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'When we try and pick out anything by itself, we find it hitched to everything
else in the universe’'.

John Muir (1911). My First Summer in the Sierra.

Fire is a good servant - but a bad master.

Finnish proverb

'L love deadlines; especially the whooshing noise they make as they go by.’

Douglas Adams
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Abstract

The wet and mild climate in north-west Scotland has resulted in a landscape dominated by wet
heath and blanket-bog vegetation. Blanket bog is of high conservation value, but of poor
agricultural quality. Along with wet heath, it is used as extensive grazing for sheep and deer and,
over these large unfenced areas, fire is one of the few viable management options available to
estate managers and crofters. Fire in these areas is used to promote the rapid spring regrowth of

grass and sedge species (the ‘early bite’), in contrast to the better-known grouse moor (dry
heathland) fires where regeneration of Calluna vulgaris is the aim. The characteristics and

effects of management fires in blanket-bog vegetation are virtually unknown, and this lack of
knowledge is reflected in the almost universal recommendation of conservationists that blanket-
bog vegetation should not be burnt at all, or that burning should be minimised. Information

about the management fires themselves, and their effect on the blanket-bog habitat, is therefore

required in order to refine burning guidelines in accordance with the management objectives.

This thesis firstly describes the background to the use of fire in north-west Scotland, putting fire
in the context of a changing landscape and culture. Using fires from the spring of 1996, 1997
and 1998, the fuel complex is described, and equations to predict fuel load from pre-fire survey
variables are presented. The results emphasise the very high spatial variability in fuel load, and
this is in turn reflected in the variability in fire temperature regimes and in estimates of fire
intensity. The usefulness of different fire characteristics is discussed with respect to possible
objectives for fire studies, and the importance of appreciating the different spatial and temporal

scales at which various processes and fire effects operate, and at which fire characteristics

should be measured, is stressed.

The effects of fire on the Sphagnum layer are described with respect to fuel availability, grazing,

and position, and the recovery of the Sphagnum followed for up to three years after bumming. The

regrowth rates of the two most important vascular species, Calluna vulgaris and Molinia
caerulea, are compared under grazing and no-grazing treatments. The considerations for and
against burning blanket bog are reviewed, and recommendations for management of prescribed

burning given. The urgent need for further research into fire characteristics and effects in the UK

1s stressed, with recommendations made for the areas most in need of further study.
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Plant nomenclature

Vascular plant species names follow Stace (1999), and bryophyte species names follow Smith
(1980).
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Chapter 1 BLANKET BOG HISTORY AND MANAGEMENT, AND
FIRE ECOLOGY

1.1 Introduction to the blanket bog habitat

The overall aims of this thesis are the description and quantification of management fire
characteristics and the initial recovery of the main vascular species and the Sphagnum layer in
blanket-bog vegetation in the north-west of Scotland. The intention is that the results and

conclusions should be used to inform current and future management practices. Land
management and the ecology of the overall habitat do not exist in isolation, in that both are
interlinked and each has an associated history of evolution over time. It is therefore relevant to

begin a review of blanket-bog management and fire ecology with a brief history of the habitat

and 1ts management.

1.1.1 Extent, distribution and origins

There are several different types of peat-forming ecosystem, and this study concerns what are
termed blanket bog or blanket mire habitats. The terms ‘mire’ and ‘bog’ are both used to refer to
peat forming ecosystems. Tallis, Meade & Hulme (1998) argue for the use of the description
‘blanket mire’ but the more traditional and widely used term ‘blanket bog’ has also been
recommended (Wheeler & Proctor, 2000), and is used hereafter. The dominant type of bog in
Britain, and particularly in Scotland, is ombrotrophic bog, where the supply of water and

nutrients are derived solely from precipitation. Of the two types of ombrotrophic bog, blanket

and raised, the former is by far the most extensive.

Peatlands cover some 500 million ha (3%) of the Earth’s surface (Bellamy, 1995), with blanket
bog estimated to cover 10 million ha (Lindsay et al., 1988). The extent of blanket bog in
Scotland depends on the definition adopted — for example Moore & Stephenson (1998) refer to
1 500 000 ha of ‘blanket peat’, whereas the area of peat >1 m in depth is estimated at

1056 000 ha or 13% of the total land area (Coupar, Immirzi & Reid, 1997). This latter estimate
1s 71% of the total UK blanket bog resource, 47% of the UK and Ireland total, and over 10% of

the world resource. Blanket bog occurs where there is high precipitation, spread over the year,



and low evapotranspiration. Other requirements, listed in the review by Lindsay et al. (1983)
include low mean temperatures, a small temperature range, low angle of slope, and (of lesser
importance) a substrate with low pH and base content. The distribution of blanket bog therefore
shows a strong northern and western bias (Figure 1.1) as a result of the colder and wetter climate
in the north and the increasing oceanicity in the west (Ratcliffe & Thompson, 1988). The
importance of the latter gradient in determining plant community distribution has been

emphasised by Brown, Birks & Thompson (1993) and by Nolan & Robertson (1987).

Figure 1.1. Peat deposits and isopleths for the annual average number of rain days (1901 -
1930) across Scotland. A rain day is defined as a 24-hour period during which at least

2.5 mm of precipitation is recorded. From Lindsay et al. (1988).
Bogs are formed via two main pathways, paludification and terrestrialisation (Lindsay, 1995;
Birks, 1988). Both of these involve waterlogging, the consequent lack of plant decay, and the

subsequent accumulation of peat (partially decayed plant matter). Paludification is peat



formation directly onto a soil or rock substrate, and is the main process by which blanket bog

forms. A true bog is only formed once the peat is thick enough to prevent plant roots reaching
the mineral soil or rock and underlying groundwater table. Peat formation can occur on slopes of
up to 20°, and in extreme peat-forming conditions on slopes of 30° (Lindsay et al., 1988). As
well as being waterlogged much of the time, other properties of bogs include a low pH (3.5 -
4.5), low productivity, low decomposition rates, and a low floristic diversity (Lindsay, 1995) as
few vascular plant species can tolerate such conditions. Species of the genus Sphagnum are
usually widespread on blanket bogs, and are often the major constituent of peat. They can form
an extensive carpet over the bog, and as a result are the substrate through which other plants
grow. They hold water very effectively (up to 14 times their own weight), and are efficient at
mopping up nutrients that are deposited on the bog surface. The overall poor agricultural

properties of blanket bog have resulted in it once being described as a ‘wet desert’ (Lindsay et
al., 1988).

1.1.2 Conservation importance

Although covering large areas of Scotland, blanket-bog is a habitat in decline. The proportion of
Scotland covered by blanket bog is estimated to have dropped from 29 % in the 1940’s to 23 %
in the 1980’s (Mackey, Shewry & Tudor, 1998). This is a 21 % reduction in area, with losses

mainly due to afforestation and conversion to rough grassland and dry heathland (via drainage).

The various reasons for conserving peatland systems in Ireland are listed under scienttfic,

economic, cultural and moral headings by Watts (1990), and these headings apply equally to
Scotland. Blanket bogs are often thought of as species poor, however there is a growing
recognition of their conservation importance both nationally and internationally. Lindsay et al.
(1988) note that the British blanket bog and wet heathland habitats are unique because of the
extreme Atlantic influence on the flora and fauna. Indeed, Scotland is noted to contain ‘type’
examples of blanket bog, and this is reflected in the international opinion in favour of listing the
Flow Country (a large area of blanket bog) in Caithness under the World Heritage Convention
(Lindsay et al., 1988). The blanket bogs of Caithness and Sutherland as a whole are also
recognised within the UK for their importance, with Keatinge, Coupar & Reid (1995) suggesting
that half the remaining unafforested area of the Flow Country (175 000 ha) be granted SSSI
status. 40 000 ha of this area is already notified as such. Of the 38 mire and 28 heath

communities identified by Rodwell (1991), six are confined to the UK and seven are rare



elsewhere (Thompson et al., 1995). Among the ‘core’ objectives for conservation in the UK,

Thompson et al. (1995) include the restoration of dwarf-shrubs and bryophytes (especially

Sphagnum species) to blanket bog, with a reduction in burning recommended to further this aim.

The value of blanket bog habitat other than for the plant species and communities they contain

has received much attention, but as noted by Shaw et al. (1996) it is often difficult 1f not
impossible to distinguish the information relevant only to blanket bog. Sources of information
tend to cover all heathland and moorland habitats. The importance of blanket bog and associated
habitats (wet heath, dubh lochans, lochs, streams, sea lochs) for birds has been discussed by
many authors (Shaw et al., 1996; Usher & Thompson, 1993; Thompson et al., 1995; Stroud e?
al., 1987). The Flow Country alone contains significant fractions of the total EC breeding
populations of 11 species (Stroud et al., 1987), and is attributed with a ‘wider ecological
spectrum of breeding birds’ than any other moorland area in the UK. The invertebrate fauna has

also been a focus of attention (Shaw et al., 1996; Usher et al., 1993; Coulson, 1988), although

most of the information available relates to northern English sites and in particular to Moor
House National Nature Reserve (NNR) in Cumbria. However, Coulson et al. (1995) found that
the invertebrate fauna of the Flow Country is distinct from northern English sites, in particular
with respect to species assemblages. One of the main overall conclusions appears to be that
invertebrate diversity is favoured by spatial and temporal variation in the habitat, which in turn 1s
maintained by the appropriate burning, grazing and cutting regimes (Usher et al., 1993; Usher,
1995). Shaw et al. (1996) note that the mammal fauna on blanket bogs is neither particularly rich

nor rare, with the species present also being found in other habitats.

On a global scale, the peatlands of the world contain a large store of carbon, and the fate of this
carbon has implications for climate change. Within the UK, an estimated 115 million tonnes of
carbon are found in the vegetation, in contrast to 22 000 million tonnes stored in the soil
(Harrison et al., 1995). The vast majority of the soil carbon is found in peat and peaty soils, and
these in turn are mainly found in the north and west of the UK. Management of wet heath and

blanket bog in north-west Scotland may therefore have major implications for the carbon budget
of the UK as a whole.



1.1.3 Cultural and economic importance

The cultural heritage value of bogs is also an issue in considering their future management, and
1s stressed by Watts (1990) and Hamilton, Legg & Li (1997). Blanket bogs tend to be found in
areas with small and isolated local communities, supporting a way of life that is now valued. The
seasonal influx of tourists demonstrates this, as they travel to places such as the north-west of
Scotland for more than simply the scenery. Tourist perceptions are thus important, as tourists
are responsible for bringing in a sizable proportion of the income in otherwise economically
struggling parts of the country. As noted by Hamilton et al. (1997), the land in the north-west of

Scotland 1s of poor agricultural quality with most of the income derived from sporting interests

and heavily subsidised extensive sheep farming on estates, or from sheep farming alone in
crofting areas. Sporting interests are dependent mainly on red deer (Cervus elaphus) and fishing,

with generally low densities of red grouse (Lagopus lagopus) making grouse shooting in many

cases uneconomical. Despite the poor agricultural quality of the land, it supports a sizeable

proportion of the local people either directly or indirectly.

The anaerobic conditions found within the peat body are an ideal environment for the

preservation of various materials, referred to as the peat archive (Lindsay, 1995). These include
archaeological artefacts, indicators of climate, macrofossils (plant and animal remains), and
pollen and charcoal. These can provide valuable information about the development of the

habitat over time, which is of value in understanding the current state of the system. The
importance in understanding the origins and evolution of an ecosystem, in order to inform 1ts
current and future management, has been emphasised by many authors (Pyne, Andrews &
Laven, 1996; Ostlund, Zackrisson & Axelsson, 1997). The latter authors note that the ‘present
status and future development of ecosystems are dependent not only on general ecological
processes but also on their past status, and in particular, conditions of origin’. An understanding

of blanket bog development in north-west Scotland, and the role of man and fire, is therefore

relevant to understanding its current status and management.



1.2 Vegetation history and the role of fire in vegetation development

1.2.1 Post-glacial development

After the ice retreated at the end of the last ice age, tundra-type vegetation covered thin skeletal
soils. Extensive blanket bog formation did not start immediately, and Birks (1988) notes that
‘there 1s no general date or single cause for upland blanket-mire origin’. The overall
development of vegetation in these areas was more complicated, with pollen records indicating

that bog only developed in many areas after other vegetation types, such as woodland. However
Tipping (1994) notes the difficulties in attaching dates to woodland expansion or contraction,

and also questions exactly what is meant by woodland ‘cover’. This subject has also been
addressed by Fossit (1994) who emphasise the difficulty in identifying and interpreting the
pollen record. Nonetheless, tentative dates have been attached to major vegetation changes.

Between 10 000 and 8 000 BP (before present) the Scottish climate was perhaps at an optimum

for tree establishment, with higher than present insolation due to Milankovitch cycles (Birks,
1988). Slightly later than other areas due to the Loch Lomond Stadial (a re-advance of the ice),
north-west Scotland was successively colonised by many different tree species. The main
species and colonisation dates, estimated by Birks (1989), are: birch (Betula spp) ~9 750 BP;
hazel (Corylus avellana) ~ 9 500 BP; elm (Ulmus glabra) ~ 8 500 - 8 000 BP; alder (4/nus
glutinosa) ~ 6 500 — 6 000 BP; and oak (Quercus petraea) ~ after 6 000 BP. These dates show
when a “critical low density” was reached for each species (i.e. the density above which enough

pollen is produced and preserved for detection by pollen analysis) and indicate relative and

approximate dates of arrival.

In the case of Scots pine (Pinus sylvestris), Birks (1989) gives the arrival date in north-west

Scotland as 7 900 BP, however Bennett (1995) argues for Scots pine being widespread as far

north as Assynt by 8 800 BP. Birks (1988) puts Coigach/Assynt within a birch-hazel dominated
zone between 7 000 and 5 000 BP, although notes that  Pinus sylvestris was an important but not

dominant component in the Assynt, Inverpolly and Ullapool areas’. In contrast, Bennett (1995)

argues that between 8 800 and 4 400 BP Scots pine became more dominant. One interpretation 1s
that a mosaic of pine and birch/hazel woodlands existed, with mire in flatter areas and heathland

existing in woodland gaps and above the tree line. Bennett (1995) puts the arrival date of the first

farmers at around 6 000 BP and, probably using fire as an aid, they would have cleared trees to



plant crops and provide grazing areas for their animals. Prior to this date, the effect of man in the

area would have been local, with hunter-gatherers mostly scattered around the coasts. Between
5 000 and 3 200 BP what Bennett (1995) describes as a ‘patchy and irregular’ decline of Scots
pine occurred in the north-west. Others (e.g. Birks (1994), note a much sharper and shorter
decline, as shown by the abundant Scots pine stumps found under peat in the area, all dated
within a few centuries of each other at around 4 000 — 4 400 BP. At this time all tree species

appeared to be decreasing in range and/or abundance, resulting in a retreat of the range of Scots

pine to south of the Ullapool area by around 3 800 BP (Gear & Huntley, 1991). Bennett (1995)

proposes several possible mechanisms for this:
1. regional climate change, to one more storm-prone and oceanic;

2. volcanic eruption in Iceland resulting in acid deposition (see also Birks, 1994);

3. anthropogenic pressures (forest clearance, grazing animals);

4. pathogenic attacks;

5. change in fire regime.

Birks (1988) notes several lines of evidence for the first proposal, and there is an apparent
coincidence of the Scots pine decline and some volcanic deposits, supporting the second
proposal (Birks, 1994). However, Bennett (1995) queries why only Scots pine should be affected
by acidic deposition, and also notes that the decline in Scots pine seems too abrupt for
anthropogenic pressures to be the cause (the third proposal). He also highlights the lack of

evidence for the fourth option, and the avatlable charcoal record does not appear to support the

last. A possible synthesis may be that the spread of Scots pine to the north and west was onto
marginal sites for the species, aided at the time by favourable climatic conditions. A change to a
wetter climate around 4 000 BP (Birks, 1988) and increasing anthropogenic pressures resulted 1n
the species being unable to regenerate in these marginal areas. This date is also cited as the start
of much bog formation (Birks, 1988), and this would explain the preservation of many pine
stumps of a similar age. The first extensive, as opposed to local, forest clearance in the north-
west (again probably aided by fire) is thought to be around 3 700 — 3 900 BP, with further
clearances in north Sutherland at 2 600 — 2 100 BP (Birks, 1988). O’Sullivan (cited Smout,
1997) proposes that blanket mire had largely replaced forest prior to large-scale impact by
humans — humans may simply have reinforced what was already happening due to the climate.

In contrast, Lindsay ef al. (1988) note the suggestion that anthropogenic burning was a major

factor in removing the trees from the Flow Country. Whatever the cause, it appears that



widespread peat formation was starting or was already underway in many areas by 4 000 BP,

suggesting that bog and wet heath were widespread by this time.

Bunting & 'fipping (1997) studied a 6.8 m peat core taken behind a stormbeach ridge at
Badentarbat, close to the study sites for this thesis. It was examined for pollen and charcoal
remains, and adjacent field systems (on wet heath) were also examined. The results (Table 1.1)
show what appears to be a period of cultivation at the same time as the decline in Scots pine
(with fire probably used to clear vegetation). The site may then have been abandoned for some

time possibly due to waterlogging, and there is then evidence for several phases of renewed

human activity.

Table 1.1. Interpretation of results from core and field system examination at Badentarbat.
Summarised from Bunting & Tipping (1997).

Interpretation of core Field system interpretation
4 000 BP. 4 500-4 000 BP.

Pine decline, increase in charcoal (forest clearance?). Tilled mineral soil

Wetter species increasing (woodland and heath/bog)

3 200 BP.

Further increase in charcoal, increase in domestic

grazing

2 000 BP. 2 500 - 2 000 BP, Peat growth
Decrease in charcoal, reversion to bog communities (site | on field system site begins.
abandoned by humans?) Decline in human activity

1 600 BP.

Still little charcoal, but increase in cereals & herbs (due
to domestic grazing and/or crops)

850 BP. 1 100, 850 and 500 BP.
Increase 1n charcoal Renewed human activity, with
crops from 850 BP

Although the record shows wide fluctuations in the amount of charcoal deposited, there 1s
constant evidence of fire in north-west Scotland. The precise role of fire in the formation and
maintenance of mire communities may be unclear, but it is unmistakable that fire has played
some role throughout their history. Moores and Stevenson (1998) refer to the charcoal record
on Lewis as indicating ‘burning in these areas for millenia’. The history of the vegetation and
land use as a whole is not simple and the available evidence not easy to interpret, however the
story 1s of post- glacial development and succession of vegetation influenced by a changing
climate and variable human impact. The concept of a ‘climax’ vegetation ever having existed is

debatable. For example, even a few thousand years of birch/hazel forest would have resulted in



soil change, and if the human and/or climate-forced change to wet heath and bog had not

occurred, a change toward another vegetation type undoubtedly would have.

1.2.2 Vegetation and land use after 1600

One view (Birks, 1988) is that almost complete woodland clearance in north-west Sutherland
only occurred in the last two to three centuries. However Smout (1997) presents evidence from
the first maps and surveys of the Highlands in the mid-1600’s that indicates that much of the
land was already bereft of woodland cover by this time, and presumably was much as we see it
today. Fenton (1997) proposes that “....much of the Highlands have been virtually treeless for,
say, 4000 years.” Walter & Kirby (cited Smout, 1997) propose that only 4 % of the land surface
of Scotland in the Middle Ages was covered in woodland. At this time the goat was an important
domestic browser/grazer, and Smout (1997) notes that in 1698, 100 000 goat skins were
exported from Scotland to London. The other main domestic animals would have been cattle,
horses and small sheep. A survey of ten farms in Assynt in 1799 showed a cattle to sheep ratio
ranging from 4:5 to 1:5, with a mean of 1:3 (Smout, 1997), demonstrating the rise in importance
of cattle from the late seventeenth to early eighteenth century (Dodgshon, 1994). This was
reflected in the large numbers of cattle exported to England, an average 20 — 30 000 per year by
the end of the 1600’s (Whyte, 1979). Although Smout notes that Cheviot sheep became
important in Highland land-use around 1760, they may have taken longer to become established

in the north-west Highlands. During this time, the bog and wet heath areas would have been used
as a source of peat for domestic fuel, turf for fertilising inbye land (Dodgshon, 1994), and for
extensive grazing, with burning used to promote vegetation regeneration. It is not known
whether fire at this time was used in a haphazard fashion, or whether there was some degree of

sophistication in its use. Darling (1955) argues that the decline in cattle numbers and rise 1n

sheep numbers at this time was accompanied by an increase in burning, leading to what is

described as a regime of ‘unbalanced grazing and fire.’

Although changes in the Highland economy and population were ongoing, the increase in
importance of sheep accompanied a decline in the numbers of people on the land. After the
“unsuccessful 1745 uprising, many Highland clans lost their land to the Crown. The new owners
(and many of the clan chiefs remaining) were not willing to uphold the old system of receiving

rent ‘in kind’ from tenants, and increasingly looked to the introduction of sheep in large numbers

for an income (Dodgshon, 1998). To make way for the sheep many people were cleared from the



land, especially from the fertile inland straths. They were either forced to emigrate, or move to
the industrial areas for employment, or they tried to make a living on the coast. The latter option
resulted in the crofting system which exists today. Alongside this new emphasis on sheep, fire
would still have been used as a management tool, and it is because of combined burning and

heavy grazing that Calluna vulgaris (hereafter referred to as Calluna) is thought to have started
to decline, in the mid eighteenth century according to Birks (1988). The decline in Calluna,
which continues today, is currently of concem to nature conservation (Thompson et al., 1995).
On both the estates and common grazings the land use since the mid-18™ century has probably
changed very little, with sheep still the main source of agricultural income and management

practices very similar. However the system is entirely dependent upon the Government subsidy

for hill farming, even more so after the crash in sheep and lamb prices in 1998.

The current economic climate combined with proposed changes to the subsidy system (for
example, reducing the sheep subsidy) could mean changing land use objectives for these areas,

and consequent changes in the burning and grazing regimes. However, understanding the etfects

of changes in land management requires an understanding of the current management.

1.3 Current management of blanket bog vegetation, and the role of fire

1.3.1 Management objectives

The main land use for blanket bog, on both privately owned estates and croft land, is extensive
grazing for sheep. Such areas are commonly referred to as ‘outbye’, ‘common grazings’, or ‘hill
grazings’. Due to the extensive nature of the grazing, blanket bog areas are not usually managed

as separate units, but as part of larger areas incorporating other habitat types. Many of these

areas are also used for deer stalking, and to a much lesser extent for red grouse shooting. Nature

conservation as a land use is becoming increasingly important, with Bignal & McCracken (1996)

noting that the conservation importance of extensive farming systems has long been under

appreciated. Where once conservation was regarded as being almost in opposition to more
traditional land uses, it is now more widely accepted that traditional land uses can be continued

In a manner that is sympathetic to conservation aims. Indeed, conservation may be the only

means of preserving these traditional land uses.
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Forestry was, at one point, considered a major land use for peatlands. In 1978, over half of the

afforested area in the north of Scotland owned by the Forestry Commission was on peat of some
sort (Taylor, 1981). Drainage, fertilisation, and planting on turves were all used to aid tree
establishment. Since then however this trend has changed, with the emphasis now on restoring

blanket and raised bogs that were afforested. For example, different restoration techniques have
been tried at Forsinard RSPB reserve in the Flow Country (Wilkie & Russell, 1997). This

reversal in policy was due to an increasing awareness of the conservation value of blanket bog

coupled with much of the forestry in these areas being uneconomic.

1.3.2 Management options
Drainage

Stewart & Lance (1991) studied the effectiveness of drains (or 'grips') in the North Pennines and
found their effect on the water table to be very localised, and that there was no clear response of
heather (drainage being meant to improve the heather cover). These authors supported the
withdrawal of government subsidies for drains (in 1986), and there is now much interest in
different techniques in blocking drains for restoration purposes. Barkman (1992) notes that
'strong' drainage of Dutch bogs can lead to eventual tree invasion, but this is presumably due to

well maintained and/or extensive drains and controlled grazing, rather than a one-off attempt at

drainage accompanied by uncontrolled grazing.

Grazing

More commonly thought of as a land use, grazing can also be used as a proactive management
tool to achieve specific objectives (Andrews & Rebane, 1994). For example, the re-introduction

of deer grazing to part of Forsinard RSPB reserve in Caithness is being carried out to alter the

structure of the vegetation, and cattle are being used for similar purposes on parts of the RSPB
Birsay Moors reserve on Orkney.

Burning

Burning is widely used as it is thought to achieve the aims of producing new growth for the
sheep and deer (especially in the spring following a burn), and making that new growth more

accessible. Fire is easy and inexpensive to apply, and it is the most widespread land practice in
the Flow Country (Lindsay et al., 1988).
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1.3.3 Fire as a management tool

Bumning in Scotland is subject to legislation which forms the basis of the Muirburn Code
(Phillips, Watson & MacDonald, 1993), which sets out the legal requirements for burning as
well as suggestions for using fire in different habitats. The main requirement is that burning 1s
done (on land below 450 m) within the period 1st October to the 15th April, although it can be
carried out with the landowners permission until the end of April. Fire is mainly used in the

north-west to stimulate new growth for grazing animals, which is the 'early bite' referred to by

Darling (1964). In central and eastern Scotland, bumning is carried out on dry heathland
principally for grouse, and small burns are required due to grouse behaviour. In contrast, the
main aim in the north-west is to provide grazing for sheep and deer, in the form of the grass and
sedge species which grow very quickly following a fire. As a consequence, there is no percetved
need for burns of small area, and bumns tend to be large and (Hamilton et al. 1997). This 1s

further exacerbated by the lack of manpower available in these areas, and the few suitable

burning days in a typical year (Currall, 1981) making burning difficult to plan for - which results
in few (if any) people attending what are, for the UK, large fires.

The Muirburn Code does make some recommendations for bumning blanket bog vegetation or on
peat, but these are based on limited information. Far from following any burning code, some
land managers use fire with what, at first, appears to be an indiscriminate approach. Darling
(1955) refers to ‘the irresponsible conditions under which burning is all too general in the West
Highlands’, and more recently Hobbs & Gimingham (1987) noted that there is no systematic
burning in the north-west. Many authors have made recommendations regarding burning in
blanket bog habitat, summarised in Table 1.2. As can be seen, not only is there no consensus

about burning guidelines, but there is even debate over whether fire should be used at all on
blanket bog.

Mention should be made of what Goodfellow (1998) refers to on Dartmoor as a 'culture of fire'.

This also applies to the north-west, where fire is perceived as very much a natural part of land

management. Although the main reason for burning is for sheep grazing, even if the sheep

subsidies resulted in a drastic reduction in livestock it is likely that fire would still be used a

great deal. Local people talk of areas 'needing a good burn' not so much from a grazing value

viewpoint, but rather from informal consideration of heather age or amount of litter. It is this
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attitude coming against the 'no burn' attitude of conservation bodies that has caused many

problems. To create the conditions necessary for change on both sides, it is necessary to work

within this ‘culture of fire’ and promote the most appropriate use of fire, dependant upon the

required objectives.

Table 1.2. Recommendations for management burning of blanket bog, adapted from Shaw

et al. (1996).

Burning recommendations

Bogs should not be bumnt.
Bogs should not be bumnt, or at least rotation not < 15-20 years.

(1) Burning on bog minimised; (i1) use variable burning cycles; (iii)
conserve wet flushes; (iv) burn upland heath margins less intensively.

Limited rotational buming and burning of firebreaks may be necessary
close to public access points and footpaths.

Burning of bog to be avoided, and fire should not be used in M17 or

M18, 1n any other Sphagnum-rich community, and particularly not in
any bog system with pools and ridges.

Marked reduction in burning on bogs (allow development of mosaics).

Avoid burning bog or mires.
Bog areas should not be burnt at all.

“If management objectives for a site are to conserve or enhance an

active peatland ecosystem, burning should not be used to control the
vegetation.”

Bog vegetation should be burnt on a long cycle (with careful control)
or not at all — recommended ban on burning bogs.

(i) Burning restricted to 1% December to 8" March; (ii) heather must
cover >70% of the ground, and be >25c¢m tall; (ii1) minimum burning
rotation of 12 years (or 20 years?), with limitations on amount that can
be bumt in any 3 year period; (iv) no burnt patches >2ha in extent; (v)

every reasonable effort made to avoid damage to the underlying moss
layer, particularly Sphagnum.

Source

MAFF (1992) and
MAFF (1992)
Phillips et al.
(1993)

Usher & Thompson

(1993)

Phillips, Yalden &
Tallis (1981)

Rowell (1988)

Thompson et al.

(1995)
CCW (1992)

NCC (1989)

RSPB (1995)

Coulson et al.
(1992)

SNH (unpublished
site filenotes from
A.MacDonald &
A. Coupar)
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1.3.4 Effects on the physical environment

Lindsay et al (1988) summarise the effects of fire on the peatland environment. As with all fires,
nutrients (in particular N and S) can be lost through smoke and volatilisation, with higher
temperatures resulting in increased nutrient losses (Evans & Allen, 1971). The nutrients
deposited as ash may either be used by vascular plants in regrowth, captured by the Sphagnum
layer, or leached and lost from the system. Stevenson et al. (1996) found that fire frequency had
an effect on mineral and nutrient content of dry heathland soils, but there is no equivalent
information for wet heath or bog habitats. Fire in these habitats can result in a layer of waxes and
bitumens being deposited on the peat, which may hinder plant/community recovery, or
conversely may even protect the peat from erosion. When more severe fires occur, there may be
complete vegetation loss and even some of the peat consumed. In these situations plant
establishment on bare peat is very difficult (Gore, 1981), as the peat may continually erode due
to wind, water, and effects of frost. On bare peat, the microclimate can also be very hot 1n

sunlight, in part due to the low albedo of the peat surface. Severe fires can also be the initiator

for severe erosion events, perhaps resulting in complete habitat loss (Mackay & Tallis, 1996;
Tallis, 1987).

1.3.5 Effects on the vegetation, and subsequent recovery

Fire can kill a plant either through complete, or incomplete, combustion of the plant itself, or
through exposure to radiative heat. Plant death or damage due to the first cause is obvious, but
cell or tissue death due to heat alone, for a given temperature, is dependant upon the state of the
cells at the time of the fire. Important factors are their degree of hydration, whether they are

resting or metabolically active, and the duration of the temperature experienced (Whelan, 1995).

The ability of different species to persist after a fire can be split into two broad categories,
referred to here as vegetative survival and reproductive survival. Most blanket bog management
fires typically result in restricted damage to the moss and peat layers, and therefore also to the
underground stems and rhizomes of vascular plants. As a result most individual plants involved
In such a fire survive by vegetative means, however the surviving organs/tissues must still
endure the flux of heat energy. Given that the thermal death point for typical mesophytic plant
cells is between 50 and 55 °C (Hare, 1961; Larcher, 1995), the survival of plants above this

temperature is due to the protection of important tissues. One way to achieve this is through
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‘vegetative protection’ where meristematic tissue is protected, for example, in a tussock (e.g.

Molinia caerulea, hereafter referred to as Molinia). Alternatively, in the case of shrub species a
small degree of protection may be afforded by the stem bark. Most importantly in this habitat,
protection can be offered by either the peat or the moss layer. This avenue of survival is utilised

to some extent by all vascular species on a blanket bog, and the presence and continual upward

growth of moss species (especially Sphagnum) may thus be important.

Reproductive survival involves the death of individual plants caught in a fire, with new

individuals growing either from seed surviving the fire or arriving after the fire has passed. As

noted above, the characteristics of management fires mean that many plants survive vegetatively,

but reproductive survival will become increasingly important in certain situations, such as:

e after a severe burn, where the upper peat or moss layers, which contain the meristematic
plant tissues, are consumed or the tissues damaged;

e where there are large areas of bare peat present already (perhaps due to previous fires or
grazing);

e where the plants present do not possess the meristematic tissues necessary for vegetative

regrowth. For example, old Calluna is less able to re-sprout, or a plant species present may

have meristematic tissues that are not protected from fire.

There is little information about the effects of fire on Sphagnum, but there is observational
evidence for fire having little impact on the moss. Daniels (1991) states that 'management
burning is not normally harmful to Sphagnum’and Barkman (1992) that ‘fire is one of the least
drastic disturbances in living bogs’. Both authors note that fire tends to pass through the
vegetation layer on top of the Sphagnum. In contrast, there is anecdotal evidence, noted by
Ward, MacDonald & Matthew (1995), that Sphagnum imbricatum recovers poorly after fire, and
Mowforth & Sydes (1989) state that some Sphagnum species may be eliminated by fire, but cite
no evidence to support this. Ratcliffe (1964) notes that certain Sphagnum species ‘seem’

particularly susceptible to fire (although again with no evidence), and highlights in particular the

importance of the frequency of fire occurrerice. The view that fire is harmful to blanket bog is

the ‘default’ view, reflected in the guidelines in Table 1.2, that burning is generally regarded as

being bad for the Sphagnum layer.
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1.4 Fire definition and characteristics

1.4.1 Fire, combustion, and heat transfer

For a fire to occur fuel must be present, and in the case of vegetation fires that means plant
material, dead or alive. Fire is the manifestation of the release of energy previously locked up 1n

the plant cells as chemical bonds, this energy having originally been captured from sunlight by

photosynthesis.

All fuels go through recognisable stages during a fire - preignition, ignition, and combustion.

Energy must first be added to a fuel, raising its temperature. This endothermic process (called
preignition or preheating) first results in some low-temperature volatiles (if present) being
removed. Surface water is then evaporated (up to 100 °C), then adsorbed water is removed, and

finally pyrolysis (decomposition by heat) of cell constituents occurs. One of the major plant

components, cellulose, will start to volatilise at 250 °C, with rapid breakdown occurring at
325 °C (Pyne et al., 1996). The products of volatilisation are flammable gases. Ignition occurs at

the cross-over point between the endothermic reaction (preignition) and an exothermic reaction.
The temperature required for ignition can vary, but for the attachment of a flame it is between

325 - 480 °C (Pyne et al., 1996). The resulting process, called combustion, can then proceed 1n

two different ways. The first and most recognisable is flaming combustion, where the gases
released by pyrolysis mix with the oxygen in the atmosphere and burn to produce a flame. The
faster these gases are produced, the further they have to travel from the fuel in order to mix with
oxygen (the oxygen closest to the fuel being depleted), hence the variability in flame size.
Smouldering (or glowing) combustion occurs where conditions do not allow flaming combustion
to proceed, such as in densely packed fuel or where there are not sufficient volatiles given off

(Pyne et al., 1996). Smouldering results in incomplete combustion of the fuel components, and

leaves many residues such as ash, charr and smoke.

The energy required to dry fuels and raise them to ignition temperature can be transmitted to the
fuels by three possible mechanisms (Pyne et al., 1996). Energy transfer by conduction requires

materals to be in contact, so the distribution and size of fuel particles will determine the
efficiency of this process. Convection transfers energy by the movement of heated air so

materials above or downwind of a fire will receive heat in this manner, with wind direction and
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speed influencing this effect (Pyne ef al., 1996). Finally, energy transfer by radiation is probably
the most important pathway, as the materials concerned do not need to be in physical contact

with each other. This is the heat energy felt on approaching a fire.

1.4.2 Types of fire and quantifying fire behaviour
Types of fire

There are three types of vegetation fire commonly distinguished - ground fires, surface fires, and
crown fires. The latter only occurs in wooded habitats when the fire moves through the crown of
the trees, and very high fire intensities are reached. Ground fires occur when the fire burns (or
more commonly smoulders) in the soil organic matter. Although ground fires on blanket bog
(peat fires) have been studied in terms of fire characteristics (Frandsen, 1997; Hungerford,
Frandsen & Ryan, 1995; Wein, 1983; Frandsen, 1991; Frandsen, 1997) and f{ire
control/prevention (Chistjakov, Kuprijanov & Gorshkov, 1983), such fires are rarely a
consequence of management burning in Scotland, due to the prevailing conditions during the
statutory management burning period. The present study is therefore solely concerned with
surface fires, which move through the surface vegetation and the fuel this provides. These fires
can be further classified into headfires and backfires. The former moves with the wind, and 1s the

commonest type of fire (Hobbs & Gimingham, 1987). A backfire burns against the wind, and

moves much more slowly than a headfire burning at the same time.

Rates of spread

The rate of spread (ROS, usually measured in m min™) of a fire is the speed of movement of a
particular fire-front. It is measured for the point or fire-front of interest perpendicular to the fire-
front, and can vary a great deal with changing conditions (Pyne et al., 1996). Cheney, Gould &
Catchpole (1993) found that windspeed had a much greater effect on ROS than either fuel load,
fuel moisture or fuel arrangement. ROS for management fires in the UK have shown wide
variation: Thomas (1971) noted a bracken fire moving at 0.78 m min™ and a heather/grass fire at
12.6 m min’'; Hobbs & Gimingham (1984) recorded a range of values for dry heather moorland
of between 0.12 to 2 m min™'; Kayll (1966) in similar habitat recorded a range between 3 to 6 m

min"; and Currall (1981) recorded a speed of 5 m min™ for a wet heath fire.
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Fire temperatures

Although maximum flame temperatures of 1 900 to 2 200 °C are theoretically possible from
vegetation fuels, temperatures greater than 1 650 °C are regarded as ‘exceptional’ (Pyne et al.,
1996). The commonest flame temperature range is much lower, at 700 to 980 °C with maximum
temperatures of 800 to 1 200 °C. Temperatures reached during smouldering combustion are
lower than for flaming combustion (peaking at 600 °C, but typically above 300 °C), but can last
much longer (Pyne et al., 1996). Smouldering combustion is a feature of fires that has been little
studied in comparison to the more obvious flaming fire-front. The recording of temperature in
UK management fires has focused on maximum temperatures, and the following maximum
temperatures for the canopy of dry heath fires have been recorded: 220 — 840 °C (Whittaker,
1961); 340 — 790 °C (Hobbs & Gimingham, 1984); 940 °C (Kenworthy, 1963); 155 - 581 °C
(Allchin, 1997). Temperature is discussed further in Chapter 3.

Fire intensity

Although fire temperature is one of the most characteristic variables of a fire, it only quantifies
one aspect of a fire. As noted by Whelan (1995), it gives no indication of the overall energy
released. To overcome this, the concept of fire intensity has been developed, which involves the
quantification of the time-temperature relationship, or heat flux. There are several different ways

of measuring fire intensity, and methodologies relevant to the present study are described in

detail in Chapter 4. One method is to measure the total energy output for a given area over the
duration of the fire (units of kJ m™). Another, perhaps the most commonly used worldwide, is

‘fireline intensity’, first defined by Byram (1959), which is the energy release per unit time per
unit length of fire-front (units of kW m™ or kJ s’ m™).

Table 1.3. Typical ranges of fire intensities for boreal forests, from Van Wagner (1983).

Fire description Intensity (kW m™)
Smouldering fire deep in organic layer <10
Surface backfire 100 - 800
Surface headfire 200 - 15000
Crown fire with a single front 8 000 - 30 000
High-intensity spotting fire Up to 150 000

Table 1.3 gives a rough guide to intensity values for boreal forests, but a warning is sounded by

McCaw, Smith & Neal (1997) who note that fire intensity values should be used with caution

when comparing fires in fuel types that are ‘structurally very different’, due to different fire
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behaviour in response to fuel arrangement. Nonetheless, intensity values can convey much

information about a fire. Its measurement in the UK has been very restricted, but some data are

available. A range of 43 - 1112 kW m™ was recorded for controlled dry heathland fires (Hobbs
et al., 198a) with 2430 kW m" being estimated for an uncontrolled dry heathland fire (Kayl],

1966). Also in dry heathland, Allchin (1997) recorded total heat flux per unit area, with mean
values ranging from 17 857 to 43 681 kI m™.

Other fire characteristics

Various other fire characteristics can be measured. Flame length is measured from the point of
origin to the tip of the flame, and is a function of fireline intensity. Flame depth measures

distance from the front of the fire to the rear of the flaming zone. A commonly used

measurement in forest systems is tree scorch height, which can be used as a proxy measure for

intensity of surface fires (Pyne et al., 1996).

1.5 Variables that affect fire behaviour

1.5.1 Weather

Season

Many areas have well-defined fire seasons, and the fire behaviour and effects at these times may
be reasonably predictable, given no extreme or unusual conditions (Whelan, 1995). Fires outwith
the normal season can exhibit different behaviour and effects due to the different environmental

and biological conditions. For example, summer fires on heathland and moorland, due in the
main to drier conditions, can have much more severe effects on the environment than normal
management fires (Legg, Maltby & Proctor, 1992; Maltby, Legg & Proctor, 1990). Fires out of
season can also affect the recovery of plants, for example Kauffman (1990) demonstrated the
different responses of sprouting shrubs in North America after different seasons of burn. Fuel
characteristics can also vary with season, for example in redberry juniper (Juniperus pinchotil
Sudw.) in the USA, where seasonal variation in fuel characteristics were highly correlated with

length of pre-heating ignition time (Bunting, Wright & Wallace, 1983).
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Windspeed

Cheney et al. (1993) found that as windspeed increased, the headfire width required to reach a
steady ROS also increased. Whittaker (1961) proposes that higher temperatures result from
higher windspeeds, however Hobbs & Gimingham (1984) propose that higher windspeeds may
result in faster fires that consume less vegetation and have lower temperatures. With the

windspeed directly affecting the ROS of a fire, it can have an extreme influence on fireline

intensity (see Chapter 4).

Temperature and relative humidity

Ambient temperature alone can be important in that a fuel at a higher temperature (all other
factors being equal) requires less energy to raise it to ignition temperature. Whether a fuel 1s
exposed to solar radiation has a great effect on its temperature (Teie, 1997; Pyne et al., 1996),
with topography therefore important in determining the heating effect of sunlight. Temperature

also acts in conjunction with relative humidity (and other factors) to affect fuel moisture (see

below), and in turn affects fire intensity.

Rainfall

Precipitation preceding a fire will affect the moisture content of the fuel. Long term precipitation

will affect live fuel moisture, but dead fuels can be affected very quickly by low magnitude

precipitation events (Teie, 1997). Precipitation also affects the ground moisture, which in tum

will affect the moisture content of fuels in contact with the ground.

1.5.2 Site

Pyne et al. (1996) note that the main factors of topography that affect fire behaviour are altitude,

aspect and slope. Altitude has a direct effect on the overall climate (notably decreasing
temperature with increasing altitude), with subsequent effects on the vegetation and fuel present.
Aspect can affect vegetation growth similarly, and increased insolation can result in fuels drying

more quickly (Teie, 1997). Slope has a direct effect on flame length and rate of spread of surface
fires, with greater pre-heating of fuels upslope of a fire.
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1.5.3 Fuel

Amount

The amount of fuel (referred to as ‘loading’) can simply be expressed as mass per unit area.
However, it is more commonly split into size classes, and in North America four size categories
are commonly used (Teie, 1997), shown in Table 1.4. The smaller size classes are affected more
quickly by environmental changes, as well as being the first fuels to ignite. In addition, care 1s
usually taken to distinguish between live and dead fuels, as dead fuels also react quickly to
environmental changes. The amount of fuel actually available to a fire (available fuel load)
depends on the prevailing or given set of conditions, but it is generally less than the amount

potentially available (potential fuel load), which is the maximum available given the most severe

fire conditions.

Table 1.4. Fuel size class and response time categories used in North America. Compiled
using data from Teie (1997).

Description Response time

Grasses and litter 0 to Y4 1inch 1 hour
Twigs and small stems ato 1 inch 10 hours
Branches 1 to 3 inches 100 hours
Large stems and branches | 3 to 8 inches 1 000 hours

Type and distribution

Fuels can be categorised by species, or by plant parts (e.g. woody material and leaves). Johnson

(1992) demonstrates how the heat of combustion (energy output per mass of fuel) can vary
between species, and also within species, if different plant parts are sampled. A more important
categorisation is into live and dead material - the dead material requires less heat input to ignite,
and then burns faster (Teie, 1997). Catchpole, Catchpole & Rothermel (1993) noted that some
fire models are unreliable in predicting fire behaviour in mixed fuels, and subsequent laboratory
tests demonstrated different fire behaviour due to different types, sizes and distributions of fuel.
The horizontal distribution of fuels affects the homogeneity of the fire, and areas particularly
low in fuel may act as a firebreak. In a very patchy fuel environment, a fire will have a lower

rate of spread and lower intensity (Cheney, Gould & Catchpole, 1993). Fuel can also be

distributed vertically, most importantly in forest fires where ‘ladder fuels® can provide a route

for the fire from the surface into the canopy (Pyne et al., 1996).
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Size and shape

Fuel size and shape can be summarised by one important measure: the surface area to volume

ratio. The higher the ratio, the quicker the fuel will dry, the less heat will be needed to ignite 1t,
and the quicker it will burn (Teie, 1997).

Moisture content

Moisture must first be removed from a fuel before it can burn. If there is insufficient heat to do
this, the fire cannot spread (Pyne et al., 1996). Moisture content (expressed as % dry weight) can
range from <5 % in dried grasses, to 300 % in live fuels (Teie, 1997), although Pyne et al.

(1996) give a mean seasonal moisture content for bluebeard lily as 1 027 %. Surface litter with a

moisture content of 45 % was found to be too wet to carry a surface fire set to reduce thinning

slash fuel loads (McCaw, Smith & Neal, 1997). Anderson (1990) emphasises the importance of,
and variation in, the response of fine litter moisture content to a changing environment, in
particular changes in relative humidity. Response time (or timelag) is the time taken for a fuel to

lose or gain approximately 63 % of the difference between the starting moisture content and the
equilibrium moisture content (the steady-state moisture content for the new set of environmental
conditions). Dead grass fuel can have a response time of as little as 12 minutes to a change in
relative humidity from 90 to 20 %. The four commonly used fuel size-classes in North America
also have associated response times, which are 1 hr, 10 hr, 100 hr and 1 000 hr (Table 1.4).
However Anderson (1990) and Pyne et al. (1996) point out the errors that can be caused by such
oversimplification - for example, the smallest size class (1 hr response time) fuel category

incorporates both recently cast pine needles and dead grasses, which behave very differently to

moisture changes.

1.6 The fire regime

An appreciation of the fire regime concept is essential in any fire ecology study. This involves

consideration not only of single fire events, but rather the characteristics and effects of fires over

a much longer timescale. Whelan (1995) has defined the following components of a fire regime:

e fire intensity;
e fire type;
e fire frequency;

 season of burning;
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e extent of fires (including patchiness).

The effects of fire regime in a particular habitat are thus the cumulative effects of fire events
over time. As well as little being known about individual fires in north-west Scotland, even less
1s known of the overall fire regime. Aerial photographs have been used to determine the extent

and frequency of burning in dry heathland (Hester & Sydes, 1992), but the fast regrowth of grass

and sedge species after a fire in the north-west makes these bumns ‘disappear’ very quickly

(Stevenson et al., 1996). Very little (or no) records are kept of how and where fire has been used,
but anecdotal evidence suggests that some areas are burnt very frequently. Goodfellow (1998)
notes that Molinia dominated habitat on Dartmoor is burnt every 3 years or so, and this may also

be the case in some areas in the north-west.

Mimicking the ‘natural fire regime’ is often the aim of a management burning programme, but
the validity of this concept in north-west Scotland is questionable. Palacoecological evidence
described earlier in this chapter indicates that fire has been a part of the landscape almost
continuously since glaciation, but we do not know the precise role fire played. Given that the
presence of man was very quickly felt in Scotland after glaciation, there may never have been a

settled ‘natural’ fire regime. The usefulness of this concept in defining a prescribed fire regime

will be discussed later (Chapter 7).

1.7 Aims and objectives

This chapter has emphasised the importance of the blanket-bog habitat in agricultural,
conservation and cultural terms, and the major role that fire plays in the management of this
habitat over much of its area. We possess very little knowledge of either the effects of fire on the
blanket bog habitat, or the characteristics of the actual management fires themselves. This thesis

therefore addresses these two areas, with the broad aim that the results be applicable to land

management policies, but also to guide future research.

The effects of fire on the Sphagnum layer is of prime concern, as Sphagnum is perhaps the most

Important and defining component of the blanket-bog habitat. Very little is known about the
effects of fire on Sphagnum, and inspection of blanket-bog vegetation after fire (in 1995 and
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1996) revealed that fire severity appeared to be spatially very variable. In particular, damage to
Sphagnum appeared to be more severe where the remains of a shrub, or clump of shrubs (usuall

Calluna), were found. This study therefore focuses on this ‘interface’ between shrub and
Sphagnum, and plot selection is stratified to include such plots, but also to represent plots at the

other end of the fire severity spectrum, i.e. areas of Sphagnum with no shrub component. The

study sites used, and the criteria for selecting both sites and the study plots within them are

described in Chapter 2. The specific objectives for subsequent chapters are to:

o describe and quantifiy the fuels available on blanket-bog (Chapter 3);

e develop equations to predict fuel load, using non-intrusive techniques (Chapter 3);

o describe typical conditions under which management fires occur (Chapter 4);

e quantify the type and amount of fuel consumed in fires (Chapter 4),

e describe the fire temperature regime, both vertically and horizontally across the habitat
(Chapter 4);

e quantify different measures of fire intensity (Chapter 4);

e compare measures of intensity and temperature measurements (Chapter 4);

o assess the suitability of fuel variables to predict fire intensity (Chapter 4);

e determine the effect of fire on the Sphagnum layer, in particular with respect to position,
fuel, and fire charactenstics (Chapter 5);

e determine the rate of recovery of Sphagnum afier fire, and the effect of grazing (Chapter 5)

e determine whether fire does result in more Calluna and Molinia being available to

herbivores, and whether burnt areas are grazed more than unburnt areas (Chapter 6).

The results from the areas of fire and fuel characteristics, and vegetation recovery, are brought
together in Chapter 7, where the overall objectives for management fires are considered along
with their actual effects. The possible advantages and disadvantages of management fires are
discussed, and suggestions made for the formulation of management guidelines for burning on
blanket bog. The different ways of characterising fires are discussed with respect to their
effectiveness for achieving different objectives. The most important areas for further research,

with regard to blanket-bog management and fire ecology in general, are highlighted.

y

’
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Chapter 2 DESCRIPTION OF STUDY SITES AND PLOT
SELECTION

2.1 Introduction

This chapter describes the main attributes of, and selection of, the study sites; the selection of
study plots within each site; the methods of marking and re-locating the plots; and the exclosures

used on some of the plots. All sites were burnt in the spring of either 1996, 1997 or 1998, with

fires being set for management and/or experimental purposes. Sites are therefore referred to here

using site name or number/letter, and the year of bum.

The sites used are located in the Coigach and Assynt areas in north-west Scotland, where the
climate is described as hyperoceanic (Birse, 1971), and the study areas all experience between
225 and 250 rain days per year (Figure 1.1). This climate has resulted in peat formation over
much of the landscape, with peaty soils on steeper slopes and deep peat deposits on flatter areas.
Although outcrops of limestone do occur in the area (notably at Inchnadamph, NC2720, and
Knockanrock, NC1909), most of the area is underlain by acidic igneous rock, and combined

with the peaty nature of the soils results in a wet and nutrient-poor environment.

All sites are part of extensive hill grazings, with sheep kept by either the crofters or landowners.
It was not possible to estimate the density of sheep on the sites, partly due to the sensitivity of
obtaining such information, but mainly because stocking densities are usually arrived at using
the total number of sheep and the total area available to them. However, at all times of the year,
but especially during winter when supplementary feeding takes place, the sheep show strong
preferences for certain habitats or areas. Even in summer, although the sheep range freely over
large areas, some preference for roadside habitats, and drier habitats, is still evident. In addition,
sheep numbers periodically decrease when pregnant ewes are kept on inbye land, sheep are sold,
or some animals moved to the east of Scotland to over-winter. Stocking density figures derived
from number of sheep and area of ground available therefore bear little resemblance to the actual

grazing pressure experienced in any one particular habitat. Red deer also had access to all sites,
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but the deer grazing pressure is again unknown. Techniques such as dung counts could indicate
animal usage of the sites used, but such work was outside the scope of this study. Observations

of grazing pressure indicators are noted where appropriate in this study.

2.2 Site selection and vegetation type

The purpose of the study sites from each year are summarised below:

e 1996. Four sites were used to record vascular plant regrowth and recovery of the Sphagnum
layer after fire. These sites were first visited between 2 and 6 days after they were burnt.
o 1997, Three sites were set up primarily to record maximum fire temperatures, fuel load, and

effects of increased fuel load, but loss of samples and data meant that the only data available

recorded the recovery of the Sphagnum layer.

e 1998. The aim of these sites was to record the temperature regime of fires and quantify fire
intensity. Five sites were used, with some plots being harvested (to develop fuel loading

equations) and others being burnt. Sphagnum recovery was also recorded on these sites.

The main criterion for site selection in all years was that they had ‘typical’ blanket bog
vegetation for the north-west of Scotland. After examining blanket-bog habitat in this area, the
most common vegetation type appeared to correspond to M17 Scirpus cespitosus — Eriophorum
vaginatum blanket bog of the National Vegetation Classification (NVC), which is succinctly
described by Rodwell (1991) as “........ a blanket bog community dominated by mixtures of
monocotyledons, ericoid sub-shrubs and Sphagna, the two former groups of plants giving the
vegetation its distinctive character when it is seen from a distance, but the last often occupying
more of the ground, at least in wetter stands.” This vegetation type appears to correspond most

closely to the ‘Trichophoreto-Eriophoretum typicum’ (Western blanket bog) from McVean &

Ratcliffe (1962). The following, summarised from Rodwell, describe the environmental

conditions under which M17 is commonly found:

e climate — extreme humidity, and mild and wet winter;

e altitude — usually below 500m, extending down to sea level in north-west Scotland;

peat — typically 2 — 4 m deep, usually permanently waterlogged, pH 4 or less, nutrient-poor;

situation — broad glen bottoms, low level plateaux, watersheds.
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Rodwell notes that M17, although found over extensive areas in the Flow Country, in the north-

west 1s usually restricted by the broken terrain to the small glens, plateaux and watersheds
referred to above. The result is extensive areas of hill grazing made up of a mosaic of blanket
bog and wet heath vegetation types. The above environmental criteria were of assistance 1n
initial identification of potentially suitable areas of the 1996 burn sites, as they were not
examined until after each fire event. On these sites, the remains of plants (including their spatial
distribution) and the Sphagnum layer also helped in suitable site identification. For locating sites
prior to burning (1997 and 1998 sites), the above criteria in conjunction with live vegetation

characteristics were used. The commonest plant species found in the M17 community, and on all

study sites, were:

Calluna Eriophorum angustifolium

® ®

o Molinia e Eriophorum vaginatum
o FErica tetralix e Potentilla erecta
@ @
® ®

Trichophorum cespitosum Sphagnum capillifolium
Narthecium ossifragum Sphagnum papillosum

Species that were notable for being patchily distributed and/or occasionally dominant were;

o Myricagale e Cladonia impexa and C. uncialis
e Droseraanglica e (arex echinata
e Hypnum jutlandicum o Polygala serpyllifolia

In common with many habitats, there is usually a mix of community types present on a blanket
bog. In the case of M17 in the north-west, it often appears to grade into M 15 Scirpus cespitosus
— Erica tetralix wet heath 1n drier areas, and into vegetation similar to M18 Erica tetralix —
Sphagnum papillosum blanket bog in places where the vascular plant layer becomes sparser and
shorter. To confirm community identification, five random 1 m? relevés were recorded prior to
burning on each of the three 1997 study sites. Percentage cover of all vascular, bryophyte and
lichen species were recorded, and the data entered into the computer program Comkey (Legg,
2000). This program compares either individual relevé data, or a community summary derived
from more than one relevé, with NVC community data. The following matching criteria were

used (in order of use and individually) for the community data: matching species; weighted
species match; matched frequencies; frequency-weighted match. The matching criteria used for
individual relevés were (in order of use): matching species; weighted species match; presence-
weighted similarity. Each of the three community summaries, for all of the matching criteria,

resulted in a close match with M17 blanket bog community. Twelve of the fifteen individual
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relevés also matched closely with M17. The remaining three matched closest with M135 (Scirpus

cespitosus — Erica tetralix wet heath), with M17 being the second closest match. This 1llustrates

the mosaic of vegetation types typically found over the blanket bog habitat. Changes from M17
to M15 commonly occur at abrupt and obvious limits at the edge of the bog habitat, but the

topography of the bog can also result in a small-scale mosaic of vegetation types within the
habitat.

As well as the topographical and vegetation selection criteria above, a further requirement was
that the area was selected by the land managers for burning, without any reference to this study.

The 1996 fires occurred prior to involvement with this study. For the 1997 fires, discussion with

Nicky and David Davies of Inverpolly Estate during late 1996 identified the general areas of hill
grazing that they wished to burn the following year. Suitable blanket-bog sites were then
identified within these areas, and burning carried out to ensure that these sites were burnt 1n

1997. The 1998 burns were located beside a management burn. A final requirement was that a

road had to be less than 1 km away, to allow field equipment to be carried easily to each site.

2.3 Study site locations

The grid reference of each site, date of burning, and an estimate of the area of each burn are
given in Table 2.1. Areas are not given for the 1998 burns, as these were small experimental

bums. The locations of each of the 1997 and 1998 burns and one of the 1996 burns are also
shown on Figure 2.1. The remaining 1996 sites are located west of Figure 2.1 (Loch '

Chaoruinn and Mast) and to the north, in Assynt (Loch Poll). Two additional management fires,

which were attended but not recorded for research purposes, are also shown on this map.

2.4 Study plots: 1996 and 1997 burns

2.4.1 Selection

The importance of the Sphagnum layer in the blanket-bog habitat was emphasised in Chapter 1.

Observations of the effects of fire on blanket-bog vegetation indicated that the most severe

ettects on Sphagnum occurred where the Sphagnum carpet was interrupted by a shrub or clump
of shrubs — referred to here as the shrub/Sphagnum interface. In such situations, the fire was

apparently more intense, due to fuel amount and position. Plot selection was therefore not
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Table 2.1. Study site summary showing names, date burnt, grid reference and burnt area.

Site Date burnt Grid reference Burnt area
1996
Badagyle April 1996 NCO058 113 ~ 25 ha
Loch Poll April 1996 NC 099 321 ~ 30 ha
Loch a’ Chaoruinn April 1996 NB 987 140 > 100 ha
Mast Aprl 1996 NB 999 117 ~ 90 ha
1997
Blar Garvie 26/4/97 NB 049 129 ~15ha
Creag na Braiste | 16/4/97 NB 069 132 ~30ha
Creag na Braiste 1 NB 065 134
1998
Site A 18-19/4/98 NB 071 121 All 1998 burns were
Site B 22/4/98 NB 072 122 very small, and the two
Site C 18-21/4/98 NB 073 122 1997 Creag na Braiste
Site D 19/4/98 NB 071 123 sites were burnt as part
Site F 19/4/98 NB 071 129 of the same fire.

random across each site but was stratified to focus on the shrub/Sphagnum interface, as well as

including plots with no shrubs present, referred to as “flat’ plots.

Within each site a 40 m long transect (or two 20 m transects, where space was limiting) was
marked out, so as to avoid any obvious habitat/vegetation changes or linear features such as the

edges of peat cuttings. Random points were then located within an area extending up to 10 m

either side of each transect by using random numbers to determine:

¢ distance along the transect;
e selection of either side of the transect;

e distance from the side of the transect (up to 10 m).

At each random point, the nearest patch of suitable vegetation was identified. This was either the
shrub/Sphagnum interface described above or flat (no shrub) areas. Five shrub/Sphagnum plots
on the 1996 sites, and ten shrub/Sphagnum plots on the 1997 sites were located in this manner.
Random numbers were then used to generate a random bearing from each plot and distance
between 2 and 5 m, and the closest suitable patch of vegetation identified beside this next
random point. All shrub/Sphagnum plots were therefore located in pairs, with the within-pair
distance always less than the smallest between-pair distance. The minimum distance of 2 m

between the plots within a pair was maintained to lessen any effects of the cages (section 2.4.3)
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Figure 2.1. Map of the main study area on Inverpolly Estate, with study sites located by

arrows. The numbers on the Creag na Braiste burn show the two separate sites, and letters
indicate the 1998 sites. Two additional management fires from 1997 are also shown.



attracting animals (wool was sometimes found on the corners of the cages, presumably due to
the sheep using the cages as scratching posts). Random number combinations that resulted 1n

plot pairs being too close were discarded. On the 1996 burn sites, all plots were shrub/Sphagnum
plots, but on the 1997 sites, approximately a quarter of the plots selected were flat. The flat plots

on the 1997 sites were located singly (i.e. not paired), but again were further away than the
largest within pair distance from any other plot. At each plot location, the depth of the

underlying peat was checked using a rod to ensure it was at least 0.5 m.

2.4.2 Plot marking and recording

At each plot location, metal marker pegs were positioned at the opposite corners of a 25 cm X
25 cm quadrat. The pegs were made from 2.4 mm diameter mild steel welding rod, cut into
25 cm lengths, bent at the top to form an inverted ‘L’ shape, and given one coat of black

Hammente rust-prevention paint. The pegs were pushed into the peat so that the upper part was
flush with the peat or moss. This made the pegs unobtrusive to avoid attracting animals, however

the pegs became harder to re-locate with successive years of vascular plant and Sphagnum
growth. They could usually be re-located by feeling in the moss by hand, but for the last

recording visit to all sites in April 1999, a metal detector was required to locate some markers.

At each plot, 35 mm slides were taken on each recording date, weather conditions permitting. In
order to minimise the potential impact of trampling on each site, a set route was walked between

plots, and each plot recorded from the driest side, as the wetter the area the more susceptible the

habitat is to damage.

2.4.3 Grazing exclosures

One of each pair of shrub/Sphagnum plots on the 1996 and 1997 sites was randomly selected as
a ‘no grazing’ plot and caged, with the other left open to grazing animals. All of the flat plots on

the 1997 sites were caged. Each cage was made from angle iron (20 mm by 20 mm by 3 mm

thick), cut and bent to form an inverted ‘U’ shape (‘1"). Two of these pieces formed opposite

sides of a single cage, with the bars at the top being 50 cm long, and the legs 70 to 80 ¢cm long.
The two sides were joined by 50 cm long pieces of flat bar (20mm by 3 mm thick), with nuts
and bolts used to secure the crossbars to the cage sides. All cage sides and crossbars were given

one coat of Hammerite to inhibit rusting. Cage construction took place on each field site, and the

legs of each assembled cage were simply pushed into the peat to a depth of 20 — 30 cm. Each
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25 cm by 25 cm caged plot therefore had a buffer zone around it (12 cm on either side to the

cage sides), to minimise any environmental effects of the cages.

Netlon nylon fruit cage netting (19 mm x 19 mm mesh size) was used to cover the sides and top
of each cage. The netting was secured to the cage frame by twisting small pieces of plastic
coated electrical wire through the netting and around the frame. The top and each side were
separate pieces of netting, allowing sides to be adjusted to take into account topography and
vegetation, and the top could easily be ‘flipped’ open to allow access from<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>