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Burning 

General 
Important general features of burning 

Burning occurs most frequently and extensively on Blanket bog, Dwarf-
shrub heath, and Tussock grassland but it also may affect Tall 
herbs, Scrub and Wind-clipped summit heath. However, not all 
parts of these habitats are affected. Sometimes areas remain unburnt for 
long periods where there are barriers to the spread of fire. 

Expanses of water, very wet boggy ground and flushes, or sparsely 
vegetated rocky ground (either horizontal or vertical) can all block fire 
spread if sufficiently wide. To provide a moderate degree of security such 
barriers need to be at least 2 m, and preferably greater than 3m, high or 
wide. However, to ensure a high degree of protection over the long-term 
(many decades to centuries) such barriers probably need to be at least 10 m 
wide or 5 m high. Wet boggy ground and flushes may not present a barrier 
to fire during drought conditions. 

The degree of protection offered by physical barriers depends to some 
extent on the frequency of burning of adjacent habitats and on the intensity 
of fires which occur there. Different frequencies of fire in nearby areas 
may affect the risk of fire spreading to unburnt remnant areas but exactly 
how risk will be affected is not very clear. With frequent nearby fires there 
may be an increased probability of burning material being lifted over the 
barrier by convection from the fire front, although this is balanced by 
frequent fires also often being relatively cool and patchy. On the other 
hand, where fires are infrequent there is often a greater fuel build-up 
between fires and fire fronts are more intense, more continuous and 
produce greater convection, which increase the probability that the fire will 
cross a barrier of any particular size. 

In areas not protected by barriers to fire spread, the effects of burning 
depend on both the intensity of impact of individual fires and the length of 
time between fires. These two aspects should be distinguished when 
assessing burning. The intensity and frequency characteristics of fires arc 
affected by both the amount of fuel which accumulates between fires and its 
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Burning 
potential for ignition. The amount of fuel is determined by the productivity 
of the plants; the dimensions and density of stems, foliage and plant litter; 
the dispersion of this potential fuel in space, and its moisture content. The 
moisture content in turn is influenced by weather conditions, often 
following a seasonal pattern, and the species composition. 

Habitat effects are also influenced by the size of areas burnt and by 
interactions with grazing animals. For example, a small burnt patch in the 
midst of a large area of long unburnt moorland is likely to attract the 
concentrated attentions livestock with consequent impacts on post-fire 
vegetation recovery. On the other hand, very large fires may reduce 
structural variation in the habitat, which may be perpetuated for very long 
periods. 

Intensity of immediate impact 

Intensity of immediate impact can vary greatly. The degree of impact is 
determined by the pattern of available fuel: this in turn is determined by the 
amount and spatial distribution of potential fuel material, modified by the 
pattern of moisture content. 

During exceptional summer droughts everything becomes comparatively 
dry and when burnt releases large amounts of energy. This can create 
positive feedback in the combustion process since the heat generated may 
be sufficient to drive the water from any remaining moistcr material and 
raise it to its ignition temperature (Woody material needs to be raised to 
temperatures above about 300°C before self-sustaining, exothermic 
combustion can occur). Such conditions produce the highest intensity 
impacts which may destroy the regenerative capacity of the vegetation and 
even the soil itself. 

Where humus-rich or peaty soils ignite, soil nutrient and water holding 
characteristics can be greatly altered. Any remaining burnt or charred soil 
is likely to lack humus, have poor water holding characteristics, poor 
structure for plant root development, be easily destabilised by winter 
freezing and thawing, and be prone to erosion. There may also be high 
levels of mineral nutrients immediately after an intense fire (from the ash 
and as a consequence of increased mineralisation rates) which may not be 
conducive to the growth of some plant species. However, soluble nutrients 
arc likely to be rapidly leached by the normally high rainfall in upland 
areas. After very intense fires, revegetation is a slow process dependent on 
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the gradual stabilisation of the remaining soil and slow immigration and 

establishement plant life. 

In a properly controlled management fire during the winter muirburn 

season, burning is undertaken when the above-ground fuel load is mostly 

dry and flammable, but the plant litter and partially humified material 

below is still moist. The weather is usually quite cold. Under these 

conditions a large proportion of the energy released by combustion is used 

to raise fuel temperatures. This generally results in fires of low to moderate 

impact. Fires burning against the wind often remove more of the above 

ground material. This is because they burn for longer at any particular spot 

they pass over, and there is therefore greater radiative transfer of heat to the 

vegetation and ground, although flame temperatures are not necessarily 

higher. 

In a moderate intensity fire most of the above-ground woody and dead 

material will be removed but the litter and moss layer will be only partially 

and patchily consumed. There will be little or no rise in temperature 

deeper than 1 cm below the soil surface during the fire, and even at the soil 

surface there will be only a modest and brief rise in temperature. Creeping 

and underground stems, rootstocks, stem bases and seeds in the soil, and 

much of the litter and soil invertebrate fauna, will remain insulated and 

protected from heat and flame. 

Low intensity fires result when the above-ground vegetation is still moist or 

where there is little accumulation of potential fuel. Such fires tend to burn 

irregularly and much material is left unburnt. However, such fires are not 

necessarily small. They are often head fires, which burn with the wind 

rather than against it, and their light impact is sometimes because they 

travel quickly over the ground. Large, uncontrolled fires which occur 

during the winter are often of low intensity although they may affect large 

areas of ground. 

On the whole, winter fires have less drastic effects on habitats than summer 

fires. Summer fires are likely to have more drastic effects on the associated 

fauna since in winter much of the bird fauna will be absent and much of the 

invertebrate fauna will be dormant and well protected in the damp litter 

and soil. Exceptions to this general rule may be deciduous Scrub and Tall 
herbs. In both cases the vegetation usually has too high a moisture 

content in summer to burn readily (except in severe droughts). However, 

more information will be needed on the effects of burning in these habitats 

before effects can be stated definitively. 
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Plant responses and vegetation recovery 

Fire impact is also affected by the abilities of species to either avoid fire 
damage or recover from it. Resilience to burning varies between species 
and according to the age/size of plants. Many herbs and woody species 
have the capacity to resprout from dormant buds on the lower stem which, 
being close to the ground surface and insulated by damp field and ground 
layer material, often survive the passage of all but very hot fires. In woody 
plants the ability to resprout after fire (or browsing) is often most vigorous 
in young stems but tends to decline with age. (Where layering has 
occurred, stems are physiologically and morphologically "young" even if 
the plant as a whole is chronologically old. However, dormant buds on 
prostrate stems are more vulnerable to damage by heavy burning than are 
more deeply insulated stem bases). Older stems, on the other hand, tend to 
have thicker bark which increases the probability that the critical, living 
cambial layer immediately under the bark will not be exposed to lethal 
temperatures (temperatures of approximately 60°C for more than a minute, 
or shorter times for higher temperatures). 

Persistence is also conferred by an ability to rapidly recolonise burnt areas 
even if pre-existing plants have been destroyed. Some species of herbs, 
dwarf-shrubs, shrubs and trees have seeds which either are widely 
dispersed by wind or birds and/or lie dormant for prolonged periods in a 
soil seed bank. Flowering and seed production of plants is often enhanced 
after burning (in the absence of grazing), particularly in the second summer 
after late winter burning. This can help to promote rapid recovery even if 
vegetative recovery is slow. Seeds of many species often germinate well on 
recently burnt ground, provided the substrate remaining is consolidated and 
stable, since there is likely to be much reduced competition from 
established plants, reduced predation of seed and seedlings by small 
mammals, and the more extreme daily and seasonal temperature 
fluctuations on recently burnt ground can help to break seed dormancy. 

Frequency 

The frequency of fires is a relative concept which varies from habitat to 
habitat. The crucial factor is the time required for the slowest maturing 
component of the habitat to achieve its characteristic stature, abundance, 
structure, and species composition. Where recovery is very slow, burning 
could be considered frequent even if many years elapse between successive 
fires. 

97 



Burning 

Frequent fires limit the accumulation of standing plant material and dead 
litter. This affects subsequent fuel loads and fire temperatures, though 
available fuel loads and fire intensities are also affected by weather 
conditions and the moisture content of the vegetation and soil at the time of 
burning. Although frequent fires prevent the accumulation of large 
amounts of potential fuel material they also limit development of a 
moisture holding and insulating layer of dead plant litter and mosses. This 
reduces the protection afforded to the more fire sensitive plants, like 
surface-creeping dwarf-shrubs and clubmosses, and increases the likelihood 
that the surface or upper layers of the soil will be "cooked". Not only will 
this kill some of the seeds and rootstocks from which plants might 
regenerate but it may also affect soil properties. With frequent burning the 
upper layers of humus-rich or peaty soils are likely to become somewhat 
"rubbery" and their capacity to absorb and store water in a form available 
to plants will be reduced. Frequently-burnt areas often have soils with a 
thin peaty or humic surface layer which fluctuates between being 
waterlogged and draughted, producing poor seedbeds and difficult growing 
conditions for most plants. 

At the landscape scale it is common to find that a greater area is burnt 
within a given period where fires are frequent than where fires are 
infrequent, although it is not inevitable that this has to be the case. This 
means that fire-sensitive, slowly reproducing (or slowly dispersing) species 
are more likely to be eliminated in a landscape with frequent fires since 
there is a higher probability that refuge areas will be burnt or much reduced 
within any given time. 

Tall herb 
Luzula sylvatica can accumulate substantial amounts of dead leaf litter, if 
not heavily grazed, which potentially could provide fuel to carry a fire. The 
habitat may occasionally be burned, particularly on acid soils where Luzula 
sylvatica may be dominant, and dwarf-shrubs may be present, and there 
may be adjacent dwarf-shrub heaths from which fires could spread. It is 
unclear what effects this may have but Luzula sylvatica, Oreopteris 
limbosperma and possibly other species may be sensitive to repeated 
burning. Occasional light fires may increase plant species diversity by 
reducing the dominance and of the most vigorous species and by reducing 
the potentially smothering accumulation of plant litter. During the 
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growing season tall herb stands are unlikely to burn due to their high 
moisture contents. 

Scrub 

Fire affects not only the persistence, composition and structural 
characteristics of scrub but also its pattern of distribution. Throughout the 
uplands scrub is often represented only by very small remnants. These are 
usually restricted to ledge situations and rocky outcrops, not only because of 
browsing pressure but also because of repeated burning of less protected 
areas. Poorly located, uncontrolled fires which sweep up steep open ground 
and partially vegetated cliff faces are not uncommon, reducing even the 
remaining fragments of scrub. 

Scrub of Cytisus scoparius and Ulex europaeus, on the margins of the 
uplands, often does not show this fire-influenced distribution, or at least not 
in the same way. Browsing appears to be a more important determinant of 
the occurrencc of these species, although as with other forms of scrub 
burning can increase vulnerability to browsing by making new growth 
more accessible and palatable to browsers. Cytisus scoparius and Ulex 
europaeus recover well from fire by resprouting from basal branches or 
stem bases (Ulex) and by prolific seedling regeneration. Being fast 
growing species, these species can quickly dominate burnt areas where 
browsing is light, infrequent or absent. 

The intensity and frequency characteristics of fires in scrub are affected by 
the amount of fuel which accumulates between fires and its potential for 
ignition. Scrub can produce potentially large amounts of fuel but this is not 
always very flammable. Living green foliage of broad-leaved, deciduous 
trees and shrubs usually has too high a water content to burn readily. This 
is not so applicable to conifers (e.g. juniper) in which secondary 
compounds greatly increase flammability, and non-coniferous evergreens 
such as Ulex europaeus which can have a relatively high flammability even 
in summer. Fires in scrub are carried and sustained by fuel in both the 
field and shrub/tree layers. In scrub fires the canopy will usually ignite or 
be killed, which is not always the case in woodlands and high forest. This 
is because in scrub the distance from the canopy to the ground is very short, 
well within flame height from the field layer, and there is usually a 
continuous distribution of fuel from ground to canopy. Also, even if the 
tree and shrub canopy is sufficiently dense to suppress the field and ground 
layer it is then likely to be sufficiently dense to sustain a fire on its own. 
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Summer fires during drought conditions could be very damaging since 
virtually all components of the habitat become potential fuel. Fires could 
also be damaging in winter under more normal muirburn conditions since 
the water contents of trees and shrubs are lower than in summer. Critical 
tissues are then more likely to reach lethal temperatures, or even ignite, as 
the fire passes. However, this is not always the case. In winter the 
moisture content can remain high in the field layer, and especially in the 
ground layer, and this can greatly reduce the intensity of fire and its 
damaging effects. 

Many woody species, but not conifers such as pine and juniper, have the 
capacity to resprout from dormant buds on the lower stem which quite often 
survive management fires. "Fire coppicing" can be the result of moderate 
frequency burning. Many scrub-forming species have seeds which are 
widely dispersed by wind or birds and which germinate and establish best 
on recently burnt ground. 

Species of the ground and field layer also vary in their responses to fire. 
Many of them are the same as those in other habitats and their responses 
arc unlikely to vary much from their behaviour elsewhere. Further details 
can be found under Dwarf-shrub heath. Tussock grassland, Tall 
herbs and Blanket bog habitats. 

In scrub, the tree and shrub component is the component which is likely to 
be slowest to achievc its characteristic stature, abundance, structure and 
species composition. Although its tree and shrub species may establish a 
presence within less than five years of burning, fully developed scrub 
providing distinctive and characteristic habitat features is likely to take 
many decades to develop. How long this will take will depend on the 
species concerned and the conditions in which they are growing. 
Generally, an average interval between fires of less than 15 years should be 
considered frequent burning; return times of 15 - 30 years can be 
considered moderately frequent; and intervals greater than 30 years can be 
considered infrequent. However, for rapidly growing scrub-formers such as 
Cytisus scoparius and Ulex europaeus these return times could be halved, 
while for very slow growing scrub near the altitudinal or exposure limits of 
scrub growth it would be safer to double them. 
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Blanket bog 

Blanket bog is burned to a variable extent. In the east controlled burning of 
small patches to improve sheep and grouse production may be evident. The 
emphasis here is to encourage the growth of Calluna vulgaris. In the west 
the practice of burning is characterised by the occurrence of large, mostly 
uncontrolled fires set with the aim of producing a fresh spring bite of 
Molinia caerulea (and to a lesser extent Eriophorum vaginatum and 
Trichophorum cespitosum) for sheep and Red Deer. 

High impact fires are most likely if burning occurs during drought periods 
when the surface of the bog has dried out and especially if the surface peat 
has become dry. This is most likely to be the case with summer fires, 
outside the statutory muirburn season. Normally, rapid revegetation in 
blanket bogs is dependent on there being surviving stem bases, roots, 
dormant seed and surviving Sphagnum mats and hummocks. All these 
occur at the surface and some or all may be partially or completely 
destroyed in a high impact fire. Revegetation will then depend on the slow 
influx of spores and seed from outside the area. The peat itself also may be 
damaged or consumed. When dry peat ignites, surface and underground 
combustion can continue for long periods, sometimes for months if heavy 
rain is infrequent. In this situation the peat is consumed mostly by 
"glowing combustion" though this can periodically burst into the more 
dramatic and familiar "flaming combustion". This leads to partial or 
complete destruction of the peat and much altered hydrological 
characteristics. Any remaining burnt or charred peat is likely to be 
irreversibly dried and contain bituminous deposits produced by distillation 
during the fire. It will present a poor substrate for plant colonisation. High 
levels of mineral nutrients immediately after heavy fire (both directly from 
the ash and as a consequence of increased mineralisation rates) may not be 
conducive to the growth of some bog species, although soluble nutrients are 
likely to be rapidly leached by the normally high rainfall. Significant 
revegetation therefore may take a very long time, and the vegetation which 
does develop may be different from what was originally present. 

Extensive, persistent mats of algae and crust-forming lichens, or mosses 
such as Polytrichum commune, Campylopus spp. or Racomitrium 
lanuginosum, are often among the first types if vegetation to colonise areas 
of bare peat produced by heavy burning. They may persist for one or more 
dccades. Among the first Sphagnum mosses to colonise wet, bared peat are 
S. tenellum and S. compactum, which arc more resistant to drought than 
other Sphagnum species. Recolonisation by these species may form the 
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basis for restoration of other Sphagnum mosses and bog habitat 
characteristics. 

In a moderate impact fire much of the above-ground woody material will be 
removed but much of the litter and most of the moss layer will be only 
partially and patchily consumed. In a moderate impact fire there will be 
little or no rise in temperature deeper than 1 cm below the soil surface 
during the fire, and even at the moss surface there will be only a modest 
and brief rise in temperature. Sphagnum mats and hummocks will often 
survive if merely their surfaces are killed (when they become bleached of 
colour), or even if the surface one or two centimetres are consumed, 
provided other deleterious factors like drainage, drought or trampling do 
not also occur. Live Sphagnum tissues capable of regeneration, under moist 
conditions, persist in a dormant state as much as 20 cm below the surface 
of mats and hummocks. Large, dense Sphagnum hummocks which 
tenaciously retain large amounts of moisture are likely to be least affected 
by fire. Where hummocks are partially destroyed they may be invaded by 
graminoids, dwarf-shrubs, Racomitrium lanuginosum, Polytrichum 
commune or a number of "feather" moss species. The proportion of 
Sphagnum mats and hummocks likely to be damaged during a fire 
increases with increasing dryness of ground, and decreases with increasing 
wetness. In a moderate impact winter fire much of the associated flora and 
invertebrate fauna will remain insulated and protected from heat and flame. 

Low impact fires result when most of the above-ground vegetation is still 
moist or where there is little accumulation of potential fuel. Average fire 
temperatures are low and are strongly influenced by variations in the 
moisture content of the vegetation. Such fires tend to burn irregularly. The 
high moisture contents of Sphagnum mats and hummocks ensures that they 
are largely unaffected or only very superficially singed. Any effects on 
Sphagnum mosses are most likely to be seen immediately around burnt 
dwarf-shrub bushes where combustion would have been most intense. 
After light fires the regeneration of dwarf-shrubs, particularly Calluna 
vulgaris and Erica spp., is largely dependent on resprouting since poor 
seedbed conditions are produced. Light fires may produce a more open 
canopy of dwarf-shrubs, reducing the shading of the Sphagnum mosses and 
other bog species and encouraging their growth. However, any benefit to 
Sphagnum species and other bog species is likely to be offset by an 
increased frequency of low humidity and desiccation and increased growth 
of Eriophorum vaginatum, Molinia caerulea, or Trichophorum cespitosum, 
unless the bog surface remains continuously wet. 
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Frequent fires can greatly change habitat characteristics. Provided fires are 
light and the substrate remains wet, frequent fires may reduce shading by 
dwarf-shrubs which may favour an increase in cover of Sphagnum mosses 
relative to dwarf-shrub cover. This may not occur very often since areas 
which remain wet are unlikely to be burnt frequently. The most likely 
beneficiary of frequent fires are the graminoids and in most situations the 
Sphagnum component is likely to dccline. The precise dynamics of 
recovery of bog species after fire are not yet fully understood. Some mosses 
(e.g. Polytrichum spp. and Campylopus spp.) and lichens (e.g. various 
Cladonia spp.) capable of colonising bare peat and tolerating both the flush 
of mineral nutrients and the more variable moisture conditions immediately 
after fire, may become abundant after frequent fires. Racomitrium 
lanuginosum may also become abundant under these circumstances, though 
it may also be a natural component where a severe oceanic climate 
similarly contributes to producing bare, but humid, surfaces which it can 
colonise. Graminoids like Eriophorum spp., Molinia caerulea or 
Trichophorum cespitosum generally recover more quickly than dwarf-
shrubs, although frequent burning may reduce tussocks to small hard 
mounds (less than 10 cm diameter). Dwarf-shrubs lose ground to these 
competitors unless there is sufficient lime between fires (generally more 
than 20 years) to enable the dwarf-shrubs to grow tall enough to overtop 
them. Plants with rhizomes (e.g. Rubus chamaemorus or Vaccinium 
uliginosum) have underground parts with well-protected buds and reserves 
which arc largely unaffccted by fire, unless the fire is very severe and 
consumes the upper layers of the peat. These species are likely to be 
favoured by frequent fires. Frequent fires which arc moderate to high 
intensity may also affect the physical nature of the upper surface of the bog. 
Bogs with this history tend to be firm underfoot, although the surface may 
still be very wet at some times of year (especially winter), and they have a 
"bumpy" surface texture (from the small hard tussock of graminoids) rather 
than an undulating surface of soft, spreading Sphagnum mats and 
hummocks. 

On blanket bogs burning at intervals of 20 years or less should be 
considered frequent. 

Wind-clipped summit heath 

Sometimes montane heaths, particularly dwarf-shrub mats, are burned. 
This may be done deliberately or, more frequently, may be the result of fires 
which run uphill out of control after having been started in the sub-
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montane zone. This is a very obvious impact that needs no description. It 
is potentially very damaging because of the slow revegetation rates and the 
high risks of erosion on bared ground at high altitudes. Burning this 
habitat is of absolutely no value for game or agriculture. 

Dwarf-shrub heath 
Normally, rapid revegetation in dwarf-shrub heaths is dependent on stem 
bases, roots and dormant seed which survive the passage of fire. Most of 
these are found at the soil surface or in the upper 3 cm - 8 cm of the soil 
and may be consumed in a high impact fire. The soil itself also may be 
damaged or consumed. Even when not consumed the water holding 
characteristics of the soil may be deleteriously affected by intense fires 
which may delay regeneration of the vegetation. After severe sires 
significant revegetation may take a very long time, and the vegetation 
which does develop may be different from what was originally present. 

Where the soil surface is bared but not burnt this can provide good seed-bed 
conditions for many plant species, including tree and shrub species with 
wind dispersed seeds such as Betula spp. and Pinus sylvestris, as well as 
dwarf-shrubs. Vigorously flowering stands of Calluna can produce around 
100,000 seeds m-2 yr-1 and a dormant seed bank of 10,000 viable seeds m - 2 

to near a million seeds m - 2 can accumulate in the soil. In moorland edge 
situations in some parts of the country seeds of the bushes Cytisus 
scoparious and Ulex europaeus may lie dormant in the soil for many 
decades, geminating abundantly after a fire. 

Low intensity fires tend to burn irregularly and leave much material 
unburnt. After such fires the unburnt dead plant litter, and to a lesser 
extent the mosses, provide very poor seed-bed conditions: moisture 
availability around young seedlings fluctuates widely and seedlings often 
becoming droughted before their roots have penetrated the soil. In these 
conditions, the regeneration of dwarf-shrubs, and other plants, is largely 
dependent on resprouting. This will be poor if the stem bases of the dwarf-
shrubs arc old and thick (greater than about 5 mm thick in the case of 
Calluna vulgaris). This effect may produce a more open canopy of dwarf-
shrubs, reducing the shading of the associated mosses and lichens and 
encouraging their growth. Molinia caerulea, Nardus stricta or 
Trichophorum cespitosum, if present, also may benefit. 
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Frequent fires can greatly change habitat characteristics. Grasses like 
Nardus stricta or Molinia caerulea generally recover more quickly from the 
combustion of their above-ground parts than dwarf-shrubs, sometimes 
regaining their former stature and bulk within one or two growing seasons. 
Dwarf-shrubs take longer to regain height and bulk, although species such 
as Calluna vulgaris, Juniperus communis, and Vaccinium myrtillus 
eventually will grow taller than the grasses. This means that dwarf-shrubs 
lose ground unless they have sufficient time between fires to overtop these 
competing species. Plants with rhizomes (e.g. Vaccinium myrtillus and 
Vaccinium vitis-idaea) have underground parts with well-protected buds 
and reserves which are largely unaffected by fire, unless the fire is very 
severe and consumes the upper layers of the soil. This makes these species 
less sensitive to fire frequency as well as fire intensity. 

Frequent removal of the sheltering canopy of dwarf-shrubs makes 
conditions less favourable for those plants whose growth and survival 
depends on the maintenance of constant high humidity. This applies 
particularly to the more delicate bryophytes, especially many liverwort 
species. It also may affect some ferns such as Blechnum spicant, 
particularly on drier, eastern moorlands. However, some mosses (e.g. 
Polvtrichum spp. and Campylopus spp.) and crust-forming lichens, better 
adapted to the drier conditions immediately after fire, arc likely to be 
encouraged by frequent fires. Although frequent fires prevent the 
accumulation of large amounts of potential fuel material they also limit 
development of a moisture holding and insulating layer of dead plant litter 
and mosses. This reduces the protection afforded to the more fire sensitive 
plants, like surface-creeping dwarf-shrubs and clubmosses, and increases 
the likelihood that the surface or upper layers of the soil will be damaged. 

Where burning is infrequent, or does not occur, there are also distinctive 
effects. The sheltered but not completely shaded conditions under and 
among the dwarf-shrub bushes provide conditions similar to those under 
woodland and this favours the growth of bryophytes and certain lichens, 
particularly if the area also is relatively undisturbed by larger grazing 
animals. Flowering plants, with the exception of the dwarf-shrubs, and 
possibly invading tree and shrubs, are usually not very varied or abundant 
since patches of bare ground suitable for seedling germination and growth 
arc very limited due to the dense growth of bryophytes or lichens, or the 
shade cast by the dwarf-shrub canopy. Only the more shade-tolerant 
species, such as Deschampsia flexuosa, Listera cordata or Pyrola spp., or 
species with long-lived seeds which can persist until rare openings appear 
(e.g. Carex pilulifera), are likely to be at all frequent and even they arc 
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usually relatively inconspicuous. The grass Deschampsia flexuosa can 
form vigorous clumps or tussocks in any gaps in the vegetation and it can 
very quickly grow, flower, disperse seeds and spread in one to two growing 
seasons after a fire. 

In a previously burnt patch of dwarf-shrubs all the plants may grow and age 
at roughly the same rate. This means that in the absence of further burning 
the dwarf-shrubs may go through cycles of abundance. Eventually, 
however, an uneven mixture of dwarf-shrub plants of different sizes and 
ages will develop in the absence of burning. This end point is likely to be 
reached more quickly if the starting point is not a dense, uniform stand of 
tall Calluna vulgaris or Vaccinium myrtillus. The development of an 
uneven-aged stand is promoted by the ability of many of the dwarf-shrubs, 
including Calluna vulgaris, to rejuvenate by forming roots on trailing 
stems or branches ("layering"). This occurs widely but is most frequent 
and strongly developed in moist, humid situations where the trailing stems 
are growing through a dense mat of plant litter and mosses but where there 
are still light gaps in the vegetation which permit the survival of shoots and 
foliage carried by the trailing branches. This process can result in the 
development of widely spreading but vigorous bushes. These can quite 
quickly grow into any small gaps caused by the death if individual stems. 
In dense, tall patches this tends not to occur because trailing stems become 
suppressed by heavy shading. 

On drier, mineral soils in warmer parts of the east the frequency of fires 
should be considered frequent if the fires occur at intervals of less than 10 
years, and moderately frequent if the fire return period is 1 0 - 2 0 years; 
while in wet, cold, exposed locations in the west, or at higher altitudes, 
these periods should be doubled. 

Tussock grassland 

In some areas tussock grasslands arc burned frequently. For example, 
Molinia grasslands in the west may be burned nearly every year. However, 
burning usually is less frequent than this although still frequent by the 
standards of muirburn in dwarf-shrub habitat. Burning is carried out to 
reduce the amount of standing dead litter in the vegetation, making green 
material more accessible to grazing livestock, and to encourage an earlier 
flush of green material in the spring. Earlier spring growth is probably 
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triggered mostly by the increased temperature fluctuations experienced by 

plants growing in the dark surfaced ground following burning. 

The amount of standing biomass of tussock grasslands is similar to that in 

dwarf-shrub heaths if the tussock core material is included. The amount of 

dead leaf litter potentially available as fuel is similar to the amount of fuel 

in pioneer to early building phase heather stands. The amount of potential 

fuel available depends on time elapsed since the last fire, the removal of 

plant production by grazing, and the moisture content of the litter. Fires 

can, therefore, potentially be as intense as in heather, with similar 

maximum temperatures having been recorded. However, the amount of 

fuel, the way it is distributed in space and the distribution of moisture in it, 

mean that fires are generally not as intense as in dwarf-shrub stands and 

average temperatures are much lower. Often much litter remains damp and 

unburnt. 

Although tussocks usually provide concentrations of fuel, the basal buds 

and internodes of the tussock-forming graminoids are usually well 

protected from damage. Characteristics that confer resistance to damage 

include the high density of basal shoots, protective leaf sheath coverings, a 

high moisture content, and insulation by associated moist litter. This is 

clearly seen in Molinia caerulea: the buds and swollen basal internodcs 

("bulbs") are 5 cm - 7.5 cm below the abscission layer at the base of the leaf 

blades, which usually marks the limit of burning into tussocks, and are 

therefore little affected by burning. However, every time there is a fire 

some of the protective litter is removed. If burning is frequently repeated 

tussock size may be reduced as a result of death of more exposed, 

peripheral tillers. Frequent burning may also lead to reduced plant 

production. 

Vegetative recovery of tussock-forming species is usually rapid with 

substantial regrowth during the summer following winter burning. Fires 

during the growing season, when the vegetation is dry enough to burn, 

have much more damaging effects from which even tussock species may be 

slow to recover. Associated species may not recover as quickly, often 

having been more severely damaged in the fire, and frequent fires may 

reduce the diversity of associated species. Frequent fires are likely to 

favour the spread of the dominant tussock-forming spccics although 

individual plants may at the same time show reduced tussock size. 

Moderately frequent burning is likely to help to maintain the presence of a 

range of herb species while infrequent burning will tend to promote tussock 
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senescence and permit dwarf-shrubs to become dominant (if they are 
present). 

Regeneration from seedling growth can also occur although good seedbed 
conditions may not be present either because of a lack of exposure of soil 
after the fire or because of lack of consolidation of otherwise suitable 
substrate. If bare humus or soil is exposed it may take two to three years to 
consolidate sufficiently to provide a good seedbed, by which time any 
seedlings are likely to face severe competition for light from parent plants. 
A rapid increase in Deschampsia Jlexuosa in the first two to three years 
after burning, as a consequence of prolific flowering and seed production, 
can be a conspicuous feature of burnt areas which are little grazed. 

The following can be used as a guide to assessing frequency of burning in 
relation to the average time between fires: frequent, 3 years or less between 
fires; moderately frequent, 4 - 1 0 years; and infrequent, more than 10 years 
between fires. 
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