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Summary
This review has been prompted by the need to institute a grazing scheme on Colony
Bog and Bagshot SSSI in Surrey to reduce the dominance of purple moor grass
Molinia caerulea, to retard the encroachment of birch and pine scrub and to return the
site to favourable condition. Due to its past and present use by MOD as a live firing
range, conventional grazing by domestic stock is not a realistic option.
The main vegetation communities on Colony Bog are dry and wet heath and mire,
together with small areas of acid and wet grassland, woodland and bracken.
Consideration of the biology and behaviour of native and introduced deer species in
the UK suggests that only red and sika deer may have the necessary characteristics to
thrive on this heathland site and to achieve the conservation objectives of a grazing
scheme.
Literature both from the UK and Europe is reviewed on diets and grazing behaviour
of both species together with their grazing effects on heathland vegetation
communities and species.
It is concluded that either species would be suitable, although sika deer could be
more effective in controlling Molinia, whilst red deer might have a greater impact on
encroaching scrub. The species chosen could therefore depend on practical
considerations, such as obtainability and welfare. Using the available literature,
approximate herd sizes of some 100-130 red deer or 200-250 sika deer are suggested
as approximate guidelines for initial stocking densities.
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Introduction
English Nature have commissioned this literature review of deer grazing on
heathlands to inform a proposal to introduce deer grazing onto Colony Bog and
Bagshot Heath SSSI in Surrey (henceforth referred to as Colony Bog). This site is
actively used for military training and due to the danger of unexploded ordnance is
closed to normal forms of grazing and shepherding using domestic stock. The site is
closed to the public and surrounded by a high chain link fence.
English Nature wish to understand the likely effects of deer grazing and browsing on
the lowland heathland and mire vegetation within the c1000 ha enclosure on this
SSSI. Currently, much of the site is in unfavourable condition, due to invasion by
trees and scrub, dominance of Molinia caerulea. Lack of grazing and the incidence of
wild fires have contributed the problem of Molinia dominance.
This review therefore addresses the following questions:
1. What are the effects of deer on vegetation communities of lowland heathland
and valley mires?
2. What is the effect of deer browsing on birch and pine invasion?
3. What is the likely effect of grazing on the spread of coarse grasses including
Molinia?
4. What is the likely effect of deer browsing and grazing on heathers and heaths
with particular reference to the structure of ling?
The heathland plant communities.

A brief description of the vegetation communities found on Colony Bog is given in
Appendix 1. This is based on the information available from the Phase 2 survey (EPR
2002) and favourable condition assessments. The main requirements from the
introduction of a grazing scheme will be:
• The control of regenerating pine and birch seedlings on the dry heath
• A reduction in the cover of Molinia on the humid heath, in the mires, and on
the wet grassland
In Appendix 2, a brief description is given of the characteristics of deer species in the
UK. The forage value of some typical heathland plants is also tabulated. From this, it
is concluded that the deer species to be chosen:
• Will be able to subsist on the heathland vegetation with minimal inputs of
additional forage e.g. hay
• Will be able to reach sufficient numbers and density to achieve the required
vegetation affects
• Will be effectively contained by the existing fences with minimal upgrading
• Can be effectively culled to a level consistent with animal welfare and
population maintenance
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An examination of the characteristics of the deer species in Appendix 2 suggests that
red and sika deer are best suited to a heathland grazing scheme, with fallow deer
offering a third, but less attractive alternative. Therefore, the remainder of this report
examines the first two species in greater depth and assesses their suitability for a
grazing scheme on Colony Bog. The literature review considers diet, effect on
vegetation communities and species, particularly Calluna, Molinia and tree browse,
together with recorded densities and experience of supplementary feeding. These
inter-related issues are then be summarised within the framework of questions 1-4
above.
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Red Deer
Red Deer Diet

Data on red deer diet comes from two papers on lowland heath and forest in the UK,
a number of papers from the European mainland, mostly from studies of woodland
populations, and further papers from Scotland, mostly from moorland and blanket
mire. In all cases, information has been selected which helps to answer the questions
posed at the beginning of this report.
A number of studies have drawn attention to the differences between diet results
based on rumen or faecal analysis, as each will have a bias towards different food
items. However in the largest review of different diet studies (for the roe deer) by
Cornelis et al (1999), the authors concluded that the influence of habitat (i.e. the
available food items) is more important than the research method used. Studies
based both on rumen and faecal analysis have been reviewed here. The main papers
on diet of red deer on lowland heathland are Hearney & Jennings (1983) and
Langbein (1997).
Hearney & Jennings (1983) reported on red deer diet in a forestry plantation at
Thetford Forest on the Brecks of Suffolk and Norfolk. Prior to planting, the area was
mostly open heathland, but this was planted with Scots and Corsican pine Pinus
sylvestris and P. nigra, with some Douglas fir Pseudosuga menziesii and Japanese larch
Larix leptolepis, as well as smaller quantities of beech Fagus sylvatica and oak Quercus
robur. A dense understorey had grown up of holly Ilex aquifolium, bramble Rubus ssp.,
with saplings of birch Betula ssp. and ash Fraxinus excelsior.
The ground vegetation included sheep’s fescue Festuca ovina, common bent Agrostis
capillaris and wavy hair-grass Deschampsia flexuosa, together with rushes Juncus ssp.
and a number of herbs. The diet was analysed using faecal analysis during July 1979July 1981, and the results expressed as percentage frequency in the diet.
Grasses were the most important constituent of the diet with sheep’s fescue being
eaten in every month and appearing in 30-55% of samples in all months, Oct-May.
Rushes were also eaten, but in smaller quantities, all the year round. The only other
grasses to appear with a frequency of greater than 15% were cocksfoot Dactylis
glomerata and common bent, with both being favoured between Dec-April. Although
eaten all the year, except in 2-3 months in the autumn, heather was found in very
small quantity, at most, in 3% of samples.
Conifer browse was also found at low frequencies (1-8%) and was not eaten during
the summer. Deciduous browse occurred at much higher frequencies with brambles
eaten all year and ivy Hedera helix in all months except May-Aug. Tree browse was
eaten during the summer months, beginning in April and dropping off rapidly in
Sept. The favoured trees were ash and oak, with smaller quantities of beech, birch
and hawthorn Crataegus monogyna. Surprisingly, willow Salix ssp. was eaten very
little, a finding also reported by Chevallier-Redor et al (2001)
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The study by Langbein (1997) was carried out around Exmoor and the Quantocks in
Devon and Somerset. The study area consisted of small fields, mostly divided by
beech hedges and broad leaved, wooded valleys on the lower ground to the open
heather and Molinia dominated moors on the higher ground. There are mixed
woodlands towards the coast and scattered copses in some of the farmed river
valleys. On the Quantocks, the heather moorland and deciduous woods on the
higher hills contrast with the intensively managed farmland and conifer woods
around the periphery.
Langbein’s samples were based on analysis of rumen contents of shot beasts, and for
hinds, were therefore confined to the winter, Nov-Feb. For stags there were also a
small number of samples in Mar-Apr and late Aug-Sept. His broad results are shown
in Table 1.
Table 1. Broad categories of diet with mean % volume (and range) from rumen samples around
Exmoor and the Quantocks (from Langbein 1997).

Location and sex
Exmoor
Stags
Hinds

% grasses

% herbs / soft shrubs

% heather & bilberry

68.6(64.4-72.8)
58.1(48.6-75.6)

22.0 (21.6-22.4)
25.1 (14.1-41.3)

2.6 (0-5.3)
10.5 (1.7-26.6)

Quantocks
Stags
Hinds

61.7 (60-63.5)
65.2 (63.9-66.6)

20.8 (16.6-25.1)
21.3 (13.6-29.1)

13.9 (6.1-21.7)
8.5 (0-17.0)

The figures suggest that grasses made up the bulk of the diet in all groups. Langbein
noted that grasses constituted over 80% of the diet in most groups, and only in those
animals where the figure was less than this, was the proportion of dwarf shrubs,
mainly heather greater that 10%, rising to 22%. There was little variation in the foods
of stags from different parts of the area (save for a greater proportion of heather in
the two stags from Mar-Apr, from the Quantocks). There was much greater variety in
the diet of hinds, with significant differences in the proportions of grasses and herbs
in the diets of animals from different areas. These differences were largely dictated
by the availability of different combinations of forage plants. The low level of both
broad leaved and coniferous browse in most samples simply reflected low
availability.
The conclusion from these two studies is that grasses form the main diet of red deer
on and around lowland heath, with heather only taken in quantity when grass is in
short supply. Coniferous browse is mainly taken in summer and deciduous browse,
except for evergreens, mainly in winter. There is no specific information on pine,
birch or Molinia in either study.
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Red deer diet in Europe

A study of red deer diet in the Netherlands, based on rumen analysis, was conducted
on the 90,000 ha area of forest (70% by area) heathland and sand dune (30% by area)
at De Veluwe (Groot Bruinderink & Hazebroek 1995). An analysis of diet from the
same study site area was carried out during 1954-1964, 1970-1976 and 1987-1992.
During the whole period 1954-1992, as a result of both succession and inputs of
atmospheric nitrogen, areas of lichen heath with regenerating Scots pine and heather
declined, whilst the areas dominated by bilberry Vaccinium myrtillus, Cowberry V.
vitis idaea, wavy-hair grass and Molinia increased. These changes were broadly
reflected in changes in the composition of deer diet, and by the end of the period,
72% of all grass recorded in the diet was wavy-hair grass. The results for the first and
last periods for the main species by season are presented in Table 2.
Table 2. Mean volume percentage of forage types, per season and period in the rumen contents of red
deer in the Netherlands from Bruinderink &
Hazebroek 1995).

Season
Period*

Apr-Jul
1
2

Aug-Sept
1
2

1

2

Nov-Jan
1
2

Feb-Mar
1
2

Calluna
Conifer
Grasses
Deciduous
Vaccinium

22
21
32
8
11

25
4
41
16
3

28
6
43
8
3

4
0
59
1
18

53
17
17
1
1

30
34
14
0
11

5
0
50
15
29

0
0
40
20
21

Oct

29
4
24
1
16

8
10
38
0
26

*Study period 1 = 1954-1964, Study period 2 = 1987-1992

These results indicate the switches that deer make in their feeding habits when the
composition of the vegetation changes both seasonally, and between years.
Consumption of heather declined between study periods in all seasons although
nearly 30% of the diet was still heather during Nov-Jan in study period 2. Conifer
browse also declined whereas deciduous browse increased in the diet in spring and
summer. There were no differences in browse frequency between the sexes, although
differences have been recorded elsewhere, where browse is an essential food and
stags are able to reach higher and are more frequent browsers than hinds (Bugalho et
al 2001). Consumption of grasses also increased in all seasons except Aug-Sept, and
the consumption of Vaccinium ssp. increased considerably throughout.
Unfortunately, the authors do not give the individual consumption figures for
Molinia.
An earlier study, (Jensen 1968) was carried out in Denmark on the dunes at Ho Bugt,
which include plantations of mountain pine Pinus mugo (7500 ha), and extensive
areas of sand dune and dune heath (2,000 ha). The study was based on rumen
analysis, with 73 samples from 1954-56, collected in all months (although sample
sizes during Apr-Aug were small).
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The main results from this study are summarised in Table 3. Conifer browse was
eaten all year at low levels except during Jan-Feb (>15%). The main period for
broadleaves was in March and June, presumably due to spring bud break and then
Lammas growth in June with further fresh leaves. Dwarf shrubs (mostly Calluna)
formed between 15-35% of the diet between Oct-Mar but were eaten very little
during the summer months. Cross-leaved heath Erica tetralix and Sweet gale Myrica
gale constituted less than 1% of the diet. Grasses were a major constituent through
the year, making up a third of the diet in Sept to nearly the entire intake in April.
Consumption of grasses dropped to 5% in July-August, when grain and field crops
were available and made up about 50% of the diet. This may also have been a
reflection of particular behaviour by the small number of animals sampled, and may
also be a function of the greater likelihood of animals raiding crops being shot!
Wavy-hair grass made up between a third (Mar) and the whole (Apr) of the grasses
eaten, but constituted about 80% of grasses through much of the winter. Fungi were
an important dietary item in Sept. and lichens were eaten through the winter
months.
Table 3. Percentage volume of food items in the diet of red deer from rumen analysis (percentage
main food species within categories in parenthesis) from dune plantations at Ho Bugt in Denmark
(from Jensen 1968).
Feb

Sample size

Jan
10

4

Mar
3

Apr-Jun*
4
%

July-Aug*
5
Volume

Sept
6

Oct
16

Nov
15

Dec
10

Conifers
(Scots pine)

16.3
(15.8)

19.2
(19.2)

6.6
(6.6)

2.0
(2.0)

0.6
(0.6)

1.0
(1.0)

0.3
(0.3)

3.9
(3.9)

2.7
(2.7)

Broadleaved
trees
Dwarf shrubs
(Heather)

0.01

0.1

13.3

12.0

5.2

3.0

6.6

0.1

0.1

37.8
(37.7)

15.0
(14.5)

21.7
(21.7)

1.2
(1.2)

2.2
(2.2)

5.8
(4.8)

20.3
(20.0)

32.1
(31.6)

15.9
(15.4)

Grasses
(Wavy-hair
grass)
Herbs
Cryptograms

37.2
(21.4)

53.0
(37.7)

46.7
(17.0)

81.5
(65.2)

5.0
(3.6)

33.2
(14.7)

63.2
(50.2)

46.8
(36.3)

67.8
(54.1)

8.6

4.9

11.7

0.5
1.3

36.0
0.6

0.3
30.5

0.1
9.2

14.0

0.8
10.6

50.4

0.2
26.0

0.3

Tree Bark
Field crops /
grain

0.1

1.5

3.1

2.0

* Months have been combined due to small sample sizes

Most other studies of red deer diet in Europe have investigated forest deer (e.g.
Mátrai & Kabai 1989, Szemethy et al 2003, Mátrai et al 2004, Prokešová 2004a, 2004b).
In these, a high proportion of the diet of red deer is browse (leaves, twigs, bark), both
in winter and throughout the year. In forests in Hungary, red deer diet was between
63-81% browse (Mátrai & Kabai 1989, Mátrai et al 2004), and 49-85% in
Czechoslovakia (Prokešová 2004). A review of European studies based on rumen
analyses, found records of 145 plant species in the diet of red deer (Gebert &
Verheyden-Tixier 2001). This review concluded that:
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Calluna and Vaccinium were principally associated with moorland (52.2%),
less with conifers (23.2%) and hardly at all in deciduous woods (3.5%)
• Conifer browse was not eaten on moorland but formed about 11% of the diet
in both types of mixed woodland, and was eaten more in winter and spring
than at other times of year
• More bark was eaten (11.1%) in mixed deciduous woodland than mixed
coniferous woodland (2.3)
• Consumption of leaves of deciduous trees and shrubs was greatest in
deciduous woodlands and least on moorland
• Brambles were eaten only in deciduous woodland habitat
• Herbs were eaten in greater quantity on moorland than in woodland habitat
Fuller details of these studies are presented in Appendix 3.
•

There has been little investigation of red deer diet related to the composition of the
field layer. This may be partly because there are considerable analytical difficulties in
comparing diet and availability of herbaceous forage and tree browse, as part of an
overall diet which includes both browse and field layer. A study by Latham et al
(1999) of red and roe deer diet in Scottish plantation forests attempted to compare
deer diet via an analysis of species groups in rumen content with species group
abundance in the field layer. This found that red deer diet was predominantly grass
based in summer, switching to heather and Vaccinium ssp. in winter. Although red
deer diet showed significant differences to ground layer proportions of grasses, herbs
and heaths in plantation forestry (where higher proportions of tree brash and bare
ground may have skewed results), on unplanted ground, the proportions of grasses,
herbs and heaths in deer diet were the same as those in the field layer. This
suggested that on open ground, red deer were unselective and grazed these elements
of the vegetation in direct proportion to their availability
In their book on red deer, Clutton-Brock and Albon (1989), observe that both rumen
analysis and faecal analysis studies from most areas of the Highlands of Scotland,
show that grasses and heathers (mostly Calluna) make up around 90% of the diet,
with grasses making up most of the diet in spring and summer. Where heather is
abundant, as in the eastern Highlands, it can make up nearly 50% of the diet in some
areas. It is most heavily used in autumn and winter. This pattern of a predominantly
grass diet in summer and heather in winter has been recorded by a number of other
studies in upland habitats (e.g. Mitchell et al 1977, Sherlock & Fairley 1993). CluttonBrock & Albon (1989) also note that Molinia, cotton grasses Eriophorum ssp. and deer
grass Trichophorum cespitosum are little used, although they also present some data
showing that on Rhum, faecal analysis found that Molinia could constitute up to 30%
of plant fragments and deer grass about 15% in June, and mat grass Nardus stricta up
to 12% in March.

10

Red deer grazing preferences

Another way of studying the habitat use by deer is by direct observation and a
number of studies have attempted this. Langbein (1997) carried out observations
around Exmoor and found that the results showed high overall use of upland heath,
heath/gorse and bracken (although more strongly for hinds than stag in heath/gorse
and bracken) relative to availability. There was weak selection for scrub plantation
by both sexes and a strong selection by stags for broadleaved woods, but weak
avoidance by hinds. Both sexes avoided conifer woods, and strongly, improved
pasture. Langbein (1997) also used a selection index based on radio-fixes of tagged
animals to look at habitat usage related to availability. He found that preferences and
avoidance were ranked differently between stags and hinds (Table 4).
Table 4 Ranking of habitat preferences by red deer stags and hinds around Exmoor based on radio
tagging (from Langbein 1997).

Hinds
Selecting
1-Upland Heath
2-Heath/gorse
3-Bracken
4-Broadleaved wood
Avoiding
1-Scrub/plantation
2-Improved pasture
3-Conifer wood

Stags
Selecting
1-Conifer wood
2-Broadleaved wood
3-Heath/gorse
4-Bracken
5-Scrub plantation
Avoiding
1-Upland heath
2-Improved pasture

The rankings do not indicate overall usage, (which may, for example have been high
in a low ranked habitat due to its high abundance), but usage relative to availability.
Broadleaved woods, heath/gorse mosaics and bracken were selected by both sexes to
a greater extent than their availability would suggest. Dwarf shrub heath was more
strongly selected by hinds than stags. Conifer woods were not a major component in
the range of either sex but were generally selected by stags and avoided by hinds.
Improved pasture was relatively avoided by both sexes.
This study did not differentiate between the uses for which animals used these
habitat categories, so for example, stags may have used conifer plantations for cover
rather than for feeding.
In Scotland, a number of researchers have watched the behaviour of feeding animals
relative to habitat (Osborne 1964, Charles et al 1977, Gordon 1989). Broadly, these
have found that stags spend most time in Calluna-Trichophorum swards on moorland,
but prefer herb-rich grassland and Festuca-Agrostis swards where these are available.
Dry heath is favoured in winter and Molinia swards in spring and summer. Hinds
show a similar pattern, but in one detailed study in the West Highlands, they
showed a strong preference for Molinia swards in winter as well as summer. They
avoided herb-rich moorland in summer, but not at other times, and in the far NorthWest of Scotland, avoided wet heath and blanket bog. Further details of these studies
are summarised in Appendix 4.
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Sika Deer
Sika deer diet

There are few studies of sika feeding behaviour and diet in the UK, although there
have been a number of studies in their native Japan. The main investigation of diet in
the UK was conducted by Mann (1983), who carried out an analysis of rumen
contents in deer populations from five coniferous forests in Scotland, Wareham
Forest in Dorset and the New Forest in Hampshire in winter, and faecal analysis
throughout the year in Dorset and Hampshire. The results are shown in Tables 5, 6,
and 7.
Table 5. A comparison of sika deer diet from rumen analysis during Nov-Jan in Wareham Forest,
Dorset, New Forest, Hampshire and Scotland. Results expressed as % by volume (from Mann &
Putman 1989).

Forage type (% volume)
Grasses
Deciduous leaves
Pine needles
Heather
Other*

Wareham
Forest
40
10
2
28
20

New Forest

Scotland

11
18
18
11
46

70
12
7
10
1

* Other includes gorse, fruits, nuts, seeds.

The Scottish and Dorset samples were similar but grasses formed a much higher
proportion of the diet in Scotland and heather in Dorset. Pine needles and deciduous
leaves formed less than 20% in both. In contrast, the New Forest animals consumed
less grass and heather and more browse, as well as a wide variety of fruits, nuts,
woody browse and other items. The higher coniferous browse probably reflects
feeding opportunities from the branches of felled conifers rather than a greater
proportion of browsed standing trees (Mann & Putman 1989).
The results from the faecal analysis in Dorset and the New Forest (Tables 6, 7)
confirm the main findings from rumen analysis, but give more detail. In both areas
Bristle bent-grass Agrostis curtisii, a common grass on the southern heaths, forms a
substantial proportion of all grasses eaten and is taken all the year round. Molinia is
taken in only small quantities and, as expected, largely in the summer. Conifer
browse is favoured in winter, and again, is taken in greater quantities in the New
Forest from felled branches. Gorse is eaten in small quantities throughout the year at
both sites.
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Table 6. Dietary composition of sika deer from Wareham Forest, Dorset, from faecal analysis 19801981. Percentage of total fragments by month (from Mann 1983)

Agrostis capillaris
Agrostis curtisii
Molinia caerulea
Total grasses
Herbs/deciduous
leaves
Coniferous
needles
Calluna vulgaris
Ulex ssp.
Other

Jan
t
15
t
30
1

Feb
4
14
t
37
1

Mar/Apr
2
13
3
28
1

May
3
18
4
41
2

Jun
1
20
3
36
3

July
1
17
2
38
2

Aug
4
20
4
48
1

Sept
1
11
t
30
5

Oct
3
22
3
45
5

Nov
2
20
2
38
4

Dec
3
15
t
32
3

5

6

4

1

0

t

0

1

1

1

1

55
6
3

46
7
3

47
8
12

47
7
2

52
7
2

52
8
0

42
7
2

56
5
3

43
3
3

41
10
6

46
9
10

t=trace
Table 7. Dietary composition of sika deer from the New Forest, Hampshire, from faecal analysis
1980-1981. Percentage of total fragments by month (from Mann 1983)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Agrostis capillaris
Agrostis curtisii
Molinia caerulea

3
8
t

5
8
t

5
9
1

8
16
4

7
12
6

7
12
7

7
11
5

11
13
6

13
12
5

9
10
4

8
9
t

5
9
t

Total grasses

25

25

22

39

38

40

39

50

44

31

28

27

Herbs/decid.
leaves
Coniferous
needles
Calluna vulgaris
Ulex ssp.
Fruits
Other

12

14

11

14

15

15

17

11

21

27

15

15

20

19

23

13

2

0

0

1

0

6

8

16

24
7
6
6

23
14
4
1

30
8
2
4

23
7
0
4

35
6
0
4

37
5
0
3

35
6
0
3

29
6
0
3

27
7
0
1

23
4
6
3

24
7
14
4

25
5
9
3

t=trace

A more recent study examined the diet of sika deer via a rumen analysis at the RSPB
reserve at Arne and the MOD ranges at Lulworth, both in Dorset (Whitmarsh 2003)
(Table 8). This found that 55% of rumen volume in hinds at both sites was grass (less
for stags), with a mixture of other foods, none of which, except for woody browse,
made up more than 25% of the diet. At Arne woody browse (mostly gorse) and at
Lulworth, holly and ivy were major constituents of the diet respectively. These
figures reflected very high deer numbers at Arne (c. 1.5 deer per ha) and both holly
and ivy (and most bramble) had been eaten out where it was within reach. Deer at
this site also have access to extensive saltings and farm field grazing, but despite this,
the lack of favoured browse species seems to have been replaced by gorse and
heather, inputs of deciduous browse (mostly gorse) and grass were no higher than at
Lulworth where deer densities are far less. The Arne deer also ate more conifer
browse, but this remained at less than 10% for both sexes. No herbs were recorded at
either site, and deciduous browse was low at both.
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Table 8 Forage types as % volume in rumen contents of sika stags and hinds at Arne and Lulworth in
Dorset (from Whitmarsh 2003)

Forage
Grasses
Conifer browse
Deciduous browse
Heather
Holly/Ivy
Woody browse
Herbs
Bramble

Arne
Hinds
55
9
6
18
4
10
0
0

Lulworth
Stags
43
4
11
13
2
27
0
0

Hinds
55
2
6
5
16
5
0
13

Stags
35
0
14
0
33
12
0
6

A further study at Arne by Mack (2001) analysed forage species in sika deer pellets,
and although the results simply give percent frequency rather than volume, they do
give some indication of the catholic foraging behaviour of sika (Table 9). Although
the pellet contents reflected areas where the animals had been foraging (for example
cord grass Spartina maritima and sea purslane Halimione portulacoides from nearby
saltings were also found in pellets from both wet and dry heath), they also reflect the
areas in which they were found. For example, both cross-leaved heath and whitebeaked sedge Rhynchospora alba, plants of wet heath and mire were found at greater
frequency in wet than in dry heath. The presence of bracken and rhododendron
Rhododendron ponticum in the diet may reflect the shortage of appropriate forage at
Arne, as mentioned previously. If so, this would indicate that sika at high densities
will browse normally unsuitable or unpalatable species. Anecdotal evidence from
local residents, who have noticed increasing deer depredations on introduced garden
species that have been ignored in the past, suggest this may be a reasonable
explanation. The species which seem to have been most frequent in sika deer diet
from this analysis were heather, Molinia, bell heather Erica cinerea, bracken and sweet
gale.
Table 9. Percentage frequency of selected heathland forage species from sika deer pellets from dry
and wet heath habitats at Arne, Dorset (from Mack 2003).

Forage species
Calluna vulgaris
Molinia caerulea
Erica cinerea
Pteridium aquilinum
Myrica gale
Betula pendula
Rhododendron ponticum
Holcus lanatus
Agrostis capillaries
Erica tetralix
Rhynchospora alba

% frequency of occurrence in sika pellets
Dry Heath
Wet Heath
97.5
87.5
97.5
100
72.5
67.5
100
80.0
85.0
97.5
45.0
2.5
65.0
52.5
32.5
12.5
80.0
87.5
10.0
20.0
0
12.5
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Effects of deer grazing on lowland heath
vegetation
Very little research has been carried out on the effects of deer grazing on lowland
heath vegetation. Most research in this area has concentrated on damage to
agriculture and broad leaved and coniferous woodland trees though browsing and
fraying (e. g. Staines & Welch 1984, Gill et al 2000, Scott & Palmer 2000) and to the
biodiversity of woodland field layers (e. g. Putman & Moore 1998, Gill 2000,
Morecroft et al 2001).
Putman (1986), reported off-takes of various vegetation types, based on exclosure
experiments, but could make no distinction between the grazing of ponies, cattle and
deer (Table 10). His results clearly show that the main period for grazing Molinia is
May-Aug, that quantities of rush taken are far higher than Molinia, where both are
present, and that both gorse Ulex ssp. and holly are taken by grazing animals only in
the winter.
Putman also gives figures for productivity and off-take for Molinia and rushes that
allow off-take as a percentage of production to be calculated for the growing season
May-Sept (Table 11).
Table 10. Monthly off-takes (g/m²) for Molinia, Juncus sp, Ilex aquifolium and Ulex sp. in the New
Forest from cattle, pony and deer grazing combined. (for gorse and holly, figures are given only for
winter Oct-April and summer April-Oct) (from Putman 1986).

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Molinia
0
0
0
3.2
16.2
26.8
35.1
20.7
4.8
1.9
0
0

Rush
36.3
28.6
9.7
23.3
106
35.5
187.0
132.0
116.0
61.2
29.6
25.4

Gorse

Holly

OctApril
364.0

OctApril
1.9

AprilOct
0

AprilOct
0

Table 11. Above-ground production of Molinia and rush together with off-takes (g/m²) and
percentages May-Sept 1978 (from Putman 1986)

Species/Group
Molinia
Juncus ssp.

Production
226
1,228

Off-take
103.6
576.5

% Off-take
45.8
46.9
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Although rushes produce over five times the above-ground biomass of Molinia, the
percentage off-takes are the same, suggesting that there is no selection by grazing
animals between the two.
Clarke (1988) also considered grazing in the New Forest mires, where in his grazed
plots, Molinia biomass was reduced by 80-90%, with a 73% mean reduction in cover,
compared to un-grazed plots. He noted that Molinia had achieved dominance in all
three of the un-grazed plots, but in only one of the grazed plots, and that the grazed
plots had a significantly higher species richness than un-grazed plots, with the main
contributions coming from sedges and bryophytes. The main off-takes were Molinia,
rushes, heather and cross-leaved heath. However, most grazing was by New Forest
ponies and levels of deer grazing in the grazed plots were low.
A more recent study of cattle and deer grazing was undertaken on Dorset wet heaths
and mires at Arne by Lake (2002). She looked at measures of cover and frequency of
plant species in M16a wet heath and M21 typical valley mire, subject to grazing by
cattle and sika deer (CDG), using exclosures allowing deer grazing only (DG) and
excluding grazing by both deer and cattle (UG). The researcher had no control over
the intensity or timing of grazing. Deer density was estimated at 0.35-0.42 deer haˉ¹,
and cattle density as 0.04 haˉ¹during the three years of the study. Lake found that,
overall, the cover of graminoids after three years was significantly lower in the CDG
samples than the UG samples, and the cover of Ericoids significantly lower in CDG
samples than DG (but not UG) samples. There was also a significant increase in bare
ground on both wet heath and mire in CDG over both DG and UG samples.
In the valley mire, cattle and deer grazing caused decreases in cover of both Molinia
and common cotton grass Eriophorum angustifolium, but increases in deer grass. On
wet heath, Molinia increased where grazing was excluded but there were no other
measurable effects. It is probable that the limited results from this study reflect the
short time scales involved, and that grazing over a longer period or at higher
densities would have generated clearer impacts.
Some recent unpublished studies at Arne in Dorset, where deer densities are very
high, found that total vegetation volume and cover of ericaceous species had been
reduced on the dry heaths, and that moderate grazing had produced a mosaic of
heather heights. Heavy grazing on dry heaths had resulted in uniformly short
heather. On the wet heaths, trampling had created areas of bare mud. In one area,
deer impacts were clearly controlling Molinia growth. (Diaz 2004, Diaz & Walls 2005).
In all reported studies of browsing, oak, willow and hornbeam declined, whereas
aspen, birch, Scots pine and beech may decrease or increase, presumably depending
on the deer species and level of browsing, although in most studies they decreased.
The same is true for shrubs, with bramble, ivy and hawthorn decreasing in most
studies and honeysuckle Lonicera pericyclamen increasing in two and decreasing in the
other two studies (Gill & Beardall 2001, Gill 2000). Fuller details are given in
Appendix 3.
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Holloway (1967) examined grazing by red deer on Scots pine saplings at Deeside in
areas with different deer densities. He found that at one deer/60 ha, tree
development was not impaired, at one/25 ha, most saplings survived for more than
ten years and a proportion reached a height where they were likely to become trees,
but that at one/4 ha, few saplings lived beyond ten years and none were likely to
become trees.
A further experimental study was carried out by Miller et al (1982) used planted
saplings of pine, rowan Sorbus aucuparia, birch and juniper Juniperus communis on
land below 600m a.s.l. in six sites where deer densities averaged 1.2 deer haˉ¹,
ranging from 0.43 haˉ¹ - 2.18 haˉ¹. Saplings were planted in November and May and
inspected 5 months after planting. Browsing of birch and rowan was noticeably less
in winter than in summer but there was no seasonal pattern for browsing pine and
juniper. Pine was most liable to browsing with 84% of saplings browsed; rowan
ranked second (69%,) with birch and juniper third, (55%) and (57%) respectively. Five
years after planting the pine had all but disappeared. About 20% of the remaining
saplings of all other species remained alive but all were browsed and none was taller
than 15cm.
A study in Spain showed that at high levels of ungulate grazing, 85% of Scots pine
saplings were grazed more than once, grazed saplings grew more slowly and as a
result took up to 12 years longer than un-grazed saplings to grow above the browse
line. Grazing was higher during dry than wet years (Zamora et al 2001). In Scotland,
at Inshriach National Nature Reserve, (where deer numbers were at one/14 ha), and
at Creag Meagaidh NNR, a reduction in deer numbers to 1/ 39 ha and 1/19 ha
respectively, has allowed pine, birch and rowan regeneration to restart (Staines et al
1995). The same authors suggest that regeneration of pine and birch on open ground
may occur at densities of 1/15 ha or less.
On the Mar Lodge Estate, the National Trust for Scotland aims to reduce red deer
densities to 1/20 ha to encourage tree regeneration and in another area, to 1/6.25 ha to
prevent loss of heather cover (Rao 2001)
An unpublished observation at Arne in Dorset (Diaz pers comm.) found that of 5o
birch saplings, 45 smaller birch (with a mean girth of 0.4±SE 0.1m) were damaged by
sika deer but that the 5 larger birch (0.5±SE 0.3 m) were undamaged.
Further observations of deer grazing in woodlands are included in Appendix 5.
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Discussion
The main issues which have lead to the classification of much of Colony Bog as being
in unfavourable condition are dominance of the wet heath, mire and some grassland
communities by Molinia and the encroachment onto dry heath by pine and birch.

What are the effects of deer on vegetation communities of lowland heathland and
valley mires?

There is general agreement by ecologists that grazing and trampling within
heathland and mire communities dominated by Deschampsia flexuosa and Molinia can
improve species richness on dry heath (Heil & de Smidt 2001, Sanderson 1995) and
on wet heath and mire (Clarke 1988, Lake 2002). However, the species richness
resulting from the introduction of grazing animals may depend on the intensity and
seasonality of grazing. Bullock & Pakeman (1997) found that heavy grazing (by
sheep, cattle and rabbits) on dry heath led to a decrease in the cover of heather and
an increase in bare ground and Festuca ovina. They suggested that heavy grazing was
changing the dry heath to more open, grass-dominated communities. On dry heath
on the Suffolk Sandlings, they found that under moderate levels of grazing the heath
had a higher cover of heathers, bryophytes and lichens with less bare ground than
un-grazed sites. Moderately grazed sites had more bracken and scrub than either
lightly or un-grazed sites. Bullock & Pakeman (1997) also noted that burning of wet
heath (M16) in the New Forest, and a mire community (M24c) at Aylesbeare in
Devon, followed by grazing in each case, had led to an increase in characteristic herb
species.
These results generally follow grazing studies by sheep in the uplands which showed
that higher grazing levels decrease the cover of dwarf shrubs, increased the cover of
graminoids, particularly grasses, and usually led to the creation of more bare ground
(e.g. Welch & Scott 1995, Grant et al 1985, Staines et al 1995). Generally, an increase in
grazing allows the more tolerant species to increase and opens up the sward to less
competitive species leading to an increase in species richness. However, very heavy
grazing and trampling will seriously damage dry and wet heath and mire.
At Arne, where there are very heavy levels of grazing by sika deer, there has been a
progressive deterioration of the wet heath and particularly the mire communities.
Moderate grazing removes most flowering heads and reduces the cover of Molinia
and cotton grass, and increases the area of deer grass and bare ground (Lake 2002).
As grazing becomes heavier, cotton grass disappears, together with bog asphodel
Narthecium ossifragum and Molinia tussocks become short and smooth. Trampled
areas increase and initially there is an increase in the light demanding annuals
white-beaked sedge and sundews. As the user increases, these too disappear,
Sphagnum ssp. become fragmented, bare ground extends and covers much of the
wetter mire surface with only cross-leaved heath and scattered Molinia tussocks
remaining. On wet heath, the structure of the vegetation is changed, with higher
tussocks of unpalatable cross-leaved heath surrounded by tightly grazed `lawns’ of
heather. (Diaz 2004, Diaz & Walls 2005, Underhill-Day pers obs).
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It is clear from the above that deer grazing is beneficial to heathland plant
communities at light to moderate levels, but as with any grazing animal, damage can
be severe under high levels of grazing and trampling.

What is the effect of deer grazing on birch and pine invasion?

The result of deer grazing on Scots pine is to cause stunting, extend the time trees
will take to grow above the browse line, and at sufficient densities, prevent
colonisation of open habitat entirely. A similar result obtains with birch, although
their growth habit (re-sprouting from the base, multiple stems) allows longer
survival and greater ability to recover if grazing pressures are lifted. Once the trees
are high enough for the deer to be unable to reach the leading shoots (and stags can
reach higher than hinds) then deer grazing will generally be ineffective at further
control, although baking can still damage trees and make them vulnerable to
diseas4e and wind throw. Deciduous tree bark is more favoured than conifer bark by
red deer.

What is the likely effect of grazing on the spread of coarse grasses including
Molinia?

The general studies reviewed here suggest that deer would preferentially exploit
wavy hair-grass, sheeps fescue, common bent and bristle bent grasses on lowland
heathland, together with any area of Agrostis-Festuca and other poor grassland in
associated fields, ride sides and woodland clearings to which they had access. On
heaths in the south and south-west, bristle-bent grass often dominates after fire and
is of low nutritional value and relatively unpalatable (Backshall et al 2001). Despite
this, bristle-bent has been recorded in sika deer diet throughout the year, with a
relatively high frequency during the winter (Mann 1983). On wetter areas, Molinia
would be grazed preferentially in late spring and summer mat grass in early spring,
rushes throughout the year and cotton grass and deer grass at lower levels when
there are shortages of other forage plants.
Molinia is a deciduous grass with high digestibility in April-July when it is readily
grazed by stock. Fresh growth of Molinia has the forage value of cultivated grasses,
although it is lower in calcium (Mowforth & Sydes 1989). At the end of the summer,
digestibility quickly declines and the dead leaves have negligible nutritional value
(Armstrong 1996). In the uplands, Molinia has been recorded as being preferentially
selected by sheep during June/July (Grant et al 1976), and by ponies in the New
Forest during May-August (Putman et al 1987). Grant et al (1996) have shown that
off-take of more than 33% of productivity will lead to a reduction in biomass of
Molinia, but no stocking densities were available from this study. ). Miles (1971)
found that red deer grazing on Molinia increases sharply in spring and summer after
burning.
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What is the likely effect of deer browsing and grazing on heathers and heaths with
particular reference to the structure of ling?

There have been no detailed studies on the effects of grazing on heather or heaths on
lowland heathland. Studies elsewhere agree that grazing animals generally avoid
Erica ssp even when stocking levels are high. Studies from the uplands show that at
higher grazing levels, there is a tendency for dwarf shrub communities to be
converted to grass, sedge and rush communities (eg Welch & Scott 1995). Studies of
the effects of changing grazing practices on the frequency and cover of Calluna have
concentrated on the removal of grazing animals on over-grazed habitats, not on their
introduction to under-grazed or un-grazed sites. There is, however, general
agreement that the effects of grazing are difficult to predict and for heather, will
depend on the age, structure and condition of the communities, other practices such
as burning or bracken management, the location of other foraging areas such as grass
fields and the availability of water and cover. None of the studies reported here
separated out heather swards into pioneer, building, mature and degenerate,
although it has been found that red deer prefer to graze mature heather throughout
the year except in spring when they prefer building heather. They may have
difficulty in physically grazing short pioneer heather (Hewson 1976
Grant et al (1982) found that 40% removal of current seasons shoots from heather
swards during five years in both summer and autumn (Jun-Jul, Sep-Oct), did not
affect sward productivity. When removal levels were raised to 80%, however,
productivity was reduced by 66%. After three years of recovery, there were no
remaining treatment effects except on the autumn grazed 80% plots where herbage
mass was still reduced.
Grazing densities

The effects of grazing on both species and communities depends on the stocking
rates. There is little information on deer grazing densities and their effects on
vegetation in the literature. In order to approximately suggest appropriate stocking
densities, we have supplemented the literature on deer by including studies of
domestic stock and converted the figures to Livestock Units (from RDS 2005) for
comparison (Table 12). The LU equivalent of 0.3 for red deer has been used from
Langbein (1997).
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Table 12. Stocking rates (with Livestock Unit {LU} equivalents) for conservation objectives on
lowland and upland heath. A LU figure of 0.3 has been assigned to red deer (Langbein 1997).

Stock

Stocking rate/ha

Stocking

Red deer

1.10-1.34

0.33-0.40

Red deer

2.10-2.17

0.63-0.65

Red deer

0.25

0.07

Red deer

1.20

0.36

Red deer

1.20

0.36

Cattle
Ponies

0.11
0.05

0.16

Sheep

0.7-1.4

0.10-0.21

LU/ha

Objective &
Result
Heather
utilisation
30-40%, healthy
Heather
utilisation
50-60%, decline
Pine saplings,
dead/stunted
Pine 84%
browsed
“
Birch 55%
browsed
“
Molinia control
achieved?

Reference

Molinia stable

Hulme et al 2002

Grant et al 1981

Grant et al 1981

Holloway 1967
Miller et al 1982
Miller et al 1982
Cox 1998

Lake (2001) gives examples of historic grazing densities on heathland (for
agricultural not conservation objectives) of 2.3 sheep haˉ¹on dry heath at Lakenheath
Warren in Suffolk, 1.3 sheep haˉ¹ on the (dry heath) Suffolk Sandlings and 0.11 cattle
and 0.18 ponies haˉ¹in the New Forest. English Nature (2005) recommend a stocking
rate of between 0.125-0.5 cattle ¯¹, or 0.08- 0.2 ponies haˉ¹ or 0.5-5.0 ewes haˉ¹ on
lowland heathland.
The objective at Colony Bog will be to control Molinia and prevent or retard
colonisation by pine and birch without reducing the existing frequency and cover of
heather. It is difficult to arrive at a specified grazing formula which will achieve this,
as:
• There are differences between and within sites in the age of the vegetation
(particularly dwarf shrubs) since last management or burning
• Comparable figures with measured results are difficult to obtain
• The results from grazing by one animal (or even breed, Newborn et al 1992),
may not be the same as another
• Results from experiments in the uplands may not be applicable to the
lowlands
Based on the above figures:
• A density of 0.20 LU haˉ¹ could stabilise Molinia but might not be high
enough to reduce it or to control pine and birch regeneration.
• The prevalence of wildfires on the site, will to some extent control tree
encroachment and tree regeneration after fire might require a lower level of
grazing for control than is suggested by the figures from Miller et al (1982).
• At above 0.4 LU haˉ¹, grazing pressure would be likely to damage heather.
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•

•

Grazing pressure will not be even across the site, as animals concentrate on
better forage, notably the grasslands throughout the year and the wetlands in
spring and summer
A red deer hind has been given a LU equivalent of 0.3 in Table 12. . Sika deer
hinds are rather less than half the weight of red deer hinds, so have been
given a LU equivalent of 0.15.

Based on the above considerations, and in the absence of any sub-division of the
1000ha Colony Bog site, it is suggested therefore that an initial stocking rate of 0.03.04 LU haˉ¹ should be sought averaged across the site. This would be equivalent to a
herd of 100-130 red deer or 200-250 sika deer. These figures are intended as very
approximate guidelines rather than exact prescriptions. .
Deer species

The species which seem most suited to the conditions on Colony Bog are red deer
and sika deer. In all the studies examined, both red and sika deer eat grasses and
heather all the year round, but with generally greater quantities of grass in summer
and more heather in winter. Both species also tend to eat most deciduous browse in
summer, but eat twigs and bark in winter, and most conifer browse is in winter. Data
on the proportion of Molinia in the diet are sparse for red deer, but indicate that
Molinia is eaten mostly during Jun-Aug, and in low quantity, although it can form a
substantial part of the diet in June. Sika deer also consume low quantities of Molinia,
especially when there are Agrostis ssp. available, but experience at Arne, where deer
densities are very high, suggests that when other forage is scarce, sika will eat
Molinia and can substantially reduce its dominance. Neither deer species readily eats
birch, although both will eat Scots pine browse. Red deer will control the
regeneration of both pine and birch where they are at sufficient density, but even at
high densities, sika do not control pine, and there is no information on their effect on
birch. The conclusion from this review is that the introduction of either species
would probably lead to a reduction in Molinia dominance at Colony Bog, although
sika may be more effective. Red deer would control pine, and probably birch
regeneration more effectively than sika. Given the similarities between the two
species, the choice may rest on more practical considerations such as availability and
the implications of introducing a native or non-native alien to Surrey, than on diet
and feeding ecology.

Supplementary feeding

A number of studies have considered winter supplementary feeding (SF) on deer
welfare and the main consideration are summarised here, taken from Putman &
Staines (2004), whose review considered only red deer, although many of the pints
made would equally apply to sika.
•

S F has little effect on body weights or fecundity and to reduce winter
mortality, needs to start early, and before animals reach poor condition
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•

•

•
•
•
•

•
•

Some animals may come to rely on S F, and where they do so, they may
neglect natural food sources. Where S F does not provide 100% of their needs
in these circumstances, they may lose condition rather than retain it
A similar result can arise, where dominant stags take most of the food to the
detriment of smaller stags and hinds. If the latter hang around the feeding site
hoping to obtain food, they may starve.
Concentrations of animals around feeding sites can increase the risk of
infection and injury
Concentrations can also lead to degradation of the immediate surroundings
to the feeding sites as animals over-graze and trample nearby vegetation
Animals which have become used to being fed in winter can starve if food is
suddenly withdrawn either within or between winters
Some of these effects can be ameliorated by sensible practice, e.g. a range of
small, widespread feeding sites, a food supply which is adequate for all,
feeding throughout the winter, measured increase or decreases in feeding
over time
The feeding of urea blocks offers a sensible alternative as they enhance the
digestibility of natural forage and increase its nutritional value.
They do not constitute a supplementary food so animals do not hang about
waiting for the, they can be spread about and they can last some time

It is apparent from the above that any feeding programme should be approached
with considerable thought and that any deer introduction project to Colony Bog
should be viable without a feeding programme at least at moderate deer densities.
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Appendix 1
Heathland plant communities

Colony Bog contains substantial areas of dry and humid heath, with the main areas
of dry heath to the south and most humid heath areas to the north and east of the
main valley mire. The Phase 2 survey has also recognised a Molinia heath
community, found in small patches on the edges of wet heath and mire and probably
derived from humid heath where no grazing has taken place over a long period (EPR
2002). These dry and humid heath communities all contain regenerating Pinus
sylvestris and Betula ssp. and grade into woodland or bracken covered slopes on the
drier edges to the north and west.
Wet heath

Wet heath communities are dominated by Erica tetralix, with Calluna and Molinia
constant within the typical sub community and the Rhychospora alba-Drosera
intermedia sub community, both of which are found in Colony Bog, the latter on areas
of disturbed ground. Here, these wet heaths are found around the edges of the main
and subsidiary mire systems, below spring lines and in damp hollows. These
communities cover substantial areas on flatter ground and contain a range of other
graminoids and small Sphagnum species.
Tree regeneration is poorer here except where very hot fires have burnt over the
ground (EPR 2002).
Mires

The main mire systems are referable to M21a, characterised by an abundance of
Drosera rotundifolia and Narthecium ossifragum, but with C. vulgaris, Erica tetralix,
Molinia caerulea, Eriophorum angustifolium, Juncus acutiflorus and a number of
Sphagnum sp., particularly S. papillosum, as constants. These permanently
waterlogged areas are quite small on Colony Bog, extending up the centre of the
main and some subsidiary valleys and containing some open water bodies and
Eliocharis multicaulis bog pools.. In the past, such communitities would have been
more common, but a combination of past drainage and a lack of grazing have
converted former areas of this community to M25a Molinia mire. This latter
community is characterised by an abundance of Molinia, and although there are a
range of associated species, these are often poorly represented where the lack of
grazing allows dense shading to develop from the Molinia tussocks. This community
can be derived both from wet heath and more species rich mire in the absence of
management. There is, in addition, a small area of M14 Schoenus nigricans-Narthecium
ossifragum mire in the north-east, (Schoenus is also present on M21 and M25 mires),
and a number of M6 Carex echinata-Sphagnum mires below the spring lines.
Grasslands

There are small areas of dry, acid grassland within Colony Bog SSSI, although these
are mostly scattered on paths and rides. These are mostly referable to subcommunities of U1, characterised by Festuca ovina and Agrostis capillaris. Similarly,
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small areas of Molinia wet and damp grassland and rush pasture are found
associated with rides, former tips, waste ground and mown areas, mostly around the
edge of the site. It is not known how extensive these are in aggregate.
Some larger areas of semi-improved grasslands are present on the eastern edge of the
ranges.
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Appendix 2
Wild deer species in the UK

Only two deer species, roe, Capreolus capreolus and red Cervus elaphus are native but
four others, Sika Cervus nippon, Fallow Dama dama, Chinese muntjac, Muntiacus
reevesi and Chinese water deer, Hydropotes inermi are now naturalised in the UK.
Both Muntjac and Chinese water deer can be immediately discounted as potential
heathland grazers.
Chinese muntjac

The former is a small, solitary animal, living in dense cover and largely subsisting as
a browser on shrubs and small tree saplings. One study found that 30-40% of the diet
was bramble and raspberry in all months, and in deciduous woodland, in summer,
muntjac selected rose, dogwood, blackthorn and hawthorn ((Harris & Forde 1986,
Corbett & Harris 1991). These small, solitary animals of dense shrubby woodlands
are unlikely to prosper on open heaths would not reach sufficient numbers to
achieve vegetation management objectives, would require substantial upgrade of
fencing (below rather than above), would be difficult to manage, and their impact
would be minimal.
Chinese water deer

By contrast, Chinese water deer are larger, but also largely solitary animals, whose
natural habitat is wet woodland and swamp, and whose food is largely grasses,
sedges and brambles (Corbett & Harris 1991). There is no evidence that these animals
would survive on heathlands. They are largely graziers, not browsers and where
they are on fields (at Whipsnade) there is some evidence that animals are lighter than
in fen habitat. They are relatively short lived. Chinese water deer are solitary and
would be unlikely to reach densities sufficient to achieve vegetation objectives, they
prefer woodland and swamp habitats and areas of better grazing and on heathland,
might engender animal welfare concerns. There is little experience of using these
animals as a wild grazier on nature reserves.
Roe deer

Roe deer are native, solitary and territorial animals, occupying ranges of 7.6-85 ha
and 7.5-67 ha by males and females respectively. They eat a wide range of foods
including brambles (all the year round) and buds and shoots of deciduous trees and
herbs in summer, together with conifer browse, and heather and bilberry woody
browse in winter (Jackson 1980, Hosey 1981, Hearney & Jennings 1983, Corbett &
Harris 1991). Jackson (1980), undertook the only published study within an area
containing substantial southern heathland habitat. He found from analysis of rumen
content, that in December, and between February and April, Calluna was most
important with bilberry Vaccinium myrtillus more prominent in May and June. In the
New Forest, he found these shrubs made up about 7% of the annual diet. He noted
that roe deer seldom ate rushes, sedges, mosses, Corsican pine, Agrostis curtisii or
Molinia although all these were plentiful during all or part of the year.
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Roe deer are already present within Colony Bog and seem to have had little impact
on the invasion of pine and birch or on the increasing dominance of Molinia. Studies
indicate that conifer browse and Molinia are minor constituents of the diet of roe
deer. It is not known whether numbers on Colony Bog are kept too low for such
impacts to be significant by existing culling practices, but it seems likely that grazing
by higher numbers of larger herd animals is now necessary to achieve the vegetation
objectives.
Fallow deer

Fallow deer are herd animals, and are, for most of the year graziers rather than
browsers. In the New Forest, fallow deer diet was studied by Jackson (1977) between
November 1970 and March 1973 from rumen contents of animals culled or retrieved
as road accidents. In all months, grasses were an important food ranging from 20% of
volume in Dec-Jan to nearly 70% of the diet in April. Conifer browse formed between
14-17% of the diet during Dec-Feb and heather and bilberry between 18-26% of the
diet during Dec-Mar. Dwarf shrubs formed less than 6% of the diet during July-Oct.
Other important foods were fruits (particularly acorns) in the autumn, holly in late
winter and bramble and rose from Aug to Jan. Broadleaf browse was taken in
summer peaking at 14% in July. Although common in the New Forest, bristle bent
grass Agrostis curtisii and Molinia were not important foods. Although coniferous
browse was a major source of winter food, there was little evidence of damage to
young trees, and much of this food came from foliage felled during forestry
operations, which fallow then browsed extensively. Similar results were recorded in
a later study by Parfitt (1985), reported by Putman (1986). It has been suggested that
fallow deer are the final successional species (after roe and red) in forests, and that
they are most at home in old, mixed, deciduous forests such as those in the Forest of
Dean, the New Forest (Batcheler 1960). Fallow deer may be possible graziers for
Colony Bog, but dietary and behavioural evidence suggests that they do not forage
extensively on growing conifers and eat little Molinia even when this is a common
constituent of the vegetation.
Sika deer

Sika deer were introduced into the UK from about 1860 and are now established in a
number of places in the UK including Dorset, the New Forest, the home counties,
south-west, east and north-west Ireland, Lancashire and several parts of Scotland
(Horwood & Masters 1981, Corbett and Harris, 1991). Sika are usually associated
with dense woodland and thickets during the day, coming out to feed at night. They
take a wide variety of foods, with grass, heather, tree browse and tree fruits and nuts
in season, and graze in small groups or herds (Mann 1983, Mack 2001, Whitmarsh
2003). In Scotland sika diet consists largely of grasses (70%), with about 20% tree
browse and the remainder largely heather. In Dorset, grasses constitute about 40% of
the diet, tree browse 12% and heather 20%. In the mixed woodlands of the new
Forest, sika deer diet includes up to 36% tree browse, 46% fruits, nuts, fungi and
woody browse and only 20% heather and grass. Sika deer are clearly highly
adaptable and can subsist on poor quality forage. They currently thrive on the heaths
of Dorset, and have built up large populations there. They are herd animals with
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similar behaviours to red deer with which they will hybridise. They are a possible
candidate for introduction to Colony Bog.
Red deer

Red deer are herd animals with hinds and stags occupying separate ranges except
during the rutting season in autumn. They are primarily woodland animals, but have
adapted to living on open moorlands in Scotland and the Lake District and the
heaths of the East Anglian Sandlings and Exmoor. Elsewhere they have adapted to
semi-arid Mediterranean areas in Sardinia and North Africa, alpine meadows in
Switzerland, high snowfall areas of Norway and flood plain meadows of central
Europe (Corbett & Harris 1991). This suggests they are highly adaptable.
Red deer eat a wide variety of plants both from grazing and browsing, including
grasses, herbs, heather, broadleaved and conifer browse. In the lowlands, most of the
diet is grasses, a fifth heather, between 5-50% broadleaved browse and very limited
conifer browse. (Hearney & Jennings 1983, Langbein 1997). In Scotland, some 90% of
the diet can be made up of grasses andheather, although the proportion of Molinia
can increase after burning. They prefer oak, rowan and willow to birch browse, and
Scots pine browse to lodgepole pine and Sitka spruce. The broad constituents of their
diet differ broadly according to the forage available (Miles 1971, Mitchell et al 1977,
Staines 1980, Clutton-Brock & Albon, 1989).
With their widespread distribution across the UK, their presence on lowland
heathland in East Anglia, Hampshire and Devon, their adaptability and wide dietary
spectrum, red deer appear to be well suited to Colony Bog. There is considerable
accumulated experience on the management of red deer, including the provision of
additional winter forage and the use of feed blocks.
Forage quality of heathland vegetation

The vegetation of Colony Bog will provide forage year round for deer, but with a
preponderance of Molinia, the available live growth will be far lower during winter.
A number of deer species are intermediate feeders, (i.e both browsers and graziers,)
showing that they are extremely versatile and adaptive (Hofman 1985). Van Wieren
(1996) has shown that red deer appear to select a diet that maximises their short term
energy intake. They select a better quality diet, with easily digestible forage, rich in
protein and low in crude fibre and lignin (Albon & Langvatn 1992, Landvatn &
Hanley 1993). It may therefore be helpful, in order to inform later discussion of deer
diets, to gain some understanding of the relative forage values of different
communities and species. The digestibility of plant material can be assessed by an in
vitro, enzyme bases assay that correlates closely with actual digestibility of large
herbivores (Putman et al 1983). Putman and his co-workers analysed vegetation from
community types in the New Forest and the results are shown in Table 13.
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Table 13. Digestibility in summer and winter, defined as percentage weight loss for a range of New
Forest plant communities (from Putman et al 1983). Results for hay and straw in winter are shown for
comparison.

Plant community
Hay
Straw
`Improved’ grassland
Acid grassland
Heath Molinia
Bog Molinia
Juncus articulatus
Holly shoots
Gorse shoots
Oak shoots
Bracken

Digestibility (May-Oct)
44.6
30.6
39.6
31.0
38.8
38.8
33.6
57.5
44.8
47.8
40.5

Digestibility (Nov-Apr)

21.6
20.0
17.3
18.5
21.4
59.4
37.3
25.8

Unfortunately, neither the birch nor pine was included in this analysis. The figures
show that tree browse provides consistently higher digestibility both in summer and
winter than herbaceous vegetation on the heaths, with Molinia and improved’
grasslands providing the best grazing in spring and summer. The improvement to
the grassland, on the commons, has consisted mainly of some limited liming and
possibly some organic fertilisation in the past. In winter, Molinia is marginally
poorer than the acid and improved grassland and less than half the digestibility of
hay.
A further set of figures, using in vitro dry matter digestibility has been calculated for
a number of upland species of blanket bog by Kay et al (1981), and is reproduced in
Clutton-Brock & Albon 1989. These figures, which, due to differences in the habitat
and the analytical technique, are not easily comparable with those in Table 13 are
given in Table 14
Table 14 Digestibility of common upland plants (from Kay et al 1981).

Selected Species

Spring

Summer

Autumn

Winter

Deschampsia flexuosa
Festuca rubra
Holcus mollis
Agrostis capillaris
Molinia caerulea
Carex ssp.
Calluna vulgaris
Betula ssp.

75
75
76
76
67
67
60
27-34

57-68
57-68
62-72
62-72
47-65
58-64
44-52
-

77
72-73
69-73
64-70
50
56
24-46
25

62-69
48-63
42-53
35-41
54
27-42
29

These figures suggest that Molinia has a lower digestibility than a number of other
grasses during spring and summer, but where it is the dominant grass (as at Colony
Bog) will compete as a forage plant due to its accessibility. The figures for Calluna
depend very much the stage that the vegetation has reached, with pioneer and
building heather likely to be more digestible than mature heather, particularly in
winter. Birch browse is of poor digestibility throughout the year.
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Appendix 3.
Studies of red deer diet in European Forests.

In forests in Hungary, red deer diet was between 63-81% browse, with a wide range
of species chosen depending on availability. In winter where only the bark and twigs
of deciduous trees is available, 27% of the diet was made up of Pinus sylvestris and
P. nigra browse, although 42% of diet was other browse (including shrubs and tree
bark, with most of the remaining diet consisting of grasses (Mátrai & Kabai 1989). An
earlier review by Staines (1974) noted that pine browse was important in Denmark
and the Netherlands in late winter, was unavailable in much of the Scottish uplands
and was regarded as a starvation diet in Poland! Where many of the trees and shrubs
are introduced, red deer will adapt. In another Hungarian study Mátrai et al (2004)
found that they preferred black locust Robinia pseudoacacia to natives such as oak
and ash May-Nov, that elder and blackthorn were preferred in May-July and elder
also in Sept-Nov, while willow and hawthorn were mostly avoided throughout.
Herbs, grasses and cropped alfalfa made up most of the remaining diet.
In floodplain forests in Czechoslovakia, Prokešová (2004), using faecal analysis,
found that woody browse constituted between 49% (Aug-Sep) to 85% (Apr-May) of
all diet by volume with grasses making up most of the remainder except during AugNov when animals moved out into the nearby farmland and between 11-18% of their
diet was crop grains. This regular shift by animals out of the forests and onto
agricultural land has also been recorded in Hungary where movements were regular
in June over the period of the six year study (Szemethy et al 2003). This study
recorded that 65% of the diet of animals in the forest was browse (including R.
pseudoacacia, Pinus ssp. P. spinosa and S. nigra), but that even on the agricultural
land, 44% of the diet was tree browse . Prokešová et al (2005) recorded that the
proportion of browse in the diet increased during periods when the ground was
covered by snow, and that conifer browse increased in all areas where it was present.
Gebert & Verheyden-Tixier (2001) carried out a European literature review of red
deer diet based on rumen analysis, and found records of 145 plant species which
were eaten. Based on this review a generalised picture of red deer diet has been
abstracted and is shown in Table 15.
•

A Correspondence analysis separated the three main habitat types from the
13 studies which were reviewed, mixed coniferous and mixed deciduous
woodland and moorland, with Calluna and Vaccinium associated with the
moorland and leaves, seeds and fruits, twigs and bark and Rubus ssp. and
ferns with the deciduous forests. Between these, the coniferous forest linked
to the occurrence of grasses and herbs. There were no clear seasonal
differences overall in the data, but subsequent ANOVA analysis picked out
some significant differences.
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Table 15 Overall diet of red deer as mean percentage of rumen content (from Gebert & VerheydenTixier 2001).

Food Items
Conifer needle browse
Deciduous leaf browse
Seeds & fruits
Twigs & bark
Calluna & Vaccinium
Other dwarf shrubs
Herbs
Cultivated herbs
Grasses & sedges
Rubus ssp.
Ferns
Mosses & fungi
Other

Mean
8.9
10.2
4.7
4.4
23.3
3.3
5.7
0.9
28.6
1.5
1.3
1.6
6.0

SD
11.7
13.7
12.1
9.5
21.9
6.4
8.1
2.7
21.0
4.5
2.4
3.2
7.1
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Appendix 4.
Deer studies in Scotland

Working with red deer in Scotland. Osborne (1984) looked at percentage use of
swards on Rhum, separating out stags and hinds and recording percentage time
spent on different habitats during summer and winter (Table167). He found that
stags spent about 60% of their time on Calluna-Trichophorum swards, about 20% of
their time on Molinia swards and less than 10% on Agrostis-Festuca swards
throughout the year, with about 10% on Nardus in winter and about 15% in summer.
Hinds spent about 45% of their time on Calluna-Trichophorum through the year,
35% in winter and 20% in summer on Molinia, and between 12% (winter) and 18%
(summer) on Agrostis-Festuca swards. These results concur with the observations of
Staines et al (1982) that in winter, stags eat more Calluna and less grass than stags,
and that hinds eat more fine leaved grasses (D. flexuosa in that study) and occupy
more fertile ground than stags.
Table 16. Use of swards by red deer stags and hinds in summer and winter in the West Highlands of
Scotland (from Osborne 1984).

Sward Type
Agrostis-Festuca
Molinia
Rushes
Mat grass
Calluna-Deer grass.

% use by stags
Winter
Summer
5
8
23
17
3
1
9
14
62
60

% use by hinds
Winter
Summer
12
18
35
20
3
4
4
12
47
46

A more detailed study on Rhum by Gordon (1989) made sightings of deer on a
variety of habitats and compared these to the availability of these habitats within the
study area. The study was conducted over a year, and split observations between
hinds and stags as before. The author categorised each set of percentage sightings for
each habitat under neutral, avoidance or preference, weak or strong (Table 17). His
results suggested that hinds selected for Agrostis-Festuca grasslands throughout the
year and herb rich heathlands in all seasons except summer. They weakly selected
for marsh communities in winter and summer and strongly for dry heath in winter
and weakly for Nardus in spring. They avoided all other habitats either weakly or
strongly, including Molinia grassland. Stags made much the same choices, but
selected for Molinia grassland all year except in winter and Schoenus fen all year
except in spring.
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Table 17. Percentages of feeding sightings and selection indices of red deer stags and hinds for
vegetation communities on Harris in four seasons (from Gordon 1989). (Selection indices: Neutral ±,
Strong avoidance =, weak avoidance -, weak selection +, strong selection ++).
Winter
Hind

Stag

Spring
Hind

Stag

Summer
Hind

Stag

Autumn
Hind

Stag

Mesotrophic Grasslands
Sp-rich Agr-Fest
Sp-poor Agr-Fest
Herb-rich heath
Marsh

0.3=
28.2++
34.5++
3.1+

6.2 ±
7.3+
38.2++
5.5+

9.7+
25.0++
24.2+
0.8-

6.1±
22.0++
31.3++
8.1+

11.1+
63.9++
9.74.2+

0.0=
10.3+
19.2+
0.0=

1.1=
27.6++
22.1+
1.4 ±

4.816.2++
35.8++
2.6 ±

Oligotrophic Grasslands
Molinia
Schoenus fen
Wet heath
Dry heath
Blanket bog
Nardus heath

1.7=
2.6=
11.2=
18.4++
0.0=
0.0=

6.518.5+
12.0=
4.20.4=
0.0=

0.0=
8.121.818.40.0=
0.0=

13.8+
8.57.7=
1.2=
1.2=
0.0=

1.4=
6.92.8=
0.0=
0.0=
0.0=

16.6+
35.9++
17.90.0=
0.0=
0.0=

3.6=
22.122.70.0=
0.0=
0.0=

2.2++
17.5+
8.7=
4.40.0=
0.0=

In a further study on Rhum, Charles et al (1977) found that hinds used herb-rich
Agrostis-Festuca grasslands most in summer, flushed grasslands Molinia grasslands,
Juncus marsh and Schoenus flushes most in winter and species-poor grasslands
throughout the year. Few stags used herb-rich grasslands, but fed more on flushed
grasslands and wet heaths and bogs than hinds.
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Appendix 5.
Studies of browsing effects on tress and shrubs.

A general review of the effects of deer grazing on trees and shrubs, based on ten
European exclusion studies of woodland grazing by several deer species was carried
out by Gill & Beardall (2001) Table 18).
Gill (2000) notes elsewhere that in lowland Britain, oak, ash, hazel, rowan and
willows are the most vulnerable, and are the most likely species to be reduced or
eliminated by heavy browsing. He notes that birch beech and alder are more
resistant. Both alder and aspen are browsed by red deer, and in the uplands, Scots
pine and birch are also vulnerable. Further details of these studies are given in
Appendix 3.
Table 18. The effect of exclusion of deer on relative abundance of woody plant species (from Gill &
Beardall 2001).

Percentage of cases
Abundance decreasing
Abundance increasing
under browsing
under browsing
pressure
pressure

N

Trees
Oak.
Willow
Hornbeam Carpinus betula
Rowan Sorbus aucuparia
Ash
Aspen Populus tremula
Birch.
Scots pine
Field Maple Acer campestre
Beech

100
100
100
91
83
83
70
60
60
54

17
30
30
40
38

24
10
8
11
6
6
10
10
5
13

Shrubs and climbers
Bramble
Ivy
Hawthorn
Honeysuckle

92
83
80
50

8
17
20
50

12
6
5
4
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