of
species per CT was analysed using the same methods as for
the detections per CT, but without using the number of
active camera nights as an offset. For the analysis of
TPR, the number of nights with species present and absent
was modelled in a GEE assuming the binomial distribution
with extra-binomial variability, with logit link, season as a
fixed effect, and assuming exchangeable correlation struc-
ture for observations from the same site. Based on the
estimated model parameters, asymptotic tests were per-
formed for the null hypothesis of equal TPR between
SRC and afforestations, vs. the alternative hypothesis of
different TPR between both habitat types.

For the comparison of seasonal aspects (winter vs. spring)
of habitat utilisation within the SRC, we used GEE models
with the same assumptions, links and offset specifications as
described above, except that the exchangeable correlation

structure was for observations within the same site and season.
Hypotheses tests following these models tested the null hy-
pothesis of equal rates between seasons vs. the alternative of
different rates between seasons.

Model fitting and subsequent statistical testing was per-
formed in R Version 3.6.1 (R Core Team 2019), using R
package geepack (version 1.2–1, Halekoh et al. 2006) and
package emmeans (version 1.4, Lenth et al. 2019) for model
based comparison of habitat types or seasons.

Results

Springtime surveys on SRC and afforestations

Between March and June 2019, a total of 4840 detections of
large and medium-sized mammals were made, 2576 (53.2%)
of them on the SRC and 2264 (46.8%) on the afforestations.
4696 (97%) detections could be determined up to species lev-
el, another 19 (0.4%) up to genus level (Martes) and 108
(2.2%) up to family level (Leporidae or Mustelidae). For 17
detections (0.4%) determination was not possible due to poor
image quality.

A total of eight species were detected (Table 2), seven of
them on the SRC and six on the afforestations. For each SRC
site, 4–6 species were found, and for each afforestation site 5–
6 species. Total species number per CT (Table 4) was consid-
erably higher on afforestations (4.42 ± 1.0) than on SRC (3.42
± 1.0) (p < 0.0001). Number of species per CT per camera
night did not differ between both habitat types (p = 0.70).
Five species - European hare (Lepus europaeus), roe deer
(Capreolus capreolus), beech marten (Martes foina), red fox
(Vulpes vulpes) and European hedgehog (Erinaceus
europaeus) - were found in both habitat types. European bad-
ger (Meles meles) was only detected on the afforestations,
while European rabbit (Oryctolagus cuniculus) and
European polecat (Mustela putorius) were only found on the
SRC (Table 2).

On the afforestations, five out of six species (roe deer, hare,
red fox, badger, beech marten) were detected on all three sites
and by more than half of the CTs used. In comparison, on the
SRC, only three species (hare, roe deer, beech marten) were
detected on all three sites by more than half of the CTs used.
The four remaining species were detected only on one (red fox,
polecat) or two (rabbit, hedgehog) sites and only by a few CTs.

Activity of most species was extremely variable in both
habitat types (see extremely high SD for DR and TPR in
Table 4) and there were sometimes considerable differences
in activity between different sites and in some cases, even
more extreme differences in activity between different CTs
on one and the same site. CTs located at the borders between
open habitat features, such as headlands or rides, and woody
stands, showed especially high numbers of detections in both
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habitat types. This became particularly clear during the spring-
time surveys on the SRC. On two sites (A and C), single CTs
located at the borders between rides and woody stands were
responsible for 71 and 75% of all detections made on these
sites. The overall DR (all species considered) per CT was
slightly higher for SRC (246.9 ± 318.3) than for afforestations
(216.1 ± 130.1). However, differences were not significant
(p = 0.62). For the five species detected in both habitat types,
there were only minor differences in activity between the two
habitat types for hare, beech marten and hedgehog. In con-
trast, roe deer and red fox were considerably more active on
afforestations than on SRC (see species-specific results).

Wintertime surveys and seasonal aspects of habitat
utilisation on SRC

In total, 906 detections of large and medium-sized mammals
were made during the wintertime survey period between
November 2018 and January 2019. Image series of 889
(98.1%) detections were identified to species level, six to ge-
nus level (Martes) and another six to family level (Leporidae
and Mustelidae). For five detections, identification was not
possible.

A total of six large and medium-sized mammal species
were found on the three SRC during winter (Table 2).
Except for the hedgehog, which hibernates, these were the
same species as recorded in spring. For each SRC site, slightly
fewer species were detected in winter (3–5 species) than in

spring (4–6 species). Total species number per CT was 3.25 ±
0.87, and therefore only slightly lower than in spring (3.42 ±
1.0) (p = 0.67). Number of species per CT per camera night
also did not differ between the seasons (p = 0.59).

As in spring, the activity of most species was highly vari-
able (Table 4). OverallDR per CT was lower in winter (175.6
± 128.9) than in spring (246.9 ± 318.3). However, extremely
high values recorded by single CTs, especially in spring,
strongly influenced the mean. The medians were much closer
(winter 114, spring 134). Therefore, difference in overall DR
between the seasons was not significant (p = 0.22). In addi-
tion, activity of the individual species mainly differed slightly
between the seasons (see species-specific results).

Species-specific results

European hare and roe deer

Both in spring (SRC and afforestations) and in winter (SRC),
hare and roe deer were found across all study sites and were by
far the most active species with regard to their number of
detections and their temporal presence (Tables 2, 3 and 4).
Hares were responsible for a total of 2277 detections in spring,
of which 1363 (59.9%) were made on the SRC and 914
(40.1%) on the afforestations. On two SRC, hares were re-
corded in more than 90% of nights, while on the third SRC
hares were detected in only 37% of nights. On the afforesta-
tions, hares were recorded in slightly fewer nights (Table 3).

Table 2 List of species detected
per habitat type (SRC and
afforestations) and season (SRC
in winter and in spring) and
proportion of species-specific de-
tections of the total number of
detections per habitat type and
season (cumulative detections of
all 12 CTs used per type)

Species name SRC_WINTER SRC_SPRING AFFORESTATIONS

Europ. hare Lepus europaeus (Pallas, 1778) 60.9% (12)

■ ■ ■

52.9% (12)

■ ■ ■

40.4% (11)

■ ■ ■
Roe deer Capreolus capreolus (L., 1758) 24.3% (12)

■ ■ ■

25.7% (12)

■ ■ ■

55.6% (12)

■ ■ ■
Europ. rabbit Oryctolagus cuniculus (L., 1758) 11.2% (4)

■

14% (3)

■ ■

–

Beech marten Martes foina (Erxleben, 1777) 0.6% (2)

■
0.8% (7)

■ ■ ■
1% (7)

■ ■ ■
Red fox Vulpes vulpes (L., 1758) 0.3% (3)

■ ■

0.1% (2)

■

1.1% (8)

■ ■ ■
Europ. hedgehog Erinaceus europaeus (L., 1758) – 0.08% (2)

■ ■

0.09% (2)

■
Europ. badger Meles meles (L., 1758) – – 1.5% (11)

■ ■ ■
Europ. polecat Mustela putorius (L., 1758) 0.3% (3)

■

0.04% (1)

■

–

No. of species per site (site A/B/C) 4 / 3 / 5 6 / 4 / 5 6 / 5 / 5

No. of species per habitat type/season 6 7 6

■ / ■■ / ■■■ =Detections on one, two or three sites of the particular type; In brackets: Spatial presence rate, i.e.
number (n/12) of camera traps with detections of the particular species. Detections that were not determinable to
the species level are not included and are missing to 100%
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Both activity indices, however, showed only minor differ-
ences between the habitat types (DR: p = 0.41; TPR:
p = 0.64). Hare activity on the SRC was similar in winter
and in spring (DR: p = 0.57; TPR: p = 0.42). In winter, the
species was detected in 81–86% of nights per site. The pro-
portion of nights with presence of hares was therefore at a
comparably high level in both seasons, but more balanced
between the three sites in winter.

Roe deer were detected 1920 times in spring, including
1258 (65.5%) detections on the afforestations and 662
(34.5%) detections on the SRC. The proportion of nights with
roe deer detections was slightly higher on the afforestation
sites (60–78%) than on the SRC sites (46–64%). Likewise,
the means of both activity indices per CT were higher on the
afforestations. Differences inDRwere significant (p = 0.032),
while differences in TPRwere considerable but not significant
(p = 0.078). In winter, roe deer were detected in fewer nights
per SRC site (37–47%) than in spring. Therefore, TPR was
significantly higher in spring (p = 0.0001). Differences in DR
were not significant between both seasons (p = 0.17).

European rabbit

In spring, rabbits were found on two SRC. On one of
these sites, rabbits were highly active and were detected
in 72.5% of nights. On the second site there were only a
few detections in one single night. In winter, rabbits were
found on one SRC. On this particular site, the species was
recorded in 76.7% of nights and therefore was detected as
frequently as in spring. Consequently, activity did not
differ between both seasons (TPR: p = 0.86; DR:
p = 0.61).

Carnivorous and omnivorous species

Overall, the activity of carnivorous and omnivorous spe-
cies was relatively low in comparison to the activity of
herbivorous species across all study sites of both habitat
types (Tables 3 and 4). With regard to the comparison of
both habitat types, cumulative activity of carnivorous and
omnivorous species was significantly higher on afforesta-
tions (DR: p = 0.028; TPR: p = 0.031). Considering the
individual species, beech martens were detected on all sites
of both habitat types and activity did not differ between the
habitat types (DR: p = 0.82; TPR: p = 0.18). Red foxes
were detected on only one SRC site, but on all afforestation
sites in spring. Therefore, activity was significantly higher
on the afforestations (DR: p = 0.015; TPR p = 0.034).
Badgers were detected on all afforestation sites, but were
completely absent from the SRC in both seasons. Activity
of hedgehogs was extremely low in both habitat types and
did not differ between afforestations and SRC (p = 0.98 for
DR and TPR). The polecat was found on only one SRC site
in spring. The unique detection by a single CT indicates a
very low activity of this species there.

With regard to seasonal aspects of habitat utilisation of
carnivores and omnivores on the SRC, there were only
minor differences between winter and spring regarding
both activity indices (DR: p = 0.17; TPR: p = 0.34).
Nevertheless, there were seasonal differences with regard
to the number of CTs with detections of the individual
species of this group and the number of sites they were
detected on. In winter, beech marten was detected on only
one SRC by 2 CTs (spring: all sites, 7 CTs). However,
activity on this particular site was at a similar level in both
seasons (DR: p = 0.40; TPR: p = 0.37). Red foxes were
detected on two SRC by a total of 3 CTs in winter (spring:
one site, 2 CTs), but activity did not differ between the
seasons (p = 0.45 for DR and TPR). Like in spring, the
polecat was found on only one SRC site in winter.
Activity was slightly higher, but still on a low level.
Therefore, there were no significant differences between
both seasons (DR: p = 0.14; TPR: p = 0.13).

Table 3 Temporal presence (in % of nights surveyed) of the mammal
species per study site (aggregated value of all 4 CTs used per site)

Species name Presence per study site

A B C

Europ. hare SRCWINTER 81.4 81.4 86.0

SRCSPRING 90.1 37.4 91.2

AFFOREST 58.2 80.2 36.3

Roe deer SRCWINTER 46.5 37.2 37.2

SRCSPRING 46.2 63.7 60.4

AFFOREST 78.0 60.4 64.8

Europ. rabbit SRCWINTER – – 76.7

SRCSPRING 1.1 – 72.5

Beech marten SRCWINTER – 7.0 –

SRCSPRING 7.7 3.3 6.6

AFFOREST 5.5 2.2 3.3

Red fox SRCWINTER 4.7 – 2.3

SRCSPRING – 3.3 –

AFFOREST 2.2 5.5 9.9

Europ. hedgehog SRCSPRING 1.1 – 1.1

AFFOREST 2.2 – –

Europ. badger AFFOREST 9.9 5.5 6.6

Europ. polecat SRCWINTER – – 7.0

SRCSPRING 1.1 – –

Carnivores and omnivoresa SRCWINTER 9.3 16.3 9.3

SRCSPRING 15.4 11.0 11.0

AFFOREST 22.0 12.1 22.0

a Cumulative detections of the species red fox, badger, hedgehog, beech
marten, polecat and members of the Mustelidae family which were not
determinable to the species level due to poor image quality
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Discussion

Most of the species found in both habitat types are common
and widespread generalists which typically colonise agricul-
tural landscapes and ecotones between farmland and wood-
land (Meinig et al. 2020). The presence of strictly forest-
associated species was not expected due to their geographical
distribution (e.g. European wildcat Felis silvestris Schreber,
1777) and because they are fairly rare throughout this region
because of the low proportion of woodland (e.g. pine marten
Martes martes L., 1778). Nevertheless, the young woody
stands also did not seem to be an attractive habitat for common
forest-associated species that have rather small territories. For
instance, red squirrels, which were regularly seen in forests
and hedgerows in the area surrounding the study sites. This
limited attraction of SRC for forest-dwelling species is in line
with the results of Christian (1997), who found significantly
lower activity of forest-associated medium-sized mammals on
SRC than in adjacent woodland habitats during snow-tracking
studies in the USA. He concludes that SRC function largely as
open habitat, rather than forest habitat, due to their simple

vegetation structure. Furthermore, Christian (1997) concludes
that SRC cannot be expected to improve or increase habitat
nor to play a major role as travel corridors for forest-associated
mammal species. Studies on small mammals on SRC in the
USA, which also revealed only minor importance for forest
species (Christian et al. 1997, 1998), support this hypothesis.
The only species with a somewhat stronger forest-association
in our study was the European badger (cf. Keuling et al. 2011),
which was exclusively detected on the afforestation sites.
However, the absence of badgers on the surveyed SRC cannot
necessarily be explained by the habitat type itself. Badger
tracks were found on several SRC in the UK (Sage and
Tucker 1998; Fry and Slater 2009) and camera trapping on
different SRC in a more forested region in Northern Germany
(Zitzmann, unpublished data) also showed, that badgers incor-
porate SRC into their territories. The distance to the next
established woodland might have an influence on whether
more forest-associated species, like badgers, incorporate
SRC into their habitat use. However, within our study, one
afforestation site (site B) located relatively far away from the
next established woodland was regularly used by the badger,

Table 4 Mean values (± SD) of the measured variablesDR (=Detection
Rate, i.e. number of detections per 100 camera nights) and TPR
(=Temporal Presence Rate, i.e. proportion [in %] of nights with

presence of a particular species) per CT (with n = 12 CTs for each type)
on SRC (winter and spring) and afforestations (spring)

Variable SRCWINTER SRCSPRING AFFORESTATION pSEASON pHABITAT

Total no. of species per CT 3.25±0.87 3.42±1.0 4.42±1.0 n.s. ***

No. of species per CT per camera night 0.67±0.34 0.67±0.53 0.64±0.28 n.s. n.s.

Overall DR (all species) 175.6±128.9 246.9±318.3 216.1±130.1 n.s. n.s.

Europ. hare DR 107±70 131.9±197.1 86.9±88 n.s. n.s.

TPR 39.9±16.4 32.8±28.3 27.4±19.7 n.s. n.s.

Roe deer DR 42.6±50 62.5±47.7 120±94.4 n.s. *

TPR 14.4±10.3 21.7±14.3 30.1±13.4 *** n.s.

Europ. rabbit DR 19.6±41.2 34.2±103 – n.s. –

TPR 9.1±16.4 7.7±19.3 – n.s. –

Beech marten DR 0.97±2.71 1.9±2.1 2.3±5.05 n.s. n.s.

TPR 0.78±2.07 1.61±2.01 1.1±1.76 n.s. n.s.

Red fox DR 0.58±1.04 0.28±0.68 2.23±2.62 n.s. *

TPR 0.58±1.04 0.28±0.68 1.67±1.79 n.s. *

Europ. hedgehog DR – 0.19±0.45 0.18±0.43 – n.s

TPR – 0.19±0.45 0.18±0.43 – n.s

Europ. badger DR – – 3.2±2.9 – –

TPR – – 2.32±2.06 – –

Europ. polecat DR 0.58±1.04 0.01±0.32 – n.s. –

TPR 0.58±1.04 0.01±0.32 – n.s. –

Carnivores and omnivoresa DR 3.49±3.92 4.9±4.09 8.6±7.72 n.s. *

TPR 3.29±3.36 3.96±3.28 5.86±4.18 n.s. *

Significant differences between habitat types (pHABITAT ) and between seasons (pSEASON ) are shown by bold type, p-values are stated in the text. * p < 0.05,
** p < 0.01, *** p < 0.001, n.s. not significant
a Cumulative detections of the species red fox, badger, hedgehog, beech marten, polecat and members of the Mustelidae family which were not
determinable to the species level due to poor image quality
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while on the three SRC sites, which were located at a similar
or even lower distance to the next woodland (cf. Table 1), no
badgers were detected. Therefore, it is likely that badger ter-
ritories were only present in the area surrounding the affores-
tations, while there were no occupied territories in the area
surrounding the SRC. However, with increasing age, affores-
tations become more attractive for badgers and other forest-
associated species, while SRC as permanently young woody
habitats are probably only sporadically incorporated into their
habitat use and do not represent a habitat of major importance
for these species.

In his study, Christian (1997) neither found clear evidence
for concentrated use nor for extensive avoidance of SRC by
medium-sized carnivores such as the red fox. He therefore
presumes that these species regularly pass through SRC, but
are not particularly active on the sites themselves. These as-
sumptions, based on a momentary snapshot (snowtracking),
are supported by our camera trapping surveys taken over a
period of 134 nights in different seasons. Our results show
that carnivores like red fox, beech marten and polecat occa-
sionally included SRC in their habitat use. However, extreme-
ly low TPR and DR did not indicate extended stays or inten-
sive activities. Despite favourable structural characteristics of
the surveyed SRC for small mammals (cf. Bodnor 1995;
Christian et al. 1997, 1998; Moser et al. 2002; Campbell
et al. 2012), carnivorous medium-sized mammals seem to
prefer other habitats than the surveyed SRC for hunting. A
lower abundance of small mammals on SRC in comparison
to wooded and non-wooded wildlands was found by Christian
et al. (1997), which supports this hypothesis. Significantly
higher (although still generally low) activity of carnivorous
and omnivorous species on the afforestations could therefore
be related to the increased abundance of small mammals or
other prey. This may be interpreted as a first indication of
undisturbed development moving towards a more natural for-
est habitat.

Mainly, the three surveyed SRC provided attractive habitat
for herbivorous farmland and forest-ecotone species (hare, roe
deer, rabbit) in both seasons. Thereby, their semi-open char-
acter, caused by regular partially harvests and clone-failures,
is especially favourable for inhabitants of open and semi-open
landscapes such as hare and rabbit. Small-scale and structur-
ally diverse SRC could therefore represent a suitable wildlife
conservation measure for farmland species of conservation
concern such as the European hare, whose populations have
considerably declined in many European countries (Vaughan
et al. 2003; Smith et al. 2004; Petrovan et al. 2017). A basic
problem caused by the presence of herbivores on SRC is the
increased risk of crop damage (Bergström and Guillet 2002).
Experience from cultivation practice shows, however, that
cost-intensive fencing is only necessary in exceptional cases
(e.g. at high game densities or in the sensitive phase after
establishment) and that damage caused by game browsing is

marginal and therefore tolerable in most cases (Dimitriou and
Rutz 2015).

With regard to the seasonal aspects of habitat utilisation on
the SRC, the reduced presence of roe deer in winter in com-
parison to spring could be related to general lower food avail-
ability in this season and accordingly larger foraging areas
during winter. Furthermore, in spring when roe deer give
birth, the cover of SRC may also have led to a more frequent
use. For the reasons leading to the higher activity of roe deer
on the afforestations in spring, we can only speculate. Reasons
may include, for example, a better food supply as a result of
the greater variety of woody species or the presence of pre-
ferred woody species for browsing.

As a major result of our study we showed that structurally
diverse and extensively managed SRC are predominantly
used by the same species as young deciduous afforestations.
However, most of the species found on the afforestations were
detected across all sites of this habitat type and tended to be
detected bymore CTs than on the SRC.Most species recorded
on the afforestations (roe deer, hare, badger, red fox, beech
marten) were therefore constant and regular users of this hab-
itat type. In contrast, the SRC had sporadic occurrence of
some species (polecat, hedgehog and red fox), both in terms
of space (number of sites and CTs with detection) and time
(number of detections and nights with presence), suggesting
that these species only include SRC occasionally into their
habitat use. Furthermore, species occurring in both habitat
types showed either similar or higher activity on the affores-
tations, indicating a slightly higher habitat quality for these
species. Nevertheless, the results also demonstrate that SRC
can be managed in a manner suitable for different large and
medium-sized mammals. Major differences in DR and TPR
between individual CTs on one and the same site indicate
differences in intensity of mammal use within the study sites.
Habitat features such as rides and edge-zones between open
areas (e.g. headlands and rides) and woody stands seemed to
be particularly attractive for the most species, especially for
hare and roe deer. Therefore, measures aimed at increasing the
structural diversity of SRC seem to be suitable to enhance
habitat quality not only for other species groups (cf.
Christian 1997; Christian et al. 1997; Hanowski et al. 1997),
but also for large and medium-sized mammals. SRC designed
and managed in this way may have a habitat function for large
and medium-sized mammals comparable to that of young
afforestations.

The extent to which our results can be generalised to com-
mercial SRC is unclear and knowledge about the use and
activity of large and medium-sized mammals within large-
scale commercial SRC is still limited (cf. Christian 1997).
Studies on other species groups showed that commercial
SRC have a lower biodiversity than small-scale experimental
SRC and that most species show higher activity or abundance
at the edge of the crop than in the centre (for breeding birds see
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Hanowski et al. 1997; Sage et al. 2006; Gruß and Schulz
2011, for vascular plants see Weih et al. 2003; Cunningham
et al. 2004; Rowe et al. 2011). Likewise, commercial cultiva-
tion of a limited number of tree species in monotonous large-
scale units and a more intensive management might reduce
habitat quality of SRC for mammals (Christian 1997;
Christian et al. 1997) and our results, in particular the consid-
erably increased mammalian activity found within habitat fea-
tures such as rides and edge-zones, indicate this. We assume
that species associated with more open habitat, such as rabbit
or hare, could be negatively affected by large-scale monoto-
nous and dense plantations, while forest-associated species
would have no further advantages from lager SRC due to
the already existing age limitation and the lack of habitat fea-
tures of mature forests (cf. Christian 1997).

Conclusions and recommendations

Small-scale, structurally diverse and extensively managed
SRC can offer attractive habitat for large and medium-sized
mammals in intensively used agricultural landscapes with a
limited forest proportion, particularly for herbivorous farm-
land and forest-ecotone species. In contrast to afforestations,
SRC are regularly hindered in their development by harvest-
ing in short cycles, which clearly limits their potential as a
woody habitat. Measures to enhance habitat function and
quality for mammals should therefore primarily focus on
farmland and forest-ecotone species (cf. Christian 1997).
The following measures, which have already been recom-
mended by several authors (e.g. Göransson 1994; Christian
et al. 1997; Hanowski et al. 1997; Sage 1998; Moser et al.
2002; Weih et al. 2003; Sage et al. 2006) for other species
groups, may also improve habitat quality of SRC for large and
medium-sized mammals:

& Fencing should be avoided or be restricted to the first
years after establishment by mobile fencing. Tolerating
minor biomass losses due to browsing could be compen-
sated by additional income generated by hunting as a re-
sult of a more game-oriented management (cf. Sage and
Robertson 1994; Bergström and Guillet 2002).

& SRC should be established in several smaller units divided
by rides to create attractive and intensively frequented
edge zones and corridors for wildlife crossing. Gaps can
be incorporated into the plantation-design or could be tol-
erated in the case of clone-failures.

& Various woody species should be cultivated to increase
the structural diversity of SRC and also food supply for
herbivores.

& Harvesting should be carried out in sections in order to
create a mixture of different age classes and growth stages.
This ensures permanent availability of cover and trees for

browsing, and simultaneously allows the weed layer to
regenerate after harvesting.

& Measures to promote a species-rich herbaceous flora (see
e.g. Gustafsson 1987) should be implemented to improve
food availability for herbivores. A diverse weed layer also
offers attractive conditions for small mammals and other
prey of carnivorous mammal species.

Consideration of these site-level measures in the design
and management of SRC enables the integration of biodiver-
sity aspects into the crop management. Implementing such
measures certainly leads to more effort for farmers or yield
reduction. Measures to improve the habitat quality of SRC
could, therefore, be offered as agri-environmental schemes
(cf. Sage et al. 2006).
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