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Abstract
This thesis aims to understand the current status of deer in the Lincolnshire
Limewoods. The Lincolnshire Limewoods are a nationally significant complex
of ancient woodlands which boasts the largest concentration of small leaved
lime (Tilia cordata) in the UK. Current work in the Limewoods involves
regeneration, coppicing and the creation of corridors to join fragmented
woods. Deer are the UK's largest herbivores and their populations are on the
rise. They are widely regarded as a threat to biodiversity and a hinderance to
conservation efforts. Yet, they are an important part of Britain’s ecological
history and relatively little is known about them in lime woodland; a woodland
that was once dominant throughout all of lowland Britain.
We calculated the population densities of different deer species
across a range of woodlands that form part of this complex. We analysed
how seasonal change and ecological factors in the woodlands affect deer
spatial distribution, and along with the synthesis of other studies, we
attempted to explain their relative densities and factors associated with. We
analysed the diet of the deer in these woodlands by micro-histological
techniques and aimed to understand the broad composition of their diets. We
then looked for seasonal and density dependant factors that might influence
the targeted plant groups.
Roe deer and Reeves’ muntjac were found at varying densities across
different woodland sites, including some that were perceived as high. We
found seasonal change of importance to different ecological features within
the woodlands affecting their spatial distribution. We suggest this is largely
due to food resourcing, cover for protection or both. Bramble is shown to be
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a major constituent of roe deer and Reeves’ muntjac diet, even more so at
higher densities. We concluded by summarising our findings of deer and
suggest ways forward with management strategies for the future
conservation of the Lincolnshire Limewoods.

5

Thesis Outline
This thesis is set out across 4 chapters. The first chapter provides a broad
introduction to the subject area and sets out the rational for the study. Chapters
2 and 3 provide in-depth accounts of methods and results of the studies
undertaken. These chapters are written in the style of manuscripts for scientific
journals. Chapter 4, a general discussion, will attempt to consolidate the
findings of Chapters 2 and 3.
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Chapter 1: Introduction
1.1 Herbivore structuring of woodlands
Large herbivorous mammals form a vital part of woodland ecology (Prins &
Van Der Jeud, 1993). Historically, herbivory has helped to control dominant
plant species within woodands, leading to structually more complex habitats
with greater plant diversity (Reismoser & Putman, 2011). As a result of this,
herbivores can indirectly impact below-ground processes, changing the
availability of nutrients in the soil (Bardgett & Wardle, 2003), and create
suitable habitats for small mammals and woodland birds. In the present day,
low levels of herbivory means greater diversity of plant vegetation and species
composition (Reismoser & Putman, 2011). Ultimately, this means that large
herbivores contribute to creating more dynamic patchwork ecosystems, aiding
the conservation of a higher level of biodiversity (Mitchell & Kirby, 1990).
In addition to the above mentioned effects of their behaviour, herbivores
can also act as vectors for seed dispersal. For example, Myers et al (2004)
found that white-tailed deer (Odocoileus virginianus), are responsible for the
dispersal of the seeds of hundreds of plant species over long distances
throughout eastern North America. This dispersal is particularly important in
fragmented and isolated conservation areas. Overall, this increases the longterm survival of plants and aids ecological restoration (Couvreur et al., 2009).
Managed populations of herbivores are used as a natural conservation tool
across Europe (Van Wieren, 1995). Herbivory by large herbivores in a
woodland creates a selection pressure; this selection pressure stops over
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dominance of plant species and creates a diversity of woodland habitats, to
the benefit of both flora and fauna (Bugalho, et al., 2011; Kirby, et al., 2012).
An area with a low density of herbivores is unlikely to experience any
negative effects from herbivory (Olff & Ritchie, 1998). Conversely,
overpopulation of herbivores is likely to damage the flora and fauna (Cote et
al., 2004; Nogales et al., 2006; Takatsuki, 2009). Understory herbs, shrubs
and seedlings will decline, and woodland regeneration will suffer (Cote et al.,
2004; Eichhorn et al., 2017; Velamazan et al., 2017). Rare woodland plant
species

are

particularly

vulnerable

to

generalist

herbivores,

with

overpopulation resulting in simplified, grass dominated, ground level
vegetation (Kirby, 2001).

1.2 Deer: keystone herbivores
The largest herbivores currently living wild in the UK are deer. Deer are
classed as a ‘modifier’ keystone herbivore (Mills, et al., 1993). Their removal
from an area can result in loss of plant species and energy flow within the
ecosystem (Mills, et al., 1993; Lawton, 1994). Equally, their overabundance
is likely to have similar effects (Cote, et al., 2004). The impact that deer have
on woodlands is not new research and has been studied before in both
deciduous (Kirby, 2001; Hemami, et al., 2007) and coniferous woodlands
(Latham, et al., 1996; Hemami, et al., 2006), with evidence found for
negative impacts caused by high densities of herbivores on a range of flora
and fauna. In Britain, while reported localised damage to an area is of small
economic damage, the ecological impact in the local area could be severe
(Putman & Moore, 2002). Only two out of six of Britain’s wild deer species
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are considered to be native. Introduced, non-native species have a much
greater potential to alter the plant composition and spatial distribution of
forests than any native deer species (Dolman & Waber, 2009).
One particular study has demonstrated the impact of deer grazing on
the ground flora of broadleaved woodland (Kirby, 2001). The results of this
study indicated that in areas of high density, deer reduced the cover of bramble
(Rubus fruticosus) and other herbs found on the forest floor. Furthermore,
growth of understory trees, shrubs, and herbs is greatly reduced by deer
herbivory, leading to a more homogeneous ground level plant biodiversity (Gill
& Beardall, 2001). As a result, it can indirectly affect woodland invertebrate,
bird and mammal populations (Flowerdew & Ellwood, 2001; Stewart, 2001;
Cote et al., 2004; Gill & Fuller, 2007). Deer grazing inadvertently maintains
woodland rides, creating favourable woodland habitats for small mammals,
and at the correct densities their herbivory is also conducive towards creating
the open-spaced habitats favoured by butterflies (Feber, et al., 2001). That
being said, overpopulation of deer remains likely to have an adverse effect on
many of these species when it causes a loss of cover and food supply.
Coppiced woodlands appear particularly vulnerable to damage by
woodland deer species, with regrowth being stunted or even stopped
altogether by the browsing of deer. This is supported by a study undertaken in
Monks Wood, Cambridgeshire, which showed that Reeves’ muntjac
(Muntiacus reevesi) have decreased the success of coppice and changed the
ground flora composition (Cooke & Farrell, 2001). Research in the south of
England has also shown levels of damage sustained to coppice was greater
when located close to areas of cover (Kay, 1993), and similarly another study
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found that coppice damage was reduced when situated adjacent to woodland
rides (Cooke & Lakhani, 1996).
As well as herbivory, damage can be caused by deer from fraying and
clearing of areas around the base of trees in acts of territory marking. Other
clear indicators, such as scent marking and velvet removal, have been linked
to their relative abundance in an area (Akashi & Terzawa, 2005). Deer may
remove the velvet from their developing antlers by rubbing against the branch
of a tree, while territorial adult deer mark territories and convey sexual signals
using their orbital scent glands. However, the actual impact of this damage is
questionable; one study focusing on timber production showed little to no
effect on the health and growth rate of sitka spruce (Picea sitchensis) trees
(Welch & Scott, 1998).
Threshold values of deer populations have been calculated and at
densities below the set value, their impact on woodlands, for example natural
regeneration and coppice growth, is negligible. However, populations rising
above this threshold have a negative effect on the habitats. In a review by
Putman et al. (2011), the ideal threshold values of between 4-5 deer per 100ha
are suggested for herding species inhabiting forestry and natural regeneration
areas; and 25 deer per 100ha for solitary species such as roe deer (Capreolus
capreolus) and Reeves’ muntjac (Muntiacus reevesi) in areas of coppice and
natural regeneration. However, the review stresses that deer density alone is
not a suitable indicator of damage, and it is vital for management strategies to
take into account other considerations such as habitat type, size and locality.
Crucially, what must be examined closely are the actual impacts seen in each
specific area.
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1.3 Deer in Lincolnshire
Of the six species of deer wild in the UK only two are considered native. Red
deer (Cervus elaphus) and roe deer (Capreolus capreolus) are both native to
the UK and, according to the National Biodiversity Network (Fig. 3), appear to
have a relatively uniform distribution throughout the country. Reeves’ muntjac,
sika deer (Cervus nippon), Chinese water deer (Hydropotes inermis), and
fallow deer (Dama dama), are all introduced species that have become
established wild populations. Reeves’ muntjac have been sighted throughout
most of England and appear to be spreading into Scotland. Sika deer, Chinese
water deer, and fallow deer have a patchy distribution across the UK (Figure
3).
The Atlas of the terrestrial and semi-aquatic mammals of Lincolnshire
(Manning, 2016) provides current deer distribution data for Lincolnshire (Fig.
4). Reeves’ muntjac and roe deer appear to have the largest distribution
across the county, whilst sika deer have not been sighted. Reeves’ muntjac
have been reported in Lincolnshire since the 1970s and their distribution stems
from deliberate releases from the south. From the 1930s onward, deliberate
releases of Reeves’ muntjac are recorded in Warwickshire, Northamptonshire,
Kent, Oxford and Norfolk (Chapman & Harris, 1996). Chinese water deer, red
deer, and fallow deer distributions all appear to be sparse. Red deer and fallow
deer show patchy distribution across the county, likely due to escapes from
private collections and farming. The low numbers of Chinese water deer in the
south of Lincolnshire is likely to be due to natural spread of population from
adjacent populations in Cambridgeshire, Norfolk and Suffolk.
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The national significance of the Lincolnshire Limewoods has led to
concern from local conservation charities, in particular the Lincolnshire Wildlife
Trust, as to the impact that deer are having, and this study has been instigated
as a specific response to the issue. Anecdotal evidence suggests both the
presence of high deer numbers and damage, but so far there has been no
quantitative assessment of numbers. Management of populations is done on
an ad hoc basis, rather than using robust evidence.

1.4 UK Woodland
As of March 2018, the United Kingdom was covered by 3.17 million
hectares of woodland, roughly 13% of the UK land area (Forestry Commission,
2018). Variation in woodlands is found both between and within habitats
across the UK (Rodwell, 1991) in terms of age of woodlands, species
composition locality and soil type. The National Vegetation Classification
classifies woodland categories and forms the basis of most woodland
management and conservation (Rodwell, 1991). Due to the process of
succession and the removal of almost all top predators from the UK, careful
management is paramount in maintaining a biodiverse, species rich woodland
(Ripple et al., 2010).
Much of the composition of modern day British woodland is a result of
plantations in the mid to late 1900s (Hopkins & Kirby, 2007). These largely
coniferous woodland plantations are drastically different to the ancient
broadleaf woodland that once dominated Britain. In the late 1900s, the
conservation significance of ancient broadleaf woodland was recognised
(Peterken,

1977),

and

woodland

management

programmes

were

12

implemented accordingly. Plantations on Ancient Woodland Sites (PAWS)
were established, and with the removal of coniferous trees many sites were
restored to ecosystems similar to the ancient woodlands that originally grew
there.

1.5 Ancient woodland and the Lincolnshire Limewoods
Only 2% of British woodland today is considered ‘ancient woodland’. For a
woodland to be classed as ancient, it must have been in existence since
1600AD in England and Wales, and 1750AD in Scotland. The makeup of
ancient woodland differs dramatically to that of younger woods and even
plantations on sites of felled ancient woodland. Ancient woodlands have a
greater number of ground plant species than newer woodlands (Hermy &
Verheyen, 2007), which often have low colonisation ability, limiting their
abundance in newer woodlands. Ancient woodlands require significant
management, particularly coppicing, to maintain species abundance and
richness in the canopy and ground level flora (Barkham, 1992).
Historically the major lowland woodland type in Britain was lime (Tilia
spp.) woodland (Bennet, 2010). The Lincolnshire Limewoods (Fig.1) are a
nationally important area made up of a complex of ancient semi-natural
woodlands which boasts the largest concentration of native small leaved lime
(Tilia cordata) in the UK (Lincolnshire Biodiversity Partnership, 2011). As such,
the area is considered nationally important as a biodiversity hotspot and is
recognised by being largely classed as Sites of Special Scientific Interest
(SSSI). The Bardney Limewoods Nature Reserve covers nine of the
woodlands within the area, although other woods in this area still form part of
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the limewood complex. This patchwork of woods is largely fragmented and
isolated from each other, with the woods themselves varying in size from
around 30 to 340 hectares.

1.6 Research Aims
This project addresses two closely related research areas. The first study
investigates the population of deer and the factors affecting their distribution
in the selected locations (chapter 2), while the second looks at the seasonal
change in diet that occurred for deer in a lime woodland (chapter 3).
The aims of the project are (1) to estimate the population sizes of deer
in the Limewoods area. Quantifying the size of actual populations is needed
in order to compare these values with threshold values as already suggested
in published literature. (2) To understand and quantify factors that affect
distribution and habitat selection. Identifying the areas that are preferentially
grazed will help to tailor habitat management efforts and, as such, allow better
utilisation of resources for conserving it. (3) Link populations to spatial
variation/surrounding habitat in order to understand and test the importance of
habitat preference locality to distance from natural features such as water and
unnatural features such as roads and fields. (4) Understand the seasonal
changes of diet of deer in a lime woodland.
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1.8 Figures

Figure 1. Map showing the location of the complex of woodlands that form the
Lincolnshire Limewoods.

Figure 2. Map showing the areas of Sites of Special Scientific Interest (SSSI)
within the Limewoods complex as designated by Natural England

Figure 3. Maps from the National Biodiversity Network to show the distribution
of the six species of deer wild in the UK. (a) roe deer (Capreolus capreolus),
(b) Reeves’ muntjac (Muntiacus reevesi), (c) red deer (Cervus elaphus), (d)
fallow deer (Dama dama), (e) sika deer (Cervus nippon), (f) Chinese water
deer (Hydropotes inermis)

Figure 4. Local distribution of deer in Lincolnshire, as found by the Greater
Lincolnshire Nature Partnership
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Chapter 2
Ecological factors affecting spatial distribution
and densities of European roe deer and Reeves’
muntjac deer in the Lincolnshire Limewoods.
2.1 Abstract
Deer populations in the UK are currently increasing. At high densities,
populations of deer can have dramatic impacts on the biodiversity of the
habitats,

specifically

through

herbivory

and

territory

marking.

Understanding habitat preference and factors associated with spatial
distribution of deer populations is key to their management. Until now,
no studies have evaluated the population and habitat preference of deer
in nationally important lime woodlands. This study calculates deer
population densities in a complex of ancient woodlands, known as the
Lincolnshire Limewoods, using Faecal Accumulation Rate. We also
tested seasonal and ecological factors affecting deer distribution. When
compared to other studies, the density of both Reeves’ muntjac and roe
deer appear high in some of the woodland sites. We found that
ecological features such as the availability of cover and the distance
from areas of clear fell within woodlands impacted deer distribution. This
study is the first to assess the ecological features of importance for deer
habitat preference within a nationally significant lime woodland.
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2.2 Introduction
Wild deer are critical parts to temperate woodland ecosystems. They influence
the development of new woodland by acting as a natural selection pressure
(Putman, 1996), and they impact on ecology of other species within the
ecosystem, affecting spatial distribution and plant community composition
(Munoz, et al., 2009). Indeed, much of the diverse flora we see in woodlands
today is as a result of a long history of deer herbivory (Reimoser & Putman,
2011).
Increasing deer populations have been noted in much of Europe (Gill,
1990), America (Rooney, 2001) and the UK (Fuller & Gill, 2001). Trends in
increasing deer populations are likely due to similar factors including climate
change, increased agricultural winter crops, tighter restrictions on hunting and
growing consensus to increase woodland area (Cederlund, et al., 1998). In the
UK specifically, native species of roe deer (Capreolus capreolus) and red deer
(Cervus elaphus) and naturalized fallow deer (Dama dama) benefit from milder
winters, increasing offspring survival (Albon, et al., 1983; Forchhammer, et al.,
1998) and increased woodland area providing more habitat (Ward, 2005).
Non-native, introduced species, Japanese sika deer (Cervus nippon), Reeves’
muntjac (Muntiacus reevesi) and Chinese water deer (Hydropotes inermis) all
benefited from escapes and releases from captive collections effectively
restocking the wild population (Chapman, et al., 1994; Ward, 2005). Reeves’
muntjac specifically have had persistant deliberate introductions into the UK
(Chapman, et al., 1994) and with year round breading, the control of the
species requires more attention (Yalden, 1999). Sika deer population remains
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largely confined to Scotland (NBN, 2017) but their spread has been facilited
by the increase in newly matured conifer plantations (Yalden, 1999).
There are now many studies showing negative correlations between
high densities of deer and woodland plant and animal biodiversity (Chapman,
et al., 1994; Fuller & Gill, 2001; Perrins & Overall, 2001; Cote, et al., 2004;).
For example, in regenerating forest areas, high densities of deer can alter the
succession and growth of trees by feeding on saplings and shoots (Kelty &
Nyland, 1981; Putman & Moore, 1998). Newly coppiced and unprotected
stools can be killed by persistent browsing by deer species, with rare flora
being particularly vulnerable (Gill, 2000). Furthermore, high deer densities
have been shown to indirectly affect animals such as insects (Rooney &
Waller, 2003) and birds (Gill & Fuller, 2007). Leaf litter dwelling insects seem
unaffected by herbivory of deer, effectively avoiding deer browsing by
remaining in the litter, or even benefitting as detritovores with deer producing
significant quantities of dung (Stewart, 2001). Vegetation-dwelling insects
suffer direct consequences of deer herbivory, and the removal of plant
biomass (Allombert, et al., 2005). Woodland birds suffer from a reduced food
availability and a decrease in quality of nesting sites (Allombert, et al., 2004).
In a traditionally managed coppice woodland, a study found that with some
management to increase understory vegetation, populations of understory
nesting birds such as garden warblers (Sylvia borin) and chiffchaffs
(Phylloscopus collybita) could remain stable even at high densities of deer
(Fuller, 2001).
Whilst threshold values have been suggested for deer populations,
above which deer are reported to having negative impacts on woodland
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biodiversity, it is important to remember that threshold values are both habitatand season-specific (Putman, et al., 2011a, 2011b). In areas of natural
regeneration and coppice threshold values are estimated at 25 deer km2 for
both Reeves’ muntjac and roe deer. For many studies, densities appear to
exceed these threshold values (Table 1).
As well as deer densities, it is important to understand how deer use
woodland habitats. Most research has been conducted on the impact of both
roe deer and Reeves’ muntjac and their habitat preference within a coniferous
forest ecosystem (Staines & Welch, 1984; Hemami, et al., 2004, 2005). Roe
deer and Reeves’ muntjac are sympatric species; their territory ranges and
habitats commonly overlapping (Chapman, et al., 1993). Reeves’ Muntjac
show a greater habitat selectivity when compared with roe deer (Hemami, et
al., 2004), avoiding open grassland areas and associating with bramble
(Rubus fruticosus spp.) cover. In contrast, Chapman, et al., (1994) suggested
that Reeves’ muntjac show little selectivity with habitat choice and highlighted
that selectivity is likely to be woodland specific, influenced by factors such as
local management strategies, rather than global trends in habitat selection.
Availability of cover, as well as access to woodland edge seems to be of
importance for roe deer, this being largely down to food resourcing and antipredator behaviour (Tufto, et al., 1996).
Since most research has focussed on coniferous type habitats, none
has so far examined lime (Tilia spp.) woodland. Historically, lime woodland
was the major lowland forest type in Britain (Bennett, 1988). The limes (Tilia
spp.) and more specifically small leaved lime (Tilia cordata) are considered
indicator species for ancient woodland (Rose, 1999). Typically, ancient
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woodland shows more complexity in their ecosystems and due to the
interaction between natural processes and human activities and management,
they contain plant and animal species that do not occur in later woodlands and
plantations (Rackham, 2008). The Lincolnshire Limewoods are a nationally
significant complex of ancient semi natural woodland (Lincolnshire Biodiversity
Partnership, 2011). The area is considered a biodiversity hotspot and is home
to the largest remaining concentration of small leaved lime (Tilia cordata) in
the UK. Whilst this cluster of woodlands is very fragmented and isolated by
agriculture, ongoing management work is being conducted to regenerate and
increase woodland connectivity. It is likely that fragmented woodlands are
more vulnerable to overpopulation of herbivores (Hobbs, 2002), with the direct
effects of herbivory more concentrated. This project aims to evaluate
population density of roe deer and Reeves’ muntjac using pellet group counts
and understand the importance of ecological woodland features in spatial
distribution of deer in a complex of ancient woodlands in Lincolnshire.
Specifically, we sought to (a) estimate densities for deer in woodlands, (b)
understand the ecological factors associated with their densities and (c)
suggest management strategies in the event of high densities.

2.3 Methods
Study sites
Six woodlands were selected as study sites within the Lincolnshire Limewoods
complex near Bardney. The woodlands, Chambers Farm Wood, Hardy Gang
Wood, Wickenby Wood, Sotby Wood, Stainfield Wood and Southrey Wood
(Figure 1), were selected due to being varied in size, isolation from other
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woodlands and containing different ecological habitats. Fieldwork took place
from January through to September 2018 and the surveys categorised into
seasons (winter: January to February; spring: March to May; summer: June to
August; autumn: September).

Faecal Accumulation Rate surveys
In each of the six woodland sites, 40m2 quadrats were established,
wherever there was a change in woodland habitat (Figure 2). The number of
quadrats per woodland varied due to the different sizes and the number of
different habitats within each woodland. A minimum of 4 and maximum of 10
quadrats per woodland was set, to ensure representative example of the
woodland. The classification of these habitats was established in spring based
on the National Vegetation Classification (NVC). One (1m2) plant survey was
carried out, representative of areas within each of the 40m2 quadrats and used
to establish percentage cover of ground level flora. In addition, shrub layer
plants, tree species and size were recorded at breast height within the 40m2
quadrat. Woodland habitats were classified using the British Plant
Communities Volume 1 Woodlands and scrub (Rodwell, 1998).
In each of the 40m2 quadrats, two 10m2 plots were established using
peg markers at the corners to conduct Faecal Accumulation Rate (FAR)
surveys. All pellet groups were removed from the plots and then left for 7 days.
After this time, the number of new pellet groups in each of the plots was
counted and species identified. Pellet groups were only counted if they
contained 6 or more pellets. At the end of each survey, the 10m2 plots were
removed and the subsequent surveys were placed in a different area within
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the quadrat. Species of deer could be identified based on the size of pellets;
pellets 8-12mm x 6-9mm were classed as Reeves’ muntjac (Chapman, 2004),
pellets 13-18mm x <14mm were classed as roe. This method was repeated 4
times throughout the year, one per season. The method is based on an
adaptation of the methods used by Smart, et al., (2003) in their study of
comparitive faecal sampling methods.

Faecal Accumulation Rate calculations
Populations of deer were established using the following formula adapted from
Smart, et al., (2003).

d=

n
a
t r

d is the population of deer per km2, n is the number of pellet groups in plot, t
is the accumulation period in days (7), r is the rate of defecation (23 for roe
(Mitchell, et al., 1985) and 8 for Reeves’ muntjac (Chapman, 2004)) and a is
the conversion factor, to convert size of clearance plot to km2(in this case
10,000).

Ecological variables
Using GIS, a number of key ecological features were used as predictor
variables for statistical analysis. These features included: (1) distance to
nearest road (m), (2) distance to closest field (m), (3) nearest area of cover
(m) (areas of thick understory), (4) nearest permanent water source(m), (5)
nearest area of clear fell (m), (6) nearest neighbouring wood (m), (7) age of
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the woodland, (8) perimeter and area of woodland (measure calculated by
area/perimeter) and (9) season. Measurements were taken from the centre of
each quadrat to the nearest edge of each feature. Nearest road and field,
perimeter, area and neighbouring wood were all based on the Ordnance
Survey map, as supplied with Quo V2 (Mapyx, https://www.mapyx.com), and
area and distances were calculated using programme tools. The other
ecological features were calculated using observations made during surveys
and recording of coordinates at the edge of the features, these were then
plotted onto Quo V2. Age of the woodlands was based on data supplied by
the Forestry Commission (categories: pre-1960, 1961-1970, 1971-1980,
1981-1990, 1991-2000, 2001-2010). These ecological features where chosen
based on the findings of other similar studies, using their findings as a basis
for developing further understanding of habitat selection (Henry, 1981;
Chapman, et al., 1994; Hemami, et al., 2005). As well as including man-made
influences such as roads and fields.

Statistical analysis
Using a one-way ANOVA, we tested the difference in deer densities at each
habitat type based on woodland categories; we then conducted post hoc
Tukey tests on any significant results to find which woodland categories
differed significantly from each other. Woodland category was not included
into the subsequent modelling due to one category (W16, Table 2), having
only 1 representative in the quadrats in these woods.
We tested the importance of the ecological features on habitat selection
using the multimodal inferencing using the information-theoretic approach,
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Akaike’s Information Criterion (AIC) (Symonds & Moussalli, 2011). We
constructed a global model to test the variables we believed could influence
deer densities. We included into the model, linear interactions between deer
densities and age of woodland and season, nearest area of clear fell and
season, nearest field and season and cover and season. Models were then
ordered by relative importance calculated by the sum of Akaike weight (wi) in
which that variable appears. Parameters which appear in a large proportion of
the top models will tend towards 1. To ensure goodness of fit we used
DAIC<10. All analyses were carried out in R version 3.5.1 (R Core Team,
2018) using packages arm (German & Su., 2018), MuMIn (Barton, 2018),
lmerTest (Kuznetsova, et al., 2017) and effects (Fox & Weisberg, 2019).

2.4 Results
In total, across all woodland sites, 62 faecal accumulation rate surveys were
conducted four times during the year. This comprised of winter, spring,
summer and autumn surveys. In winter we counted 24 roe deer faecal pellet
groups, and 4 Reeves’ muntjac. In spring, 12 roe deer and 14 Reeves’
muntjac, in summer, 11 roe deer and 10 Reeves’ muntjac and in Autumn 12
roe deer and 8 Reeves’ Muntjac.

Roe deer densities
Faecal Accumulation Rate calculations for roe deer varied dramatically
between woodlands (Table 3). Southrey Wood showed the greatest density of
deer per square kilometre, whereas in Hardy Gang Wood, Wickenby Wood
and Stainfield Wood no pellets were found. We found differences in deer
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densities across woodland categories (F(4,

267)=3.764,

p=0.005). Post hoc

showed significant difference between categories (Table 2) W10 and W11
(p=0.02) with more deer pellets found in category W10. In general, roe deer
were found closer to cover, especially in winter (Table 4, Fig 3). Age of the
woodland seemed to be an important factor for roe deer, with substantially
greater densities found in older stands of woodland (Table 4; Fig 4). Roe deer
densities showed a positive relationship with nearest field (Table 4: Fig 5). No
other variables significantly affected roe deer density, including no relationship
with season and clear felling (Table 4).

Reeves’ muntjac densities
Reeves’ muntjac had the highest density in Chambers Farm Wood and
Southrey Wood. Their population in Stanfield and Sotby Wood appeared much
less than that in Chambers Farm Wood and Southrey Wood, yet lowest of all
in Wickenby Wood and Hardy Gang Wood, where no pellets were ever
recorded within the quadrats. We found no significant difference in habitat
usages by Reeves’ muntjac (F(4,

267)=1.16,

p=0.33). Reeves’ muntjac were

found in higher densities in older (70+) stands of woodland, especially during
the spring (Table 5). Levels of usage of other ages of woodland categories
remained constant and did not vary seasonally (Table 5). Larger numbers of
Reeves’ muntjac were found closer to area of clear fell, irrespective of season
(Table 5). No other variables significantly affected Reeves’ muntjac density,
including no relationship with season and cover (Table 5).
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2.5 Discussion
We suggest that the use of fencing and rides is likely to reduce damage in a
localised area, deer will likely just move to a different area. Nonetheless,
fencing could prove effective for particularly vulnerable areas, and should be
used alongside continued annual culling. Roe deer densities in our findings
(Table 3) and from comparative studies (Table 1) seem to vary considerably
between woodlands. Latham, et al., (1996), (Table 1) based in Scotland, found
that in a complex of fragmented woodland, even between close neighbouring
woodlands there seems to be large variations in the density of roe deer. Our
results for Reeves’ muntjac densities seem much the same; they too vary in
density quite dramatically between neighbouring woodlands.

Distribution of roe deer and Reeves’ muntjac
Previous studies have indicated that Reeves’ muntjac and roe deer have
generalist habitat associations, but roe deer show fewer habitat preferences
than Reeves’ muntjac (Hemami, et al., 2004). In this study, roe deer showed
clear associations with areas of dense cover. This has been found in other
studies (Henry, 1981; Tufto, et al., 1996). Roe deer show seasonal changes
in territory size which suggest that the changing seasonal importance of cover
could be related to food resources, protection from predators or both (Tufto, et
al., 1996; Hemami, et al., 2004). Areas of high vegetation providing cover, also
provide food (Tufto, et al., 1996). In this study, a greater number of pellets
were found in areas of cover in winter, suggesting a habitat selection based
on food avaliablilty and less exposure to the open. Increased numbers of roe
deer found futher from nearest field could be co-linear with increased numbers
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of roe closer to cover, with the preference of more cover and there being less
exposure in the centre of a wood.
Reeves’ muntjac show higher densities closer to areas of clear fell. In
areas of clear fell, bramble ground cover could be greater than under the
woodland canopy (Morecroft, et al., 2001). Bramble is considered as a key
food scource for Reeves’ muntjac (Chapman & Harris, 1996; Hemami, et al.,
2004;) and therefore could be a key factor in this relationship. In areas of
coppice, newly sprouting coppice stools provide tender vegetation at an
accessible level and greater variety of plant species. These younger stands of
woodland are more vulnerable to deer herbivory (Gill, 2000). Reeves’ Muntjac
are unlikely to use these open spaced areas however, unless within ~25
meters of cover (Chapman & Harris, 1996). The use of mature stands offers
larger shrubs and bushes such as bramble, for cover and food (Hemami, et
al., 2005). Two studies found that both roe and Reeves’ muntjac densities are
high in mature stands of woodland (Hemami, et al., 2004; 2005). The current
study found a higher density of deer in areas of the woodland that were aged
70+ than any other.

Woodland management
The woodlands that make up the study site are under careful management by
the Forestry Commission. Current work includes coppicing, regenerating
natural semi ancient woodland and increasing connectivity (Lincolnshire
Biodiversity Partnership, 2011). Some of the relative densities of roe deer
found in this study exceed that of the suggested threshold values for damage
to occur (Putman et al., 2011). In Southrey Wood, we found roe deer in excess
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of 40 deer km2 and in both Southrey and Chambers Farm Wood, the
population of Reeves’ muntjac also exceed the threshold values again at 40+
deer km2. Deer at this level in these woodlands are likely to reduce the
biomass of understory vegetation and in areas of coppice it will create a more
open vertical strucutre (Gill & Beardall, 2001).
Evidence in this study suggests the avoidance of open areas,
particularly for roe deer and the importance of cover. There is research to
suggest that large woodland rides create an exposure within the woodland,
and that using rides to boarder an area of coppice reduces damage to that
coppice, forcing roe deer to come out into the open (Cooke, 1996). Rides alone
are not likely to deter deer completely; the author of this paper shows rides
are most effective when used in conjunction with electric fencing. Exclusion
fencing is a common practice for deer damage management (Porter, 1983;
Cooke & Lakhani, 1996; VerCauteren, et al., 2009). Its implementation is
commonly used to supplement a number of management strategies such as
culling. Cost effectiveness and upkeep means fenced areas are usually small.
We found few of our predictor variables to be significant, suggesting that roe
deer and Reeves’ muntjac show little selectivity in the limewoods.

Conclusion
This is the first study to look at populations and habitat association of deer in
a nationally important limewood. Individually we found populations of roe and
Reeves’ muntjac to be varying, but when combined, as is the case in the
woodlands, the density of deer in some of the woods seems particularly high.
Cover during the winter seems to be of particular importance for roe deer,
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whether for food resourcing, protection from predators or both. Reeves’
muntjac were positively associated with proximity to clear fell areas and
mature stands of woodland. Like other studies there is overlap of habitat
association between roe and Reeves’ muntjac, and the high densities that
have been found is likely to lead to inter-specific competition for recourses
between deer species. There is need for more deer habitat association
research in ancient woodlands, in different locations, in order to gain more
understanding. In order to advise conservation efforts in ancient woodlands,
we must further understand the role deer play in Britain ancient woodland.
Future work should be concentrated on establishing the most effective means
of population control and to minimise the impact they have on biodiversity in
an ancient woodland setting.
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2.7 Figures and Tables
Figure 1. The 6 woodlands that made up the study sites. (a) Chambers Farm
Wood (b) Southrey Wood, (c) Sotby Wood, (d) Stainfield Wood, (e) Wickenby
Wood and (f) Hardy Gang Wood.

2

Figure 2. The 6 woodland sites showing 40m survey plots distribution. (a)
Hardy gang (35ha), (b) Chambers Farm Wood (342ha), (c) Southrey Wood
(101ha), (d) Sotby Wood (115ha), (e) Wickenby Wood (46ha) and (f) Stainfield
Wood (122ha)

Figure 3. The relationship between average roe deer density (km2) and
distance from cover (m). mean values ± standard error

Figure 4. The relationship between roe deer density (km2) and woodland age.

Figure 5. The relationship between roe deer density (km2) and distance to
nearest field (m)

Figure 6. The relationship between Reeves’ muntjac density (km2) and the
distance from areas of clear fell (m)
.
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Figure 6.
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range of population density calculation techniques

Table 1. Comparative densities of roe deer and Reeves muntjac from other studies across Europe using a
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Table 2. Classifications of woodland communities encountered in the limewoods and included into the analysis
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woodlands under study. Only Reeves muntjac and roe deer pellets were found within any of the six woodlands

Table 3. Results from FAR calculations, showing each of the relative densities of deer species in the

Table 4. The coefficients and standard errors, significance and relative
importance of predictor variables after modelling using Akaike’s Information
Criterion based on the number of pellet groups per quadrat for roe deer.
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Table 5. The coefficients and standard errors, significance and relative
importance of predictor variables after modelling using Akaike’s Information
Criterion based on the number of pellet groups per quadrat for Reeves’ muntjac.
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Chapter 3
Seasonal changes to the diet of Reeves’ muntjac
and European roe deer in the Lincolnshire
Limewoods
3.1 Abstract
Roe deer and Reeves’ muntjac are sympatric species found commonly
throughout England. They are both considered generalist herbivores
and are usually described as having similar diets. We analysed the diets
of roe deer and Reeves’ muntjac in a nationally significant limewood in
Lincolnshire. We used microscopic faecal pellet analysis to determine
the seasonal changes in importance of plant species that comprise the
deer’s diet. The results showed for both species the largest proportion
of their diet is formed of bramble (Rubus fruticosus agg.) (~75%)
followed by monocotyledons (~20%) and dicotyledons (~5%). We found
little variation and no seasonal change in the diets of the two. At higher
densities of Reeves’ muntjac, a larger proportion of the diet is formed of
bramble. We suggested that at densities found in the limewoods from an
earlier study, deer are likely to have negative impacts on the ground
cover of bramble.

3.2 Introduction
Roe deer (Capreolus capreolus) and Reeves’s muntjac (Muntiacus reevesi)
are both found commonly throughout much of England. These species are
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largely often sympatric and are normally associated with mixed British
woodland (Chapman & Harris, 1996). Roe deer are native to the UK whilst
Reeves’ muntjac are considered an invasive, non-native species (Ward, 2005;
Lever, 2009). The geographical range of both species is reported as
expanding in the UK (Ward, 2005), raising concerns with conservation
charities, woodland management and even the general public (Gill, 2000). An
overabundance of herbivores is widely regarded as having severe negative
impacts on the biodiversity of the habitats they inhabit (Cote, et al., 2004).
Understanding the drivers of their rise in population is key to their control. To
that end, understanding their food habits through dietary investigations is
therefore understanding one of these key drivers.
Both Reeves’ muntjac and roe deer are considered generalist
herbivores (Chapman & Harris, 1996; Tixier & Duncan, 1997), consuming a
wide variety of flora. The composition of roe deer diet is shown to be
dependent on seasonal availability of plants (Jackson, 1980). Tixier & Duncan
(1997) found that roe deer would consume 80-94% of the plant species found
on the woodland edge of their study site. Reeves’ Muntjac have been reported
to target leaves, buds, climbing plants and trees (Chapman & Harris, 1996).
What is clear is the importance of bramble (Rubus fruticosus agg.) in the yearround diet of both Reeves’ muntjac and roe deer (Jackson & Chapman, 1977;
Chapman & Harris, 1996; Hemami, et al., 2004).
The crossover that occurs in the diet of these two sympatric species
potentially increases inter-specific competition (Hemami, et al., 2004). Yet, any
spatial separation of Reeves’ muntjac and roe deer within a woodland is not
likely to be due to resource availability (Chapman, et al., 2009). High densities
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of deer within woodland will result in a greater level of herbivory, causing a
reduction in targeted species and an increase in unpalatable species, thus
reducing plant species richness (Cote, et al., 2004).
The Lincolnshire Limewoods are a nationally important complex of semi
ancient woodlands in Lincolnshire (Lincolnshire Biodiversity Partnership,
2011). These woodlands are largely comprised of broadleaf trees and are
considered nationally important strong hold for the small leaved lime (Tilia
cordata). Ancient woodland is typically managed by means of coppicing, and
coppiced woodlands contain a wide variety of plant species within the different
stages of the successional process (Peterken, 2008; Rackham, 2008).
Understanding which groups of plants are targeted such as monocotyledons,
dicotyledons and woody shrubs, will enable management work to tailor efforts
to target these groups of plants. If we find a link between high density and an
increase in consumption of a specific group of plant this would indicate that (a)
that group of plants is particularly vulnerable to increasing deer densities and
(b) at what densities deer rely upon certain types of plants. This is the first
study that we know of that looks at deer diet within nationally significant ancient
lime woodlands in the UK.

3.3 Methods
Pellet collection
We collected faecal pellet samples for roe deer and Reeves’ muntjac from four
woodlands that are part of the Lincolnshire Limewoods complex. From
January through to September 2018 pellet samples were collected from
Chambers Farm, Stainfield, Sotby and Southrey. The species and locations of
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collection were recorded. Species of deer could be identified based on the size
of pellets; pellets 8-12mm x 6-9mm were classed as Reeves’ muntjac pellets
13-18mm x <14mm were classed as roe (Chapman, 2004). The collected
pellets were grouped in to seasons (winter: January to February; spring: March
to May; summer: June to August; autumn: September), and after collection
were stored frozen at -18°C until later analysis.
Reference plant material was collected from the woodlands. In total, 26
plant samples were collected from the same woodlands, including trees,
herbs, shrubs, ferns and mosses. The plant samples were stored frozen until
later use.

Lab Processing
We ascertained the diet of roe deer and Reeves’ muntjac by identifying
remnant epidermis tissue in the faecal pellets under a compound light
microscope. The method for slide preparation was as follows. Three pellets
from each sample were dried for 24 hours at 70°C in an oven. Each dried
sample was then weighed in grams using an analytical balance with a
readability of 0.1mg. Dried samples were crushed in a pestle and mortar and
then passed through an 80µm sieve. Powdered samples were then transferred
to a petri dish and bleached for 24 hours in household bleach (5.25% NaClO
solution). A small amount of each sample was then pipetted onto microscope
slides and covered with a glass coverslip ready for microscopy.
Reference slides from collected plant material were created in much
the same way. Leaf samples were dried for 24 hours at 70°C, crushed and
passed through an 80µm sieve. Powdered samples were bleached for 24
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hours in household bleach (NaClO). Bleached samples were then pipetted
onto microscope slides, covered with a glass cover slip and the edges were
sealed with clear nail varnish to prevent drying out.
For microscopic analysis, samples were viewed at 100x magnification.
For each sample, three slides were prepared, and for each slide, we calculated
the percentage cover of bramble, monocots, dicots and unknown fragments in
3 locations. To calculate percentage cover, we used cover slips with 10x10
reference grids of 0.1mm squares. Plant fragments were identified in each of
the squares and the number of squares they covered were classed as
percentage cover. This totals 9 percentage cover calculations for each
individual sample. In total we analysed 89 pellet samples comprised of 51
Reeves’ muntjac samples and 39 roe deer samples.

Statistical Analysis
Using GIS, we calculated predictor variables to be included into the
statistical analysis. We calculated the area and perimeter of each of the
woodlands that the pellet samples were collected from. Other predictor
variables included: season (based on sample collection date), deer densities
(chapter 2) and combined percentage cover of all diet components. We tested
the importance of the predictor variables and their impact on dependant
variables (monocots, dicots, bramble and unknown) for roe deer and Reeves’
muntjac, using Akaike’s Information Criterion (AIC) (Symonds & Moussalli,
2011). We constructed a global model to test the variables we believed could
influence deer diet. Models were then ordered by relative importance
calculated by the sum of Akaike weight (wi) in which that variable appears.
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Variables which appear in a large proportion of the top models will tend
towards 1. To ensure goodness of fit we used DAIC<10. All analyses were
carried out in R version 3.5.1 (R Core Team, 2018) using packages arm
(German & Yu-Sung Su., 2018), MuMIn (Barton, 2018), lmerTest
(Kuznetsova., et al 2017) and effects (Fox & Weisberg, 2019).

3.4 Results
In total, we analysed 38 roe deer and 51 Reeves’ Muntjac pellet groups. For
each pellet group sample, we created 3 microscope slides, and on each slide
plant epidermis percentage cover was calculated 3 times.

Roe deer
On average, 79±0.7% of the roe deer diet was bramble, 17±0.2% monocots,
3±0.1% dicots and 1±0.04% unknown, based on the percentage cover of
plant epidermis in deer faecal pellets, after processing. We found no
seasonal variation in percentage cover of plant epidermis of the dependant
variable for roe deer. For roe deer the percentage cover of bramble, monocot
and dicot epidermis increased as the total percentage cover increases (Table
1, Figures 1a-c).

Reeves’ muntjac
On average, 77±0.6% of the Reeves’ muntjac diet was bramble, 22±0.4%
monocots, 1±0.04% dicots and 1±0.03% unknown, based on the percentage
cover of plant epidermis of the dependant variable for roe deer. We found no
seasonal variation in percentage cover of plant epidermis of the dependant
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variable for Reeves’ muntjac. For Reeves’ muntjac the percentage cover of
bramble, monocot and dicot epidermis increased as the total percentage
cover increases (Table 2, Figures 2a-c). At higher Reeves’ muntjac densities
the proportion of diet that is bramble increases (Table 2, Figure 3).

3.5 Discussion
We found evidence that sympatric roe deer and Reeves’ muntjac share similar
diets (Hemami, et al., 2004, 2005; Chapman, et al., 2009). Being
predominately browsers, their generalist diet means they target the highest
quality food at all times of the year. Namely, these are tender leaves of
broadleaf trees, woody shrubs and herbaceous flowers. Other foods such as
berries, acorns, and chestnuts are seasonally important (Chapman & Harris,
1996). Of course, their diet is largely defined by what is available at their
location (Moser, et al., 2006; Minder, 2012), but other factors such as deer
density and season (Bobek, 1977) can have diet implications.
When deer are at high densities, there will be fewer available food
resources (Maizeret, et al., 1989; Moser, et al., 2006), restricting their diet. Our
study found significantly greater percentage cover of bramble in faecal pellets
at higher densities of deer. This could suggest that there is a large availability
of bramble and or a low availability of alternative food. To that end, we might
expect that in woodlands where the density of deer is lower, in this case for
roe deer Chambers Farm Wood and Sotby Wood and for Reeves’ muntjac
Stainfield Wood and Sotby Wood, the diet would be more varied due to a
greater variety of readily available food. But at lower densities of Reeves’
muntjac and roe deer, bramble still remained the highest proportion of the diet.
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A large review of roe deer diets found considerable seasonal change
in the composition of ingested plants (Cornelis, et al., 1995). We found no
seasonal change in the diet of roe deer or Reeves’ muntjac. This could be
because categories we used were broad, but within these categories there
could be seasonal variation. Bramble was the only species level identification
that was possible due to its easily identifiable epidermis and trichomes
(Johnson, et al., 1983). We could not identify with certainty other species from
epidermis fragments. It is likely that the monocots category includes grasses
and sedges (Jackson & Chapman, 1977). Despite grasses being fibrous and
relatively unpalatable (Latham, et al., 2006), similar studies show that grasses
are important in times when other more palatable plants are unavailable
(Storms, et al., 2008); this could include both seasonally (De Jong, et al.,
1995), when herbaceous plants are not present, and at high deer densities
when plant species richness is reduced. It is evident that in the limewoods
bramble forms a significant proportion of the diet. The year-round importance
of bramble in deer diet is not an uncommon finding (De Jong, et al., 1995;
Cornelis, et al., 1999; Hemami, et al., 2004, 2005). The woodlands with higher
densities of deer (Chambers Farm Wood and Southrey Wood) could well be
experiencing reduced ground cover of bramble (Maizeret, et al., 1989), yet, we
suggest that in these woodlands, bramble is not currently a limiting resource,
due to the large proportion found in the diets, but soon could be. There is
evidence to suggest that the availability of bramble acts as a buffer to herbivory
of saplings and other plant species when readily available (Harmer, et al.,
2010), however bramble itself could reduce the covering of other plant
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species, due to competition for light and high densities of deer could trample
ground flora (Van Uytvanck & Maurice, 2009).
With the methods used for this study, we only felt confident in identifying
plant epidermis into the broad categories that we have. Bramble is easily
identifiable due to trichomes on the leaf surface, and whilst we could have tried
to categorise other plants into further groups, we did not feel entirely confident
with doing this, and felt it could have led to inaccurate conclusions. If repeated,
and should the resources be available, rumen content analysis could offer
more detailed, accurate results.

Conclusions
Unlike some studies, we found no seasonal change in the diet of roe deer or
Reeves’ muntjac. Bramble was an important browse for both species’ yearround and formed the largest part of their diet. We found that with increasing
populations of Reeves’ muntjac, they consumed increasing amounts of
bramble. After bramble, monocots formed around 20% of both of the species
diet and we suggest this is likely to be comprised of different plant species with
changing seasons dependant on availability. We predict that continued
browsing of bramble at the high densities, as found in chapter 2 is likely to
have negative impacts on the percentage cover of bramble in the woodlands.
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3.7 Figures and Tables
Figure 1. The relationship between the percentage cover of, (a) bramble, (b)
dicots and (c) monocots and the overall percentage cover of roe deer faecal
pellets.

Figure 2. The relationship between the percentage cover of, (a) Bramble, (b)
dicots and (c) monocots and the overall percentage cover of Reeves’
muntjac deer faecal pellets.

Figure 3. Averaged percentage cover of bramble in Reeves’ muntjac pellets
(±SE) for each of the densities found in the four woodland sites.
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Figure 1.
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Figure 2.

72

Figure 3.

73

Table 1. The coefficients and standard errors, significance and relative importance of
predictor variables after modelling using Akaike’s Information Criterion based
percentage cover of bramble, monocots, dicots and unknown in roe deer faecal pellets.
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Table 2. The coefficients and standard errors, significance and relative importance of
predictor variables after modelling using Akaike’s Information Criterion based
percentage cover of bramble, monocots, dicots and unknown in Reeves’ muntjac faecal
pellets.
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Chapter 4: General Discussion
In this study we identified varying densities of roe deer and Reeves’ muntjac
across our woodland sites. Chambers Farm wood showed high densities of
Reeves’ muntjac at 46 deer/km2, but lower densities of roe deer at 12
deer/km2. Southrey Wood showed high densities of both Reeves’ muntjac and
roe deer (44 and 48 deer/km2 respectively). The density of both deer species
in Sotby Wood was lower at 12 and 19 deer/km2. Only Reeves’ muntjac were
found in Stainfield Wood at a density of 13 deer/km2, and no deer pellets were
found in either Wickenby Wood or Hardy Gang Wood for either species. This
variation in densities across woodlands is not surprising and is found
commonly in other studies (Chapter 2: Table 1).
Some of the densities found in this study exceed the threshold values
as suggested by Putman, et al., (2011). They suggest that for roe deer and
Reeves’ muntjac, threshold values of deer in a regenerating coppice
woodland, should be no more than 25 deer/km2. Below this density the impact
that woodland deer are having on biodiversity is negligible, and above which,
deterioration will occur. Our density values for Reeves’ muntjac exceed these
threshold values in Chambers Farm and Southrey. For roe deer we only found
their density to exceed in Southrey wood. It is suggested that at these
densities, the herbivory of these deer is likely havening adverse effects on the
biodiversity of the woodland.
We found roe deer selected areas close to cover, especially so in
winter. This is in line with findings of other research (Henry, 1981; Tufto, et al.,
1996). We suggest cover becomes more important during the winter, when
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there is less protection from summer foliage, and the cold weather causes
greater thermal stress; therefore dense patches are more important to the
deer’s survival. This relationship may also be due to food resourcing, denser
patches of cover inherently provide a greater amount of browse. Reeves’
muntjac were found in higher densities closer to areas of clear fell and this
does not change seasonally. It is likely that this relationship is also due to food
resourcing.
The diet for roe deer and Reeves’ muntjac in these woodlands remains
constant throughout the seasons. We found that for Reeves’ muntjac the
composition of the diet was 77% bramble, 22% monocots and 1% dicots. For
roe deer, 79% monocots, 17% monocots and 1% dicots. Proportion of bramble
in Reeves’ muntjac diet increased with increasing Reeves’ muntjac
occupancy.
It is possible that due to the broad categories used in the microscopic
analysis of this study that it was not obvious that there were seasonal changes
to the diets of roe deer and Reeves’ muntjac. It is likely that within these
groups, for example monocots, there would be seasonal variation. Grasses
could become more important in winter when less palatable plants are
unavailable, and through spring and summer it is likely there will be more
herbaceous monocots (amaryllidaceae).
The appraisal of information gathered in all sections of this research
project, both our result and other literature, highlight some important findings.
Ancient woodlands, specifically Lime woodlands, in the UK are often
fragmented and isolated, but current work is largely tailored to address this
issue. What is largely considered as a hinderance to this is an increasing
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expansion of woodland deer species. The importance of bramble to woodland
deer species is evident. The lack of variation in diet, that we found, could
reflect a lack of availability of other plant species. Whilst we did not include a
measure of biodiversity into our study, we did find an association between
increasing Reeves’ muntjac density and amount of bramble in diet; suggesting
that deer select a browse which is readily available and plentiful. In spring and
summer, the young tender shoots of bramble will be more widespread on the
woodland floor and are likely targeted. In winter, when older woodier bramble
is still available, deer will browse on this. A winter reduction in bramble is likely
reflected in our result by the roe deer association with dense cover during the
winter.
As part of this research, during fieldwork, we continually looked to note
physical evidence of deer damage, such as browse lines, clearings and branch
snapping, as reported in other literature, but we noted very little. To that end,
we sent out a survey to the local wardens and rangers to ask them for
information and their opinion on the current status of deer in Lincolnshire, and
for them to describe, if any, damage that they see caused by deer as part of
their work. Sadly, we had very little response to this survey and so this
information could not be obtained.
We were given cull data for the lime woodlands from the forestry
commission however, this lacked some specific information and did not date
back far so was not fit for statistical analysis. It did however indicate that
regular culling is currently taking place. This research offers an opportunity for
that culling to be more informed and specifically targeted to species and
woodlands with higher densities.

78

This is the first time, that we know of, that a study of deer ecology has
been conducted in a nationally significant lime woodlands. Future research
should largely be targeted at repeating similar investigations in other examples
of ancient lime woodlands. Through this, we would hope to gain an
understanding the impact that deer are having on what is now an extremely
fragmented and isolated, ancient woodland type in the UK. Specifically, work
should include biodiversity studies over a longer time period. Indeed, the
conservation officers of the Lincolnshire limewoods would benefit from a
current biodiversity measurement and repeated in subsequent years. This
would provide an insight to the negative impacts, if any, deer are having on
these woodlands, where the physical signs of damage are not that obvious.
For future diet research we would consider using rumen content analysis, for
greater plant species identification. This could be done as a by-product of
culling, since samples would be taken from dead animals.

4.1 Conclusions
It is clear these two species are generalist feeders, and our study shows clear
overlap in their diets and spatial distributions. The implications of this are not
clear, but it is likely that this will increase the inter-specific competition for
resources especially so in woodlands where their relative densities, as
calculated in chapter 2, appear high.
Our evidence suggests that higher densities of Reeves’ muntjac and
roe deer can be sustained in these woodlands, indicating an abundant
availability of food, notably bramble. We noted high densities in Chambers
Farm, Southrey and Sotby woods. Due to the overlap of these two species
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diets, and the shared habitat it seems reasonable to suggest that they will be
having adverse effects on the biodiversity of woodlands plant species,
particularly bramble cover, and even indirectly invertebrates, birds and
mammals. In each of these woodlands, current management work includes
coppicing, and these are likely to be particularly suffering from high deer
densities. We suggest woodland management programmes for the
Lincolnshire Limewoods continue to cull deer in these woods. The use of
exclusion fences would likely reduce the impacts of herbivory in coppiced
areas, and even more effective when used in conjunction with woodland rides.
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