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1. Summary

In the UK, woodland grant schemes have facilitated planting in the Scottish uplands over the past
20 - 30 years, but there is little information about the biodiversity responses to this. In this project
we aimed to quantify the diversity and activity of medium to large mammals using new native
woodlands. Across the two years of study, a total of 132 locations were surveyed in four woodland
areas within the Loch Lomond and Trossachs National Park, and Glen Devon, for a total of 4680
camera nights, resulting in 1040 observations of identified mammal species.

The most commonly detected mammal was roe deer (Capreolus capreolus), observed at over
60% of all camera trap locations. Red deer (Cervus elaphus), were less commonly observed at
just over a third of all locations, and red fox (Vulpes vulpes) at just under 20% of locations.
European badger (Meles meles) were observed at eight locations, and European pine marten
(Martes martes) at five, with single sightings of red squirrel (Sciurus vulgaris), and stoat (Mustela
erminea).

Both roe and red deer were more likely to be observed in woodlands over 10 years old, and whilst
roe deer were regularly detected in all habitats surveyed, they were more likely to be observed
in woodland interiors than along woodland edges or moorland. We found no differences in red
deer activity between habitats. In this study, fox activity did not appear to vary with woodland
age, nor did combined carnivore activity, vary with habitat or distance to the nearest tree. This
suggests a lack of strong edge-effects (i.e. higher activity/abundance at forest edges), however
low encounter rates and low sample size in 2019 mean that further surveying is required before
this can be confirmed. This study forms part of a wider research programme examining the
responses of birds, mammals (including bats) and ground invertebrates to woodland planting in
the uplands, and is expected to be completed in 2022.

2. Introduction

In the last few decades, efforts have been underway to reverse historic deforestation in parts of
Europe, North America and Australia through woodland creation restoration schemes (e.g.
(Forest Europe 2015). In 2012 the Scottish Government committed to creating 10,000 hectares
of woodland per year. This has been increased to 15,000 hectares per year by 2024 in the new
draft Climate Change Plan for Scotland (Scottish Parliament 2017; Forestry Commission
Scotland 2018). Substantial tree planting on open upland moorland is therefore predicted over
the coming decades, including native woodland creation. Whilst woodland grant schemes have
facilitated planting in the Scottish uplands over the past 20 — 30 years, there is still relatively little
information about the responses of different species to this. Woodland creation is predicted to
benefit woodland birds and other woodland taxa, many of which are of conservation importance,
but negatively impact moorland species, which are themselves of conservation importance.
Negative impacts could occur through habitat replacement and potential edge effects on
remaining open ground, including avoidance of trees and potential predation effects. However,



much of our understanding of such woodland edge effects comes from work on non-native forests
(Wilson et al. 2014, Burton et al. 2018); there is little ecological understanding of whether native
woodlands will cause similar effects. This information is critical to inform woodland policy in the
coming years.

Mammals, particularly predatory species which are typically found at low densities, can be very
hard to survey. Many mammals are largely nocturnal and can be easily disturbed, making it
difficult to establish population numbers and distributions. Advances in camera trapping
technology now mean that there is a reliable, minimally invasive, visual means of surveying
multiple wildlife species at once, over long periods of time, substantially reducing survey effort in
comparison to other methods. They can be employed in a wide range of habitats including the
wooded and open habitats included in this project (e.g. Cusack et al. 2015).

3. Aims and Objectives

The original objectives of this project were to quantify the diversity and activity of mammalian
predators using new native woodlands. We have now expanded these objectives to encompass
any medium to large mammal suitable for detection by camera traps, and in particular
mammalian herbivores. We wanted to identify how often mammals frequent newly planted areas,
how this changes as woodlands mature, and patterns of movement of different species in the
surrounding open habitats (e.g. whether they are predominately observed at woodland edge vs.
interior habitats). Specifically our objectives were to:

1. Assess how patterns of woodland use by mammals changes as woodlands mature;

2. Identify how patterns of woodland use by mammals is influenced by woodland characteristics
(e.g. extent of edge habitats, shape) or the surrounding landscape (e.g. proximity to mature
woodland, water);

3. Quantify how far out mammalian predators travel into open moorland habitats from woodland
edges, and how often. This is important to identify potential predation impacts on open moorland
bird species, due to the presence of new planting.

4. Methods
4.1. Field sites

Surveying for the project took place in 2018 (12" June — 10" November) and 2019 (6" May —
19" June) across the Trossachs and Loch Lomond National Park (Inversnaid, Loch Katrine and
Glen Finglas, managed by Royal Society for the Protection of Birds, Forest and Land Scotland
(formerly Forest Commission Scotland) and Woodland Trust respectively) and Glen Devon
(managed by the Woodland Trust) to the north-east of Stirling (Figure 1). Woodland areas were
chosen to provide a range of ages, from 4 — 21 years old, as well as areas of mature oak and
birch woodland (120+ years). Neighbouring land uses range from coniferous plantations and
sheep grazing to recreational and leisure activities.
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Figure 1. Locations of woodland areas surveyed for large mammals: Loch Katrine (56.263077, -4.510546),
Inversnaid RSPB Reserve (56.267336, -4.5616049), Glen Finglas (56.257734, -4.379378) and Glen
Devon (56.222016, -3.631403).

4.2. Surveying design

Browning trail cameras (model BTC-8A) with infrared flash, were used for mammal observations
across all sites. In 2018, sampling locations were all within woodlands (objective 1). For logistical
reasons two or three cameras were deployed in relatively close proximity (minimum 100 m apart),
with a total of 35 cameras deployed across the four woodland areas for an average of 33 days
(range: 4 — 68 days; 92% of cameras were deployed for over 20 days but for a few traps, batteries
were exhausted quickly due to excess triggers and the camera had to be moved to a more
suitable location). In 2019, camera traps were deployed in transects of five (in one case four)
cameras from the woodland interior to the woodland edge, and out into surrounding moorland
areas (objectives 2 and 3). The minimum distance between camera traps within a transect was
200 m and between transects was 500 m.

Locations for camera traps (in 2019, transect starting points) were chosen randomly in advance
using ArcMap 10.3.1, and assessed for suitability in the field, making minor adjustments.
Cameras were equipped with 8 x AA Alkaline batteries and a 16 GB memory card. These were
checked every 2-3 weeks, batteries replaced where necessary and images downloaded.

Camera traps within woodland were mounted on trees where possible, or stakes in the absence
of suitable trees. All camera traps in the moorland were mounted on stakes, driven into the
ground with a sledgehammer. Camera traps were positioned approximately 100 centimetres from
the ground, and those along the transect (in 2019) faced the direction of open moorland. As such,
the cameras were most likely to detect larger mammals, which in the area of study are roe deer
(Capreolus capreolus), red deer (Cervus elaphus), red fox (Vulpes vulpes), European badger
(Meles meles), and European pine marten(Martes martes). The positioning of the camera traps
is less suitable for smaller terrestrial mammals such as red squirrel (Sciurus vulgaris), the smaller
mustelids, mice and voles.



Cameras were active 24 hours a day and were programmed to take a set of three successive
still images when triggered by heat and movement, with a five minute delay between possible
trigger events. Figure 2 shows a range of locations traps were deployed in by students
undertaking undergraduate and Master’s dissertations in 2018 and 2019.

Field work 2018 & 2019

Figure 2. Students at the University of Stirling deploying camera traps (and in one case, a bat detector -
bottom right, see discussion) with woodlands as part of the mammal surveying project.

4.3. Statistical analysis

Preliminary analyses are presented in this report; the full analysis will be completed as part of a
PhD thesis on the biodiversity consequences of woodland creation in upland landscapes being
conducted at the University of Stirling.

In this study, the measure of activity used for analytical purposes is the number of observations
of a particular species where a period of at least five minutes has passed between two
consecutive sets of images (similar to other studies, e.g. Negroes et al. 2010, Driessen and
Jarman 2014). If more than one individual was seen at the same picture, each animal was
considered as a separate observation. Because of low numbers of observations for many
species, analyses here focus on roe deer, red deer, fox and combined carnivore species.

To assess how patterns of woodland use by mammals changes as woodlands mature (objective
1), a General Linear Model (GLM) for each species was employed, using a negative binomial
distribution to account for over-dispersion. In these models, species activity per location (using
data collected in 2018) was used as the response variable, with the number of days (24 h periods)
as an offset to account for variation in sampling effort. Woodland age was included as a three-



level categorical variable (young: up to 10 years, n = 26; medium 10-21 years, n = 42; old 120+
years, n = 30); this approach was used, rather than age as a continuous variable because of the
large gap in woodland ages available to survey between 21 and 120 years old. The eastings of
each camera trap location was used as a covariate to account for spatial autocorrelation
(exploratory analyses showed that eastings and northings were very highly correlated, and since
the spread of eastings was greater, this was the spatial measure used).

Data collected in 2019 was used to assess patterns of deer and carnivore activity in woodland
interior, woodland edge and moorland (objective 2). In 2019, red fox were only detected in 6 / 34
locations, so activity data were pooled across carnivore species (fox, badger, pine marten, stoat).
Similarly to above, GLMs for each species were employed using a negative binomial distribution
with habitat type as a three-level categorical variable, and eastings as a covariate. For carnivores,
an additional model using the distance measure from the camera trap location to the nearest tree
(over 3 m in height) was used to how far out mammalian predators travel into open moorland
habitats from woodland edges (objective 3).

5. Preliminary Results
5.1. Summary results

Across the two years of study, a total of 132 locations were surveyed in the four woodland areas
(98 in 2018, 34 in 2019), for a total of 4680 camera nights, resulting in 1040 observations of
known mammal species (Table 1, Figure 3).

The most commonly observed mammal was roe deer, which were observed at over 60% of all
camera trap locations. Red deer, were less commonly observed at just over a third of all locations,
and red fox at just under 20% of locations. European badger, European pine marten, red squirrel,
and stoat were more rarely observed (< 10% locations).

Table 1. Mammal observations across the 132 sampling locations in 2018 and 2019

Species Number of Number of % of
observations locations locations
detected at detected at
Red deer 288 47 35.6
Roe deer 683 81 61.4
Fox 36 24 18.2
Badger 25 8 6.0
Pine Marten 6 5 3.8
Stoat 1 1 0.7
Red squirrel 1 1 0.7
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Figure 3. Example images of mammals observed throughout the project; A) roe deer hind with fawn, B)
red deer stag, C) pine marten (circled), D) red squirrel (circled), E) red fox, E) badger.



There was considerable variation in relative mammal activity between the four woodland areas
surveyed in this study. Whilst roe deer activity was higher in most areas, in Inversnaid relatively
more red deer were observed (Figure 4). The highest number of mammal species were observed
at Loch Katrine although the number of observations was low. Across the areas, badger
observations were highest at Inversnaid, and fox at Glen Devon (Figure 5).

301
=
% 20 Deer
4] . Red deer
E . Roe deer
- L
. _

Glen Devon Glen lfinglas Inversnaid Loch Katrine
Survey areas

Figure 4. Deer activity in the four woodland areas surveyed. For the purposes of presentation, activity is
the number of observations at each location per 100 camera trap days.
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Figure 5. Mammal activity (excluding deer) in the four woodland areas surveyed. For the purposes of
presentation, activity is the number of observations at each location per 100 camera trap days.

5.2. Effects of woodland age on mammal activity

Badgers were observed in woodlands of all ages (3/26 young, 1/42 medium and 3/30 old
woodlands), whereas pine marten (0/26 young, 1/42 medium, 2/30 old woodlands) and red
squirrel (1/30 old woodland only) were only observed in woodlands over 10 years old.



Very few roe or red deer were observed in young woodlands, with both species significantly more
likely to be observed in woodlands of 10 years old or more (Table 2, Figures 6 & 7). On average,
cameras located in woodlands aged 10-21 years recorded just over 2 more deer observations
than young woodlands, and there was no difference in observations between medium and older
woodlands. Fox activity did not vary between woodlands of different ages (Table 2, Figure 8).

Table 2. Statistical results for GLMs examining the effect of woodland age on activity levels of roe deer,
red deer and red fox. Results for young (up to 10 years) and old woodlands (120+ years) are in comparison
to medium aged woodlands (10-21 years). Variables significant at a 0.05 are highlighted in bold.

Species Variable Estimate Std. Error  Z value P value
Roe deer Intercept -10.070 2.521 -4.246 < 0.0001
Woodland age: young -2.101 0.583 -3.605 < 0.0001
Woodland age: old 0.293 0.428 0.683 0.495
East 0.00003 0.000009 3.547 0.0004
Red deer Intercept -1.584 3.587 -0.442 0.659
Woodland age: young -2.389 0.755 -3.165 0.0016
Woodland age: old 0.208 0.593 0.351 0.726
East -0.000004 0.00001 -0.303 0.762
Fox Intercept -9.653 3.459 -2.791 0.0053
Woodland age: young -0.702 0.790 -0.889 0.374
Woodland age: old -0.444 0.696 -0.638 0.524
East 0.00002 0.00001 1.568 0.117
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Figure 6. Roe deer activity in woodland of different age categories (young: up to 10 years, n = 26; medium
10-21 years, n = 42; old 120+ years, n = 30). For the purposes of presentation, activity is the number of
observations at each location per 100 camera trap days.
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Figure 7. Red deer activity in woodland of different age categories (young: up to 10 years, n = 26; medium
10-21 years, n = 42; old 120+ years, n = 30). For the purposes of presentation, activity is the number of
observations at each location per 100 camera trap days.
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Figure 8. Fox activity in woodland of different age categories (young: up to 10 years, n = 26; medium 10-
21 years, n = 42; old 120+ years, n = 30). For the purposes of presentation, activity is the number of
observations at each location per 100 camera trap days.



5.3. Effects of habitat and distance to trees on deer activity

Roe deer were more commonly observed in woodland interior than at the edges of woodland,
with an average of 1.5 more observations per camera trap location (Table 3, Figure 9). There
was no significant difference between woodland edge and moorland. There was no difference in
the levels of activity between habitats for red deer (Table 3, Figure 10).

Table 3. Statistical results for GLMs examining the effect of habitat on activity levels of roe and red deer.
Results for moorland and woodland (interior) are in comparison to woodland edge habitats. Variables
significant at a 0.05 are highlighted in bold.

Species Variable Estimate Std. Error Z value P value

Roe deer Intercept -5.784 2.293 -2.523 0.012*
Habitat: moorland -0.131 0.502 -0.261 0.794
Habitat: woodland 1.497 0.524 2.856 0.004
East 0.00003 0.000009 3.093 0.002*

Red deer Intercept 24.245 8.584 2.824 0.005*
Habitat: moorland -0.731 0.980 -0.746 0.456
Habitat: woodland -0.039 1.076 -0.036 0.971
East 0.00009 0.00003 -2.670 0.008*
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Figure 9. Roe deer activity observed by cameras located in moorland, and woodland (edge and interior).
For the purposes of presentation, activity is the number of observations at each location per 100 camera
trap days.
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Figure 10. Red deer activity observed by cameras located in moorland, and woodland (edge and interior).
For the purposes of presentation, activity is the number of observations at each location per 100 camera
trap days.

5.4. Effects of habitat and distance to trees on carnivore activity

Badgers (one site), pine marten (two sites) and stoat (one site) were only observed within
woodland locations during the 2019 camera trapping study. Foxes were observed by cameras
located in moorland sites (n= 4), woodland (n=1) and woodland edge (n=1).

Combining observations across all carnivores, two separate models were constructed, one
containing distance to the nearest tree (over 3 m in height), one containing habitat types. It was
not possible to combine both predictor variables into one model, since there was necessarily a
strong association between them. Whilst the highest levels of carnivore activity occurred in
locations within or close to woodland, there was no effect of either distance to trees or habitat on
carnivore activity (Table 4, Figures 11 & 12).

Table 4. Statistical results for two separate GLMs examining the effect of distance from trees (model 1),
and habitat (model 2) on carnivore activity. Results for moorland and woodland (interior) are in comparison
to woodland edge habitats.

Model Variable Estimate  Std. Error Z value P value

#1 Intercept 2.696 5.086 0.530 0.596
Distance to nearest tree 0.002 0.005 0.480 0.631
Easting 0.00001 0.00002 -0.738 0.460
AlIC 60.203

#2 Intercept 1.235 4.390 0.281 0.778
Habitat: moorland 0.576 1.141 0.505 0.614
Habitat: woodland 1.664 1.101 1.511 0.131
Easting -0.00001 0.00002 -0.742 0.458

AIC 58.585
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Figure 11. Combined carnivore activity per camera trap location as a function of distance to the nearest
tree (> 3 m in height). For the purposes of presentation, activity is the number of observations at each
location per 100 camera trap days.
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Figure 12. Combined carnivore activity observed per camera trap located in moorland, and woodland (edge
and interior). For the purposes of presentation, activity is the number of observations at each location per
100 camera trap days.

6. Preliminary Conclusions

This study demonstrates that a range of medium and large mammals are using secondary
woodlands planted within the last 20 years in the uplands of central Scotland. As expected,
observations during the camera trapping study confirmed the presence of red deer, roe deer,
foxes, badgers and pine martens across upland woodlands planted within Loch Lomond and
Trossachs National Park, and Glen Devon.

The most recent population estimates suggest there are between 360,000-400,000 red deer and
200,000-350,000 roe deer in Scotland (Edwards and Kenyon 2013). In this study, however, 70%
of the deer observed (which were identified to species) were roe deer, which reflects the stronger
association with woodland by roe deer, and where the cameras were placed.



There are around 23,000 adult red foxes in Scotland (Harris et al. 1995, Webbon et al. 2004),
and they comprised 3.5% of observations. There was a similar number of observations of
Badgers (accounting for 2.4% of observations), but these were seen at a much smaller number
of sites (8 in comparison to 24 for foxes). According to the Scottish Badger Distribution Survey
(Rainey et al. 2009), there are between 7300 and 11200 badger setts in Scotland, which indicates
a healthy but moderate population. The pine marten population is currently under recovery from
a historical decline due to persecution and woodland clearance. They are known to be found in
the Loch Lomond and Trossachs National Park (Croose et al. 2013), but no previous sightings
at these locations have been recorded in the National Biodiversity Network Atlas. These data will
be passed on to woodland managers and local recorders. In addition to the taxa the camera trap
placement was designed to detect, there were single observations of red squirrel and stoat.

Both roe and red deer were more likely to be observed in woodlands over 10 years old, and whilst
roe deer were regularly detected in all habitats surveyed, they were more likely to be observed
in woodland interiors than along woodland edges or moorland. Roe deer are strongly associated
with broadleaf woodland (Hansson 2002), and findings from this study mirrors that of previous
work in Norway (Hewison et al. 2007) where the density of roe deer in interior woodland was four
to nine times higher than in fragmented woodland (with higher amounts of edge habitat). Whilst
also a woodland species, the red deer has adapted to open-hill habitats (Hansson 2002; Crawley
et al. 2020), and here we found no differences in activity between habitats.

The most commonly encountered predator observed in this study, the red fox is a highly
adaptable habitat generalist (Crawley et al. 2020), whose home ranges have been shown to vary
in response to landscape productivity (typically increasing in size with elevation, and decreasing
in productive agricultural landscapes; Walton et al. 2017). In this study, fox activity did not appear
to vary with woodland age, nor did combined carnivore activity, vary with habitat or distance to
the nearest tree. This suggests a lack of strong edge-effects which have been detected for
mammalian meso-predators in coniferous and mixed forests (Cé&rvinka et al. 2011). However, the
relatively low encounter rates, and low sample size in 2019 in the current study, mean we should
be cautious about drawing firm conclusions from this.

Camera traps reportedly capture 75 — 86 % of medium to large mammal species, however, 1,034
to 3,400 trap nights are necessary to achieve these rates (Zlatanova & Popova, 2018). In this
study, this level of sampling intensity was achieved for Glen Finglas (n=1751) and Loch Katrine
(n=1296), but not for Glen Devon (n=892) or Inversnaid (n=741), suggesting that further camera
trapping is required in these woodland areas to fully sample the existing mammal communities.
In this study, we have not attempted to estimate population densities or numbers of each species.
However, the measure of activity used here is arguably as relevant when assessing potential
impacts of deer browsing on trees, or predators on ground-nesting birds. Future analyses with
these data will explore the use of recent developments for camera trap data, which now provide
a means of estimating abundance from animals which are not individually identifiable (Sollman
2018). Additionally, information on local vegetation characteristics and surrounding landscape
features will be incorporated to identify important drivers of mammalian activity in these
woodlands. Parallel projects, conducted just prior to, or at the same time as, the camera trap
project, will provide information on the responses of birds, bats and ground invertebrates to
upland woodland creation.
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