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Chapter 7:

Plant-herbivore interactions in sheep-grazed
mature birch woodlands

7.0 SUMMARY
Twenty-eight birch woodland sites grazed by sheep were searched for birch
regeneration.  Regeneration, defined as the presence of trees under 1.5 m in height,
was found in some form at roughly half the sites.  Regeneration was rare in sites
where sheep were the only domestic herbivore.
Seven sites with regeneration present and two without were selected for further
study.  At the regeneration sites, a maximum of 50 trees were marked and the
numbers of browsed and unbrowsed shoots on each counted at leaf-fall in
November (to estimate levels of summer browsing) and at bud-break in May (to
estimate levels of winter browsing).  At all sites, the numbers and types of grazing
stock present, the seasonal timing and length of grazing period were determined in
interviews with farmers/ land managers.
The seasonal pattern of browsing levels were related to overall seasonal Livestock
Units rather than to sheep Livestock Units, suggesting that tree browsing damage
is not due to sheep alone.
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7.1 INTRODUCTION

The long-term aim of the HSNW project is to demonstrate the integration of sheep

grazing within the woodland in Kirkton Glen, since this is expected to be beneficial

for biodiversity and for sheep production.  However, two related issues constrain

the introduction of sheep to the woodland.  First is the Woodland Grant Scheme

(Forestry Commission, 2001), under which the woodland was planted.  This

scheme requires that the woodland is maintained as a woodland for 10 years after

planting.  If the woodland was damaged by the introduction of sheep, the

establishment grant would be withdrawn.  Second, as the time since fencing

increases, the amount of dead standing material in the sward increases, making it

less palatable to sheep.  The longer that sheep are excluded from the woodland, the

greater the build-up of dead standing material is likely to be, which has

implications for the risk of browsing when sheep are introduced.

Complete exclusion of domestic herbivores is no longer assumed to be the most

appropriate form of woodland management (Mayle, 1999; Humphrey, 1998; Garin

et al. 2000).  Comparatively little work has been done in the field of grazing in

woodlands (Hulbert, 2002), but the presence of domestic herbivores is considered

to have beneficial effects for biodiversity (Mitchell and Kirby, 1990).  The shelter

and forage available in woodlands is also expected to be valuable to animals

(Mitchell et al. 1981).  The potential for increased rural economic activity resulting

from the integration of sheep grazing and woodland establishment highlights the

necessity for greater understanding of the processes of grazing and browsing in

woodlands.

Although sheep, cattle and horses are classified as ‘grazers’ rather than ‘browsers’

(Hofmann, 1989; Mitchell and Kirby, 1990) all three species have been observed to

browse on small trees and woody shrubs (Lombardi et al. 1999; Pitt et al. 1998;

Hester et al. 1996; Tolhurst and Oates, 2001).  However, it is thought that levels of

browsing by sheep are related to the ratio of availability of grazing:browsing
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(Clarke et al. 1995) and that where adequate alternative sources of grazing are

available, browsing damage by domestic stock will be minimal (Hulbert, 2002).

The over-arching aim of the Hill Sheep and Native Woodland Project (Hulbert et

al. 1999) is to understand and develop methods for successfully integrating sheep

grazing within upland birch woods.  A pilot site has been established at the SAC’s

Hill and Mountain Research Centre, Kirkton, where 217 ha of upland birch and

pine woodland have been planted.  Within the next few years sheep will be re-

introduced to this woodland, and over the life-span of the planted trees, the aim is

to achieve sufficient natural regeneration to maintain the population.  To facilitate

the reintroduction of sheep and the subsequent natural regeneration of this

woodland, a survey was made of sites across the Scottish Highlands where mature

and regenerating birch woodlands are grazed by sheep.

7.2 OBJECTIVES

Objective: Increase understanding of the impact of sheep browsing on natural

regeneration of birch, and of the value of mature woodlands to sheep.

Sub-objectives:

1. Determine whether birch woodlands regenerate in the presence of sheep in the

Scottish Highlands.

2. Relate seasonal browsing levels to seasonal sheep stocking.

3. Determine the grazing value (in terms of quantity and quality of alternative

forage) of mature birch woodlands, regenerating areas, and open areas.

4. Relate alternative forage and numbers of animals present to browsing levels.
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7.3 METHODS

7.3.1 Selection of sites

A total of 28 sheep-grazed birch woodlands were visited to find sites with birch

regeneration (Table 7.1).  Of these, regeneration, defined as the presence of trees

taller than the surrounding vegetation and less than 2 m high, occurred at 13 sites.

Seven sites were selected for further study (Table 7.2; Fig 7.1-7.4).  The remaining

six sites with regeneration were not studied for the following reasons: farmer

retired and sheep were removed (Glackmore); stock removed (Achaphubil); close

to another selected study site (Lower Dell); too far east to be representative of

west-central highlands (Lary and Bush Farm); owner not contactable (Callert).  In

addition to sites with regeneration, two sites where regeneration was absent were

studied, to give information on the value of mature birch woodlands to sheep.

These sites were Coille Coire Chuilc and Kinloch Rannoch (Table 7.1; 7.2).  All

sites were identified by asking people with knowledge of Scottish woodlands, and

by visiting areas marked as deciduous woodland on Ordnance Survey maps.

7.3.2 Site Information

The information on stocking numbers and seasonal patterns of stocking, sheep

breeds and site areas was collected from farmers and site managers (Table 7.2).

Please note that the stocking rates given are for the grazing period only, and are not

average annual stocking rates.

7.3.3 Regenerating trees and browsing levels

At each site, a maximum of 50 small trees were measured.  Five transects were

established in areas of tree regeneration, with ten trees under 1.5 m in height

marked on each transect, using plastic coated wire and plant tags.  At sites where

regeneration was very limited in extent (Glen Stockdale and Easter Tulloch), 5

trees were marked on each of three transects.  The following variables were
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recorded on each tree in November (leaf-fall) and May (bud-break): height, span,

total number of live long-shoots, number of browsed live long-shoots, basal

diameter (Jones and Harper, 1987).  Shoots (woody material of one year old or

less) of Betula spp. can be divided into two types: long and short shoots (Jones &

Harper, 1987).  Long shoots bear many daughter buds and have the potential to

increase by several centimetres in a growing season.  Short shoots have only one

daughter bud and do not increase by more than a few millimetres in a growing

season.  As short shoots do not contribute to the tree architecture (Jones & Harper,

1987), browsing on short shoots is not thought to have a large impact.  Therefore

only live long shoots were counted.  A note was made of trees with a topiaried

form (compact and bush-like due to the frequent browsing) (Fig 7.5), and on these

the number of browsed and unbrowsed shoots were counted in three 10 x 10 cm

samples (one at the top of the tree, one on the side and one at the base) (Rackham

& Moody, 1996).  The measurements taken in November give an indication of the

browsing levels during the summer, and the measurements in May give an

indication of the browsing levels during the winter.  The height and type of

vegetation surrounding each tree was also recorded.



167

Table 7.1. All sheep-grazed woodlands visited to find suitable sites to study the
effect of grazing on birch regeneration.  The presence of regeneration is given in
the column Regen. (Y: present, N: absent) together with the tree species.  The
grazers present were S: sheep, D: deer, C: cattle, P: ponies.  Sites that were studied
further (Study site) were classified as r: regenerating, n: not regenerating.
Site Name Area Grid

Reference
Regen. Regen.

Species
Grazers Date

visited
Study

site
Achaphubil Fort William NN 091 756 Y birch S,D 17/08/01
Annat Farm Fort William NN 074 775 N - S,D 14/08/01
Laggan Badenoch NN 657 934 Y birch S,C,D 11/10/00 r
Bush Farm Deeside NO 261 974 Y birch S,D 24/05/00
Callert Kinloch Leven NN 117 617 Y birch S,D 25/09/00
Calvine Pitlochry NN 776 674 Y birch S,D 18/07/00 r
Claish Dearag Oban NM 935 318 N - S,C 23/04/00
Coille Coire Chuilc Tyndrum NN 334 277 N - S,D 27/09/00 n
Corrimony Inverness-shire NH 340 300 Y birch S,P 14/10/99 r
Druim Mor Callander NN 637 093 N - S,D 16/07/01
Easter Tulloch Nethy Bridge NH 977 157 Y birch S,C,D 06/04/00 r
Gallin Farm Glen Lyon NN 548 454 N - S,D 13/08/01
Glackmore Blair Atholl NN 873 638 Y birch S,D 11/09/00
Glen Elchaig Dornie NG 942 294 Y birch S,C 16/08/01 r
Glen Finglas Trossachs NN 515 107 N - S,D 16/02/00
Glen Stockdale Appin NM 952 487 Y birch S,D 20/04/00 r
Inchdryne Nethy Bridge NH 973 167 N - S,D 07/04/00
Kinloch Rannoch Pitlochry NN 655 573 N - S,D 11/09/00 n
Inveroran Blackmount NN 285 418 N - S,D 25/09/00
Laikenbuie Nairn NH 915 525 N - S,C,D 15/10/99
Lary Glen Gairn NJ 338 004 Y birch S,C,D 22/09/00
Lower Dell Farm Nethy Bridge NH 015 195 Y birch S,C,D 07/04/00
Mains of Tulloch Nethy Bridge NH 973 154 N - S,D 06/04/00
Rassal Oakwoods Loch Carron NG 840 425 N - S,D 15/08/01
Spott, Glen Prosen Kirriemuir NO 344 645 N - S,D 26/09/00
Strathcarron Loch Carron NG 980 447 Y birch S,C 15/08/01 r
Strathcoil Mull NM 734 309 N - S,D 22/04/00
Tullochan Loch Tay NN 638 347 N - S,D 26/09/00
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Fig 7.1.  Calvine

Fig 7.2.  Glen Stockdale
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Fig 7.3.  Corrimony

Fig 7.4.  Strathcarron
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7.3.4 Available forage

The availability of alternative forage was assessed in September to provide

variables describing the overall grazing value of each site to herbivores.  Within

each site, the available vegetation was studied in representative areas of three

habitat types: mature woodland, regenerating woodland and open ground.  At sites

without regeneration, only mature woodland and open ground could be included.

In habitats dominated by graminoid communities, twelve 1 m long by 10 cm wide

biomass cuts were harvested using electric lawn clippers, cutting just above the

litter layer.  Each cut was 5 double paces (3.5 m) from the previous.  In the lab,

pieces of twig were removed and the proportions of live sward material, dead

material, leaf litter and moss in each sample were estimated by eye (Frame, 1993).

The sample was then oven-dried (80 �C) and weighed.  The weight of each sample

was scaled according to the amount of live sward material in it and the data were

presented as estimated live standing biomass in g m-2.  One hundred and twenty

sward heights were measured using the HFRO sward stick (Barthram, 1986) in the

locality of the biomass cuts.  These were measured during random walks (W

shapes), recording height, whether the hit was bryophyte, forb, grass, sedge/rush,

heath or bare ground, and whether live/dead and stem/leaf/flower.

Where the habitat type was dominated by heath communities, five areas of

approximately 20 × 20 m were selected within a representative heather stand.

Twenty measurements of the stand height were made in each 20 × 20 m area using

a heather stick (Egan et al. 2000).  To take each reading, the heather stick was

inserted vertically into the canopy and pushed down with light pressure until it

reached the substrate.  The height of the tallest heath shoot touching the stick was

recorded to the nearest cm.

Heather shoots available for browsing were counted using a piece of perspex with a

10 x 10 cm hole cut out of it.  In each of the five 20 x 20 m areas, the perspex

square was thrown 20 times, and the number of live, non-flowering shoots in the

top 10 cm of the canopy within the square  were counted.  Flowering shoots were



172

not counted as it was assumed that they are not selectively grazed by sheep since

flowers are very low in nutrients (Miller, 1979).  The fragmentation of the heath

stand was assessed on a qualitative scale, as follows: a - clumps of heather

surrounded by other vegetation, easily accessible; b - heather with numerous grassy

paths crossing it; c - heather with some paths, not grassy; d - heather without paths.

In addition to this, the stand was classified as pioneer, building, mature or over

mature.

7.3.5 Herbivore utilisation

Relative herbivore utilisation was based on dung counts, made using the methods

of Latham et al. (1996).  Each site was surveyed by walking eight 100 m transects

in the three habitat types in which alternative forage availability was measured:

open ground, regenerating woodland and mature woodland.  The standing crop of

dung pellet groups of sheep, red deer, roe deer, cattle and ponies falling within

0.75 m of the centre line were counted.  Dung pellet groups were defined for sheep,

deer and ponies as a group of at least 6 faecal pellets.  Individual cow pats were

counted as one pellet group.  The presence of hare and rabbit dung was noted but

not counted.  Due to the patchy and limited extent of regeneration at most sites,

transects in areas of regeneration also had to include some open ground.  For this

reason, it was not possible to randomise the locations of transects.  Instead, they

were positioned by identifying representative areas of vegetation and walking

transects through these, taking care not to re-cover the same ground twice.

Animal density can be estimated from pellet group density by dividing by the

product of the daily defection rate multiplied by the faecal decay rate (Latham et al.

1996).  However, decay rates vary depending on factors such as weather, habitat

type, soil moisture content and dung beetle activity.  As neither habitat- nor

species-specific faecal decay rates were available, pellet group density (the number

of pellet groups per ha) could only be used as a very crude index of the relative use

by herbivores.  Furthermore, although the observer was trained to distinguish

between sheep, red deer and roe deer pellets, trials have shown that even
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experienced observers do not distinguish between red deer and sheep pellets at a

rate better than chance (A. Hester, pers. com.).  Therefore distinctions between

sheep, red deer and roe deer pellets should be treated cautiously.

7.3.6 Stocking rates

The relative seasonal stocking level was calculated by multiplying the sheep and

cattle/pony stocking rates by the number of months the animals were present and

by the livestock units.  November browsing levels were related to summer stocking

rates while browsing levels in May were related to stocking over winter.  For

sheep, the livestock units were taken as 0.08, for cattle 0.65 (Chadwick, 1997) and

for Shetland ponies 0.4.

7.3.7 Factors affecting browse levels

Data on each of the variables of interest were included in an analysis of the factors

affecting seasonal browse levels.  The variables were: i) individual tree variables

(height, basal diameter, height above surrounding vegetation, tree span, whether or

not the tree was topiaried), ii) variables describing the alternative forage available

(proportions of the site covered by pasture and mature woodland, whether the

vegetation was grass or heather dominated, the average vegetation height within the

regenerating areas, the standing live biomass in the woodland habitat), iii) variables

relating to stocking density and relative herbivore utilisation (sheep, cattle and

pony livestock unit days per hectare, deer dung density).  J. Milner used a logistic

regression mixed model approach (GLMM) in Genstat (Genstat 5 Committee,

1993) using a logit link function, with the explanatory variables fitted as fixed

effects and site/tree_id fitted as random effects, to explore which variables were

most important in explaining variation in the number of browsed shoots.  Non-

significant terms were sequentially dropped from the model until only significant

terms remained.
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7.4 RESULTS

7.4.1 Presence of regeneration

Of the 28 birch woodlands grazed by sheep, almost half showed some level of

current tree regeneration (Table 7.1).  This indicates that the presence of sheep does

not prevent tree regeneration.  However, few of the sites grazed by sheep and wild

herbivores alone had regeneration, suggesting that disturbance by larger domestic

stock plays an important role.

7.4.2 Regenerating trees and browsing levels

There was considerable variation in tree characteristics between sites (Table 7.4).

Tree heights were tallest at Glen Stockdale, Laggan and Calvine, and shortest at

Glen Elchaig.  All marked trees at Easter Tulloch were topiaried, as were 70 % of

those at Laggan.  Most trees at most sites had no leader shoot.  The percentage of

tree shoots browsed during summer and winter varied from 3 % to 53 %

(Table 7.5), varying both between the seven sites and between the two seasons

(Fig 7.6 a; significant site.season interaction F1,6=4.60, P<0.001).  Significantly

more shoots were newly browsed in November, at the end of the summer grazing

period, than in May (F1,1=5.02, P=0.025).  At sites with topiaried trees, more of the

live long shoots were browsed.  However, there was no apparent relationship

between the distribution of topiaried trees and sheep stocking rates.  Sheep

Livestock Unit days ha-1  (S LU d ha -1) varied from 0 at Corrimony in May and

Easter Tulloch in November to 36 at Calvine in May  (Table 7.3).  Cattle and pony

Livestock Unit days ha-1 (C+P LU d ha-1) varied from 1.4 at Corrimony (the only

site with ponies present) to 130 at Easter Tulloch in November.  By comparing the

seasonal patterns of browsing levels and stocking patterns it can be seen that the

presence of sheep did not relate well to increased browsing of regenerating trees

(Fig 7.6 a & b).  For example, browsing at Calvine in May was lower than at any

other site, despite having the highest over-winter sheep stocking rate, and the

highest November browsing levels were recorded at Easter Tulloch and Laggan
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where sheep were not grazed during summer.  Furthermore, the average number of

Sheep Livestock Unit days ha-1 over winter was approximately double the numbers

over summer, yet summer browsing levels were higher than winter levels.  This

suggests that tree browsing damage is not solely due to sheep grazing.

Table 7.3. Seasonal stock numbers and livestock units at each site.
S.LU d ha-1 = sheep livestock unit days per ha; C.LU d ha-1 = cattle livestock unit
days ha-1; P.LU d ha-1 = pony livestock unit days ha-1; Tot.LU d ha-1 = Total
livestock unit days ha-1.
Site Season No.

Sheep
S.LU d

ha-1
No. Cattle C.LU d

ha -1
No.

Ponies
P.LU d

ha –1
Tot.LU d

ha-1

Calvine May-Oct 60 7.2 0 0.0 0 0.0 7.2
Nov-April 60 36.0 0 0.0 0 0.0 36.0

May-Oct 426 11.8 0 0.0 0 0.0 11.8Coille Coire
Chuilc Nov-April 426 11.8 0 0.0 0 0.0 11.8

Corrimony May-Oct 150 2.7 0 0.0 10 1.4 4.1
Nov-April 0 0.0 0 0.0 10 1.4 1.4

May-Oct 0 0.0 40 130.0 0 0.0 130.0Easter
Tulloch Nov-April 45 10.8 40 26.0 0 0.0 36.8

Glen Elchaig May-Oct 270 10.8 25 8.1 0 0.0 18.9
Nov-April 270 10.8 25 8.1 0 0.0 18.9

May-Oct 315 9.5 0 0.0 0 0.0 9.5Glen
Stockdale Nov-April 315 9.5 0 0.0 0 0.0 9.5

May-Oct 60 9.6 0 0.0 0 0.0 9.6Kinloch
Rannoch Nov-April 60 9.6 0 0.0 0 0.0 9.6

Laggan May-Oct 120 4.8 60 58.5 0 0.0 63.3
Nov-April 120 14.4 60 58.5 0 0.0 72.9

Strathcarron May-Oct 460 15.1 10 2.7 0 0.0 17.7
Nov-April 460 15.1 10 2.7 0 0.0 17.7
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Table 7.4. Tree characteristics averaged for each site: basal diameter, tree height,
tree height above surrounding vegetation, span, percentage of trees with a topiaried
growth form and percentage of trees with the leader shoot present.
Site n Basal diam

(cm)
Tree ht
(cm)

Ht above
veg (cm)

Span (cm) %
topiaried

%  with
leader

Calvine 50 1.0 61 52 40 0 14
Corrimony 50 1.0 53 22 39 0 4
Easter Tulloch 15 2.8 59 47 64 100 0
Glen Elchaig 50 0.7 34 20 23 0 8
Glen Stockdale 15 1.3 69 52 52 0 0
Laggan 50 1.9 62 48 66 70 0
Strathcarron 50 0.8 54 13 33 0 2

Fig 7.5.  Topiaried trees near Blair Athol (Note: this site was not surveyed)
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Table 7.5.  Average percentage (and S.D.) of live long shoots browsed.  Sample
sizes as in Table 7.4.

Summer Winter Summer Winter
Site ‘00 ‘00/’01 ‘01 ‘01/’02
Calvine 3 (7) 4 (8) - -
Corrimony 13 (19) 16 (19) 4 (7) 6 (16)
Easter Tulloch 48 (16) 13 (8) - -
Glen Elchaig - - 28 (33) 29 (38)
Glen Stockdale 17 (13) 20 (17) - -
Laggan 53 (21) 39 (16) - -
Strath Carron - - 15 (20) 12 (19)

7.4.3 Available forage

Although the percentage cover of the three different habitat types (mature

woodland, regenerating woodland and open ground) varied between sites, five of

them followed a similar pattern: mainly rough grazing with small amounts of

pasture and mature woodland.  The other two sites had considerably more pasture

than the rest (Calvine and Easter Tulloch), and Easter Tulloch also had extensive

mature woodland (Table 7.2; Fig 7.6 d).

At all sites, the sward below mature birch was grass dominated, although the

biomass of grass under mature birch canopies was less than the biomass of grass in

open areas (Fig 7.7 a).  However, at three of the seven sites, the only extensive

grassy areas that occurred were below birch canopies, while the surrounding

ground was heath covered.  This gives the wooded areas a higher relative grazing

value to herbivores than the more open areas.

In habitats dominated by heather, average heather heights ranged from 16 cm in

regenerating areas at Glen Elchaig to 48 cm at Strathcarron (Fig 7.7 a).  Average

heather shoot number in 10 cm squares (Table 7.6) ranged from 16 in open areas at

Corrimony to 30 in open areas at Laggan.  Sites where the heather had many

shoots, where it was predominantly in the vigorous growth phase (e.g. Kinloch

Rannoch and Glen Elchaig (Table 7.7)) and where the stands were most
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fragmented (e.g. Laggan, Kinloch Rannoch and Glen Elchaig (Table 7.7)) would

provide the best and the most accessible alternative forage.

Table 7.6.  Mean (and S.D.) heather shoot number in heath dominated areas.
n=100.

Site Beneath mature
birch

In open ground In areas with tree
regeneration

Corrimony - 16 (10) 23 (10)
Glen Elchaig - M 23 (7)
Laggan - 30 (12) 19 (11)
Strathcarron - 21 (7) 20 (7)
‘-‘ indicates area dominated by grass not heather; ‘M’ indicates data missing.
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Table 7.7. Number of areas falling into each category of heather fragmentation and
growth phase out of five 20 m x 20 m stands in heath dominated areas at each site.
Heather fragmentation scored a: clumps surrounded by other vegetation, easily
accessible; b: with numerous grassy sheep paths; c: with some paths, not grassy; d:
without paths. Heather growth phase, p: pioneer, b: building, m: mature, d:
degenerate.

Heather fragmentation Heather growth phase
Site Habitat a b c d p b m d
Corrimony open 2 3 3 2

regen 5 5
Glen Elchaig regen 5 5
Kinloch
Rannoch

open 1 4 5

Laggan open 4 1 1 4
regen 5 5

Strathcarron open 1 3 1 1 3 1
regen 4 1 2 2 1

7.4.4 Herbivore utilisation

Sheep dung pellet group counts were not particularly well correlated with sheep LU

d ha-1 (Table 7.8).  Deer pellet groups were observed at all seven sites, though at

Calvine numbers were very low (Fig 7.6 c).  Lagomorph pellets were noted at four

of the sites (Table 7.1).  Deer dung was generally less common than dung of

domestic stock.  The range in counts of deer pellet groups was also small (1 at

Calvine to 25 at Strathcarron) compared with the range for pellet group counts of

domestic stock.  The numbers of deer pellet groups counted do not show any

obvious relationship with the proportion of browsed shoots.

Table 7.8. Correlation (r) between dung pellet group counts and LU days ha-1 for
groups of domestic species.
Species Groups r
Sheep 0.46
Cattle/Pony 0.84
All domestic 0.18
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Dung pellet densities (Fig 7.8) suggest that sheep used the grass dominated habitats

at Coille Coire Chuilc, Calvine, Easter Tulloch and Glen Stockdale more than the

other herbivore species.  By contrast deer favoured the heath dominated areas.

While in most cases especially in heath dominated areas, sheep dung pellet

densities were greatest in the open areas.  Differences in herbivore use between

habitat types were not significant because of the wide variation in dung densities in

all habitats.
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Fig 7.8. November dung counts for: a) sheep; b) cattle and ponies; c) red and roe
deer in three habitat types (beneath mature birch canopy, in open ground, and in
areas with tree regeneration) at each of the sites.  CC: Coille Coire Chuilc; Cl:
Calvine; Co: Corrimony; ET: Easter Tulloch; GE: Glen Elchaig; GS: Glen
Stockdale; KR: Kinloch Rannoch; La: Laggan; SC: Strathcarron.
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7.4.5 Factors affecting browse levels

Unsurprisingly, livestock stocking rates were highly significant factors affecting

the number of browsed tree shoots (Table 7.9).  The seasonal stocking patterns

meant that both cattle LU days ha -1 and sheep LU days ha -1 interacted with

season, browsing being heavier during the summer than the winter.  Browsing

appeared to increase more with increased sheep stocking rates during summer than

winter and to increase more sharply with summer sheep stocking than summer

cattle stocking.  However, site and grazing treatments were confounded which

complicates the interpretation of the results.  Pony LU days ha -1 showed a negative

relationship with browsing.  However, this arose as ponies were only present at

Corrimony; the pattern is a site effect not a reflection of the effects of pony

browsing.  The most significant term affecting browsing level was whether or not

the tree was topiaried, as topiaried trees have significantly more browsed shoots

than trees with other growth forms (Table 7.9).  The other tree characteristic that

significantly affected its probability of being browsed was its span.  Wider, more

bushy trees have fewer browsed shoots than narrow ones.  This effect arose partly

from the positive relationship between tree span and the total number of shoots

present.  There was no effect of tree height or its height above surrounding

vegetation.  None of the terms describing the alternative forage available explained

any additional variation.  The model explained about 36 % of the total deviance in

shoot browsing.

Table 7.9. Terms explaining significant deviance in shoot browsing levels in
GLMM model with site/tree_id fitted as random effects.  Wald statistic has
approximately �2 distribution.
Term Parameter

estimate
S.E. Wald statistic df P

Constant -1.52 0.27
Topiaried 1.04 0.21 24.14 1 <0.001
Sheep LU days ha-1 0.006 0.016 20.69 1 <0.001
Cattle LU days ha-1 0.032 0.004 17.58 1 <0.001
Pony LU days ha-1 -2.58 0.62 17.48 1 <0.001
Cattle LU days ha-1 . Season 0.018 0.004 16.04 1 <0.001
Season (Nov) 0.514 0.165 9.73 1 0.002
Tree span -0.005 0.002 5.79 1 0.016
Sheep LU days ha-1 . Season 0.066 0.030 4.90 1 0.027
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7.5 DISCUSSION

Regeneration was found in about half of the 31 sheep grazed Highland woodland

sites visited.  This agrees with the results of a survey of randomly selected birch

woodlands in Highland region by Fenton (1984), which found that of 15

birchwoods showing evidence of some level of grazing by sheep, nine were

regenerating throughout the area (except where the canopy was closed), four were

regenerating at the edges of the woodland, and only two showed no sign of

regeneration.

The areas of regeneration found in this study were generally at or near the edge of

mature woodlands.  Only two sites were found where regeneration occurred under

grazing by sheep alone.  Sheep have a smaller trampling impact than cattle

(Cohron, 1971, cited in Mitchell & Kirby, 1990), and are therefore unlikely to

create enough disturbance to allow birch seed to reach the ground and become

established.  At all sites, very few if any of the trees had straight, unbrowsed

leaders, and at some sites many of the trees had developed a contorted, topiaried

form.  Only trees in the centre of dense patches of regeneration, where they are

protected from herbivores by their neighbours, have a chance to develop straight

stems (sensu Vera, 2000).  It is surprising that browsing levels were not

significantly affected by the height of trees above vegetation, since studies on deer

browsing levels have showed that saplings that were  considerably taller than the

surrounding vegetation are browsed more (Miller et al.1982).  The absence of a

significant result may relate to one of three factors: i) only trees already above the

surrounding vegetation were selected for study; ii) a trend may have been masked

by the interaction of other factors; iii) sheep may not target saplings as a food

source to the same extent as deer.

Browsing levels on trees were generally higher following summer than winter

grazing, once stocking rate was controlled for.  This is likely to reflect the greater

attractiveness of tree shoots during the growing season when they are leafy and

agrees with findings from other studies (Miller et al. 1982; Mitchell et al. 1996).
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Both sheep and cattle stocking rates explained significant variation in browsing

levels, but our crude index of deer utilisation did not.  The exact nature of the

seasonal interactions between sheep and cattle numbers and browsing levels were

not clear.  This was because the seasonal grazing treatments were invariably

confounded with site making it difficult to tease these effects apart, despite using a

mixed model analysis approach.  One other published study has examined the

effects of season and intensity of sheep grazing on birch regeneration (Hester et al.

1996).  The results from their study were complicated, with saplings in the winter-

grazing treatment being browsed more often than those in the summer-grazing

treatment, but the greater number of saplings in the winter-grazed plots suggested

that summer browsing may be more detrimental than winter browsing.  Further

controlled experiments with different intensities and seasons of grazing within the

same woodland would improve our understanding of the factors affecting seasonal

browsing damage.

The processes relating to browsing of regeneration are likely to also depend on the

availability, quality and species of alternative forage (Miller et al. 1982; Hester &

Miller, 1995).  Five of the seven sites had a similar pattern of habitat types: large

areas of rough, low quality grazing (dominated by heather or purple moor grass);

limited areas of woodland; small areas of pasture.  Only two of the sites (Calvine

and Easter Tulloch) had more pasture than rough grazing.  At all sites the sward

below mature birch canopies was dominated by palatable grasses (e.g. Agrostis sp.,

Deschampsia flexuosa, Anthoxanthum odoratum).  The standing biomass of the

swards below mature birch was low (25 to 60 g DM m-2) compared to that of open

areas (60 to 160 g DM m-2).  However, the palatable grasses that occur below birch

canopies are of higher grazing value than the heather and purple moor grass of the

open areas.  Although low in biomass, the grazing value of swards below mature

birch canopy was therefore high relative to the site as a whole.  Surprisingly, none

of the variables describing the availability of alternative vegetation explained any

significant variation in browsing levels.  This may have been because measures

were made at a different spatial scale from those of the trees and consequently were
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difficult to include in the model of individual tree browsing without losing a lot of

information.
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7.6 CONCLUSIONS

To conclude, it can be said that:

1) Tree regeneration is possible in the presence of limited sheep grazing, if there is

sufficient disturbance to allow seedlings to establish, and if sufficient other

forage is available to limit the levels of browsing by sheep and other stock.

2) Birch woodland provides good resources for limited livestock grazing,

especially on upland sites dominated by heather or purple moor grass.

3) The effect of seasonality of sheep grazing is complicated, and further work

needs to be done at sites where sheep are the only herbivore present to

determine the importance of seasonality.


