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MUCH of the recent literature on fire as an ecological factor, particularly in North America, has been concerned with
"prescribed burning" as a means of vegetation management. Interest
has centred largely on the applications of controlled burning in
forestry practice for promoting the regeneration of desired tree
species, extending habitats for wildlife and game, and reducing the
risk of accidental, destructive fires. However, the use of fire for
these purposes in suitable types of forest has come only recently if
at all. Policies of maximum protection against fire have generally
prevailed, and as a result there has as yet been little scope for investigating the impact of periodic burning on woodland ecosystems.
Indeed, full ecological analysis must await the outcome of long-term
experiments.
Forest management is directed towards maintaining a community
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structure not greatly different from that of the natural vegetation
which would have existed in the absence of man, and such use as is
made of fire serves this general objective. However, in other circumstances fire has been used deliberately to replace forests by vegetation of different, simpler struCture; notably in the case of certain
types of savanna, grassland and heath. In some instances of this kind,
prescribed burning has been carried on systematically for very considerable periods of time. In contrast to the situation in forest management, these offer excellent opportunities for investigation of the
long-term impact of this factor upon the ecosystem. Heathlands in
Britain provide an interesting example of this type of vegetation
management by fire, and offer excellent scope for the development
of studies in fire ecology.
The word 'heath' derives from Germanic . languages (German:
'Heide'; Swedish: 'hed'), referring to vegetation which in the past
has been conspicuous in the landscape of W. Europe, remaining so
in parts of Britain today. Various different types of plant community
have been described as heath (grass-heath; moss-heath etc.), but
strictly the term should be applied only where the dominant lifeform is that of the ericoid dwarf-shrubs. Trees and tall shrubs are
lacking or very sparse in heathlands, which are characterised by
dense stands of evergreen, small-leaved dwarf-shrubs forming a
canopy at about 50-70 cm. above ground level (Fig. 1). Associated
dwarf-shrubs, grasses and forbs may form discontinuous strata below,
and there is frequently a ground stratum of mosses or lichens. This
kind of community structure occurs in various parts of the world,
especially in montane habitats, but is nowhere so extensive as in the
oceanic and sub-oceanic parts of temperate Europe, from S. Scandinavia in the north to W. France and N. Spain in the south. In this
region, heaths are so widely dominated by one or other of a small
number of Ericaceae that, in several languages, the name of the
vegetation-type is employed in forming the common names of some
of these species, as in 'heather' or 'Heidekraut' for Calluna vulgaris,
and 'bell heather' or simply 'heath' for Erica cinerea. The most widespread of these is Calluna vulgaris, which covers extensive areas in
Britain and neighbouring countries bordering the N. Sea. In upland
regions these are frequently named 'moors' or 'moorland' (e.g. the
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FIG. 1. A typical view of the Scottish uplands showing (foreground) heathland
dominated by Calluna vulgaris (heather) and (middle distance) forest plantation.
Photo by The Nature Conservancy.

Scottish moors), but since they too show all the characteristics of
heaths outlined above it is convenient to retain the one title.
We are not here concerned with the sub-alpine and low-alpine
heaths which constitute a regular component of the altitudinal
sequence of zones above the tree limit on mountains in many parts
of Europe. From the viewpoint of fire ecology, interest centres on
the heathlands of medium and low altitudes belonging to the geographical region defined above. In the northern part of this region,
they occur within the natural range of the northern coniferous
forest; in the southern part they lie in the zone of the W. European
broad-leaved deciduous forest. Not only does heath frequently border
onto woodlands, but accumulating evidence from pollen analysis
overwhelmingly supports the view that the great majority of heath
areas formerly supported forest. This applies as much to Britain as
to Sweden, Denmark, Germany and France.
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In areas still supporting remnants of the native woodlands, peat
deposits show recurring layers of charcoal indicating periodic fires
in the past. Durno and McVean (1959) describe evidence, both from
charcoal deposits in soil profiles and charred tree stumps preserved
in the peat, of a number of forest fires in Boreal and Atlantic times
at a site in the W. Highland region of Scotland where today a
remnant of the native forest persists. This evidence suggests that before man had any significant impact the formerly extensive woodlands in N. Britain were subject to lightning fires, although as the
climate of Britain, and Scotland in particular, became increasingly
oceanic their ecological effects may have diminished. The earliest
signs of intentional use of fire for forest clearance can be dated at
about the beginning of the Neolithic period (from ca. 2500 B.c.).
At first clearance was local and temporary, representing a form of
shifting cultivation in which a site was opened up probably by felling
and burning, used for a short time for crops, and later abandoned.
First described from Denmark by Iversen (1949) and later by
Jonassen (1950), the evidence for this "landnam" or "land-taking"
consists of temporary declines in the proportion of tree pollen in
the pollen diagrams, associated often with the presence of charcoal
and with the pollen of cereals and weeds (e.g. Plantago lanceolata).
Durno (1957) and Morrison (1959) have produced evidence of
similar effects in Scotland and Ireland respectively.
These encroachments into the dominance of forest in W. Europe
were reversible, but from about the beginning of the Iron Age (ca.
500 B.c. onwards), a lasting decline in the quantity of tree pollen
indicates more permanent forest clearance. Settled agriculture developed more or less contemporaneously with increased oceanicity
of climate from the beginning of the Sub-Atlantic period. Both factors inhibited the return of trees to the cleared areas, which in addition to crops were now more widely used for grazing domestic
animals.
Besides the signs of cultivated cereals and weeds, reductions in
tree pollen are generally associated with increases in the pollen of
grasses and heath species (Ericaceae). This applies in the case of
'landnam' but also increasingly as more permanent forest destruction
took place. From this period therefore, the effect of man's impact
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upon the forest was to permit the spread of grassland and heath
vegetation, the latter more especially on the acid and less fertile soils
or peats, and in the upland districts. Heaths began to spread, for
example on the N. German plain, the glacial outwash soils of Jutland
in Denmark, and in Britain on the sandy areas of S. E. England and
the humic soils of N. England and the central and eastern Highlands
of Scotland.
Fire was used by these early occupants of the land as one of the
means for replacing forest vegetation by communities of simpler
structure. In part, these were the artificial communities of arable
land, but a greater proportion of the area was allowed to be colonized
by naturally-occurring species which were suitable for grazing.
Except where fertile soils favoured grasses and clovers, the oceanic
climate encouraged the spread of heath species which were already
commonly present in the glades and clearings of the native pinebirch forest or oakwood on acid soils, and above the tree limit on
the hills. During the historical period, further inroads were made
into the forests for various purposes. These included the extraction
of timber for constructional purposes, especially for ships, and the
preparation of charcoal for smelting iron. As the woodlands of England were depleted during Elizabethan times, iron ore was transported increasingly to Scotland where fuel was available in the
Highland region, with the result that even the remoter forests suffered this onslaught.
The purpose of outlining this history in some detail is to explain
the widespread depletion of forest cover in N. Britain and the appearance, by about the 18th Century, of extensive areas of heath. At
first these were used by the expanding Highland clans for grazing
their domestic stock, especially cattle. This grazing regime, doubtless
supplement~d by occasional burning, was adequate to prevent the
return of trees, and a balanced use of herbage was achieved by
grazing at high altitudes in the summer (the men occupying lonely
shielings, the foundations of which can still be seen), and returning
to the glens in winter. However, with the appearance of hardy breeds
of sheep, notably the Blackface and Cheviot, the landowners began
to realise the potential profitability of the open, tree-less countryside
for sheep-rearing on a large scale. The highland region was already
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somewhat overpopulated with small farmers who now became
redundant, and suffered from the notorious mass evictions which
led to migration in large numbers to North America, Australia
and elsewhere.
Sheep were now the only type of herbivore using the hill grazings,
instead of the earlier mixture of cattle, sheep and goats, with cattle
predominating. It soon became apparent that sheep grazing alone was
not adequate to keep the herbage in a productive condition and to
prevent invasion by woody species. Sheep are selective grazers,
putting heavy pressure on the more palatable and nutritious species
and consequently allowing others, such as bracken (Pteridiu11l
aquilinum), to spread at their expense. At first high sheep densities
could be supported and burning was, therefore, not so necessary, but
later, as the botanical composition of the grazings deteriorated and
difficulties were encountered in providing sufficient winter keep, the
grazing intensity to some extent declined. From the shepherds' viewpoint the heaths were then undergrazed. Under these conditions
regular burning became the accepted practice, both to prevent the
development of birch scrub and to promote the growth of young,
nutritious shoots of heather (Fig. 2).
British heathlands, at least in the north, therefore have a history
of regular burning dating at least from about 1800 and possibly
earlier, preceded by a more occasional and haphazard use of fire for
varying periods depending upon the date of forest clearance. From
this time, shepherds adopted the principle of a 10-year burning rotation, so that by burning Yt 0 of their area each year every part was.
fired once in 10 years. Because of the effort required in difficult
country this was not always achieved, but as no objection was raised
to burning large areas at a time, the ideal was approached more or
less closely. For nearly 2 centuries burning has remained standard
practice for the sheep farmer in these districts, although the economic
importance of hill sheep has further declined.
However, the expansion of heath had an additional consequence.
This was an increase in the population of the native Red Grouse,
Lagopus scoticus, whose diet consists very largely of heather. Landowners began to exploit the value of this as a game bird from about
1850, compensating for the declining returns of sheep farming. Both
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FIG.

2. Heather burning in March on a Scottish heath. Photo:

J.

B. Kenworthy.

activities continued together on the same ground, but the shepherds'
practice of burning large areas was not approved by gamekeepers
who at first preferred to see tall cover and favoured burning in
smaller patches. The total acreages burnt each year dropped and tall,
old heather occupied an increasing proportion of the whole. However, grouse bags declined alarmingly and were. disastrously low in
1872 and 1873, so that a Committee of Enquiry was set up. In its
report, Lord Lovat (1911) re-affirmed the necessity of regular burning, and while recent work has demonstrated that to maintain the
maximum density of breeding pairs a pattern of numerous small fires
is desirable (Figs. 3, 11), it has confirmed the importance of maintaining a regular cycle so that each patch is burned at intervals not
exceeding 12 to 15 years at the most.
Because of these changing systems of land use, no area of heath299
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FIG. 3. A well-managed heath showing the pattern produced by small fires in
different years. Each patch is an even-aged stand of heather, differing according
to the number of years since burning. Far right, 1 year since burning; centre, 5
years since burning; foreground and upper centre, 10 years since burning. Experimental cages in position to exclude grazing. Photo: J. B. Kenworthy.

land will have had consistent treatment. However, it seems likely that
on many of them burning, with subsequent regeneration of the vegetation, will have occurred at least 10 to 15 times in the past 200 years,
and more spasmodically on an unknown number of occasions previously. It is, therefore, of great importance to establish in more
detail the ecological background of this treatment and its long-term
effects on the ecosystem. Much work has been focussed on this
problem in recent years in the University of Aberdeen, the Nature
Conservancy, the Hill Farming Research Organisation (Edinburgh),
the Macaulay Institute for Soil Research (Aberdeen) and other
organisations.
300

BRITISH HEATHLAND ECOSYSTEMS

AIMS OF HEATHLAND MANAGEMENT BY BURNING

Heathland is in most cases a man-made vegetation type, replacing
forest. It has been found profitable to maintain it as grazing land, or
for purposes of sport, or both. None the less, in relation to agriculture it is marginal land which can yield a financial return only
when used extensively rather than intensively, and only if management costs are minimal. Burning is an inexpensive way of maintaining the character of heathland. However, other purposes are served
at the same time. As heather plants increase in age both the production of edible material (mainly the current year's growth on peripheral branches, together with the short-shoots which persist for 2-3
years) and its nutrient content decline, while the woody parts constitute an increasing proportion of the biomass and the branches become long and straggly. Following burning, regeneration may take
place either by the establishment of seedlings, or vegetatively from
the stem base if this survives (Figs. 4,5). Once the stand has been
reconstituted, both the quantity and quality of the edible material
is restored. Burning therefore brings about a rejuvenation of the
stand.
Furthermore, in the absence of burning and grazing the population of heather eventually becomes uneven-aged, a mosaic of old and
young plants with numerous gaps. Regular burning on the contrary
creates an even-aged stand, with a dense uniform canopy (Figs. 1,3).
Although some associated species survive both fire and the dominance
of heather, the product approximates to a monoculture of Calluna
vulgaris. From the shepherd's or gamekeeper's viewpoint this is desirable, because on the relatively infertile podsols or peaty soils
Calluna is often the most productive and nutritious species, constituting a large proportion of the diet of hill sheep, and often from 80100 percent of that of grouse. It has also the advantage of providing
a source of food throughout the winter, as well as in the summer.
The critical factor in the achievement of these aims by means of
controlled burning is the response of heather to the effects of fire.
This, in turn, is related to a sequence of phases in the life history of
an individual heather plant (Watt, 1955; Gimingham 1960; BarclayEstrup and Gimingham, 1969). These phases were also described by
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FIG. 4. Vegetative regeneration of heather: two seasons after burning. In the foreground: pioneer heather protected from grazing; beyond the fence: redevelopment
of the stand has been affected by grazing.

Kayll (1967), and may be summarized as follows. Undamaged
heather plants in lowland environments have a life span not normally
exceeding 30-40 years. The first or 'pioneer' phase (Figs. 4,5), lasting about 6 years, is one of establishment when the plants are small
and generally pyramidal in shape. Instead, however, of continuing
growth in a leading apex, numerous radiating frame-branches soon
produce a dome or hemispherical shape in an isolated plant, as it
passes into the 'building' phase (Fig. 6). Foliage-bearing short shoots
are borne densely at the periphery, producing a compact canopy
which allows little light penetration. Plants of the same age growing
in close proximity one to another may join to form an even or
undulating canopy, their lower lateral branches being shaded out and
shed. Later, usually at around 14-16 years of age, plants pass into
a 'mature' phase in which peripheral extension growth is reduced
and there is a tendency for the canopy to thin out near the centre
(Fig. 7). This is increasingly evident when the plant passes into the
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FIG. 5. As Fig. 4: Appearance of pioneer heather, showing clusters of shoots
sprouting from old stem-bases.

'degenerate' phase at an age of about 25 years. The central branches
collapse and die back leaving an expanding gap in the middle, surrounded for a time by a ring of still active shoots formed from
peripheral branches, now more or less prostrate (Fig. 8).
In an individual plant, the rate of production of new shoots is
maximal, in relation to biomass, in the pioneer phase, remaining high
during the building phase but declining thereafter. The concentration of major nutrients in the young shoots is highest in plants of the
early pioneer phase, falling by the age of about 6 years to a level
which remains fairly constant thereafter. However, in a developing
stand both the total cover of Calluna and its biomass are increasing
up to the end of the building phase. Hence, up to an age of about 7
or 8 years the gradual decline in nutrient content is more than offset
by an increase in the quantity of edible material per unit area, but
after about 10 years the value for grazing begins to decline signifi-candy. This decline can be postponed by persistent defoliation, for
example by clipping or intensive grazing, but as explained above,
303

c.

H. GIMINGHAM

FIG. 6. A stand of heather in the building phase, about 8-10 years old. Note the
dense canopy and abundant flowering.

FIG. 7. An individual plant of heather in the mature phase between 15 and 20
years old. The canopy is just starting to open in the centre of the bush.
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FIG. 8. An individual plant of heather in the degenerate phase--over 25 years old.
Central frame-branches have died and collapsed leaving a gap which is open to
colonization by other species. Peripheral branches survive, having rooted adventitiously in the surface humus.

this cannot be achieved in practice using sheep alone. An explanation
is therefore provided of the need to burn at intervals not greatly
exceeding 10 years, if production and feeding value are to be maintained.
Heath burning can, therefore, be said to aim at keeping as much
as possible of the total area in the building phase. Stands should not
be allowed to become mature or degenerate; furthermore conditions
should be such as to encourage quick regeneration and passage
through the pioneer phase. This interpretation receives additional
support from investigations on the direct effects of fire upon heather
plants.
Regeneration is most rapid and uniform when, although the above
ground parts of the plant are almost completely consumed (Fig. 9),
the stem bases at ground level remain alive, retaining the capacity
to produce clusters of new shoots. These grow rapidly, fed by an
already mature root system. The shepherd's and gamekeeper's main
305

FIG. 9. Appearance of the ground surface after a well-controlled fire. All vegetation, with the exception of short lengths of charred stem of Calhma, has been consumed, but the litter and surface humus remains undamaged.

concern is to burn under conditions which permit maximum vegetative regeneration. Cover may then under favourable circumstances
be re-established in 3-4 years, whereas 6 or more may be required for
regeneration from seed alone. Vegetative regeneration, however, is
normally accompanied and reinforced by seedling establishment.
Indeed, there is evidence (Whittaker and Gimingham, 1962) that,
in respect of germination, heather has become to some extent fireadapted. Both the amount and rate of germination are improved
when seeds are given heat pre-treatment ranging from 1 minute at
40-80 D C to 25 seconds at 160 D C.
A first essential in reaching further understanding of the effects
of fire upon heather plants is to obtain some measure of the temperatures generated in heath fires, and their duration. This information
was not available until 1961 when Whittaker reported the results
of using simple thermocolour-pyrometers in heath fires in N. E.
Scotland. She found that at about 20 cm. in the heather canopy,
temperatures between 500 D C and 840 D C were commonly reached.
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Usually there was a steep decline in temperature from this level to
the ground surface, where the range was normally 300°C-500°C.
Temperatures of this order were recorded in fires regarded as successful in clearing most of the above-ground vegetation, but no
indication of their duration was given by this method. Using thermocouples placed in the vegetation and soil, connected to recorders by
buried leads, Kenworthy (1963) and Kayll (1966), both working
also in N. E. Scotland, confirmed and extended Whittaker's observations. Kenworthy recorded a temperature of 940°C in the canopy on
one occasion, and he gives 670°C as the average maximum for 35
fires. Kayll's figures are somewhat lower (about 250°-500°), but
both workers found that high temperatures (e.g. 400°C or more)
are maintained only for 1;2-1 minute, and that there is a return to
the ambient temperature by not more than 2% minutes after the
initial rise. Kayll reported that at the soil surface temperatures
seldom exceeded 100°C. Numerous workers have commented on the
efficacy of humus or surface peat as insulators. Whittaker found that
when 400°C were registered at the soil surface, the increase in temperature at a depth of only 1 cm. was no more than 30°C. She
showed that heather litter, cushion mosses and lichens were only
slightly less effective in this respect than peat and humus.
The considerable variations in the intensity of heath fires can be
attributed to the interplay of a number of factors. Whittaker emphasised the effects of wind and of the moisture content of the
vegetation and soil. Up to a point, increasing wind increases heat
generation, but in headfires this effect is eventually offset by the more
rapid passage of fire through the vegetation. Whittaker (1960) and
Kayll (1966) both measured this rate on various occasions, obtaining
figures ranging from 3 to 30 ft/min. In Scotland, as pointed out by
Kayll, the general practice is to burn with the wind, but elsewhere
(for example, in N. E. England) "backfires" are frequent, and these
move more slowly, sometimes producing higher temperatures.
The effects of weather, both before and during the fire, on the
temperature produced were also emphasized by Kayll (1968). The
cooler fires were shown to consume only about 30 percent of the
available fuel, in contrast to about 90 percent in the normal "successful" fire. Conversely, the quantity of fuel present varies from one
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area to another, and must itself influence the temperatures produced.
This quantity is generally a function of the age of the stand, for the
biomass per unit area rises with age until the onset of the degenerate
phase. Furthermore, throughout the life of the plant, the proportion
of its biomass comprised of woody stems and "branches," more
readily combustible than the green shoots, rises. Kenworthy (1963)
stressed this factor, demonstrating that in the absense of major variations in the weather, both the maximum temperatures and the duration of high temperatures increase with advancing age of the stand.
Although the temperatures quoted do not approach those of crown
fires in forests, they agree closely with records from other dwarfshrub and grassland communities in many parts of the world. For
example, fires in savanna grasslands usually produce temperatures between 150 C and 650 C at 0.5 m. above ground, and 90°C-340°C
at the soil surface (Pitot and Masser, 1951; Hopkins, 1965); the
duration of high temperatures seldom exceeds % minute. Somewhat
higher values of 715°-850°C near the soil surface are quoted by
Guilloteau (1956) from the Sudan while Japanese grassland fires
produced 500 -800°C at about 20 cm. and around 200° at the soil
surface (Iwanami, 1969; Iwanami and Izumi, 1969). Daubenmire
( 1968) gives an extensive review of the characteristics of grassland
fires.
Observations and experiments have shown that the ability of
heather to regenerate vegetatively relates both to the temperature of
the fire and the age of the plant. Numerous investigators (Lovat,
1911; Wallace, 1917; Elliott, 1953; Nicholson and Robertson, 1958;
Gimingham, 1960; Kayll and Gimingham, 1965; Miller and Miles,
1970; Mohamed and Gimingham, 1970) have demonstrated a decline
in ability to regenerate with increasing age. Two explanations have
been offered. Mohamed and Gimingham (1970) have shown that
new shoots appear in clusters from localised positions related to
former branching points, and suggest that continued formation of
secondary wood gradually engulfs these potential sprouting centres.
Miller and Miles (1970) have shown, on the other hand, that as a
stand ages, self-thinning progressively reduces the density of tillers
(i.e. branches with their bases at or below the soil surface), hence
also reducing the number of potential sprouting centres per unit area.
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Both processes may contribute to the general finding that after
reaching an age of 15 years the capacity of a heather plant to regenerate after fire is gradually impaired.
Even in the younger plants, however, regeneration is affected by
fire temperature, for the hotter fires may kill the majority of plants.
Here the temperature reached at or just below soil level is critical,
because this is the position of potential sprouting sites. Lethal values
have not been determined, but regeneration from these sites is usually
unaffected by fires producing 4-500°C in the canopy and 200° or
less at the soil surface, while hotter fires either destroy exposed
sprouting centres leaving only those buried just below the surface,
or-at higher temperatures-kill the whole plant. However, the
damaging effects of high temperatures may be much reduced in the
presence of an insulating layer of humus, mosses or lichens around
the stem bases.
From two directions, these investigations reinforce the conclusion
that if heather is to be managed by burning, the interval between
fires should not exceed 15 years. In the first place, older stands tend
to generate lethal temperatures, and in the second, the capacity of
the plants themselves to regenerate vegetatively becomes inadequate.
They indicate that a well managed ~re, which effectively removes
most of the aerial parts of the vegetation while permitting vigorous
vegetative regeneration (Figs. 4,5,9), is one in which temperatures
of about 4-500°C are developed in the canopy. The success of the
system of management is dependent on the experience of shepherds
and gamekeepers. Only in so far as this ensures that burning is always
carried out when conditions will produce fires conforming to the
limits here stated, may it be described as controlled burning.
Burning is restricted by law to the period between October 1st
and April 15th (with the possibility of extension to April 30th in
wet seasons). This imposes a choice between autumn (October and
early November) and spring (March and early April) fires. The
relative merits of these seasons for burning has been a matter of
controversy: in Scotland the spring months are favoured, but in
N. England much burning is carried out in autumn. Investigations
by Miller (personal communication) have suggested that regeneration after autumn burning can be nearly twice as good as after
309

c.

H. GIMINGHAM

spring fires, although the cause of this difference has not been
determined. Daubenmire (1968) has reported that after grassland
fires new shoots may appear several weeks earlier than usual. Should
this also be the case in heather, new growth in spring might be subject to adverse weather conditions, whereas in autumn it would in
any case be held back by the onset of the winter, and might then
begin at the time normal for resumption of growth. Whatever the
cause, the tradition of spring burning, dictated perhaps by the availability of suitable weather conditions or other factors, apparently
fails to produce the best vegetative regeneration.
ECOLOGICAL EFFECTS OF HEATHER BURNING

A fire causes extensive temporary changes in the structure of the
ecosystem. Daily and seasonal temperature fluctuations at the soil
surface are greater on recently burned than on vegetated areas,
while the bare ground is exposed to moving air and evaporation is
consequently increased. However, seed germination in Calluna is
actually improved by fluctuating temperatures, and a dense stand of
seedlings or cluster of vegetatively-produced shoots may soon retain
a layer of still, moist air close to the surface. Other changes at the
surface include the spread of algae and lichens: in N. Scotland
Lecidia uliginosa spreads like a film over the raw humus and old
Calluna litter, possibly restricting regeneration for a time (G.A.M.
Scott, personal communication).
Nutrients formerly contained in the vegetation are deposited on
the soil surface in the ash, or lost to the system in smoke. Some
lysimeter-type experiments carried out by Elliott (1953) suggested
that considerable quantities of the nutrients contained in the ash
could be dissolved in rainfall and might be lost to the system by
downward drainage through the soil profile, or run-off from the
surface. Kenworthy (1964) and Allen (1964) showed that loss of
nutrients in smoke increased with the temperature generated in the
fire. In fires producing about 600°C in the canopy over 60 percent
of the nitrogen contained in the vegetation is lost in smoke. Quantities lost increase with temperature, and above about 800° the loss of
other elements including phosphorus and potassium may become
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significant. Elliott calculated that 1-1.5 percent of the total fund of
nutrients contained in the vegetation and upper horizons of the soil
might be lost after each fire. Allowing for the possibility of at least
10 successive fires on the same area in a 200-year period, a general
decline in nutrient content of some 15 percent due to burning
management was envisaged.
This finding, in agreement with an apparent decline in productivity in the Highland area generally during this period, attracted
a good deal of attention. However, no test had been made of the
applicability of these very artificial experiments to field conditions,
and it was pointed out that no account had been taken of sources
of input of nutrients to the system. Input from weathering of
mineral material may here be taken as negligible, but on the other
hand in an oceanic climate rainfall contributes appreciable quantities
of dissolved nutrients. Subsequent calculations, following analysis of
the rainfall reaching these ecosystems, indicated that over a 10-year
period the input of K, Ca, Mg. etc. was more than adequate to compensate for losses following a fire, on the assumption that ions contained in rain become available to the system in the rooting region
of the plants. Only in the case of Nand P did it appear that there
might be a net loss to the system (Allen, 1964; Robertson and
Davies, 1965).
This permits a more balanced judgement on the effects of burning on nutrient levels in the ecosystem. So long as fires are properly
controlled, it appears that this form of management can be conducted
without serious detriment to the system except as regards Nand P.
This conforms with the finding that it is in these elements that most
heath soils are notably deficient. (Nitrifying activity in heath podsols
is in any case low).""
• These findings are the subject of a comment by Mount (1969) which appeared
in the most recent volume of these Proceedings, after the present paper was completed. Since this comment 9uestioned the interpretation here adopted, some further
explanation is perhaps reqUlred. Although the amounts of "total N" in the upper
10-15 cm. of heath soil profiles may be appreciable, the C/N ratio is high
(normally over 15) and both nitrification and nitrogen fixation are restricted.
Heath vegetation roots mainly in this layer, and takes up a large proportion of the
limited amounts of soluble N available for circulation in this ecosystem. That
the supply of this nutrient is limiting, or approaching limiting levels, is shown
by the marked response of improved growth by heather when nitrogen fertilizer
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However, depletion of the nutrient fund is not the only possible
consequence of repeated burning. As already indicated, trees are
eliminated and a number of heath species are also directly susceptible
to frequent recurrence of fire. Among these are the tall shrub
Juniperus communis which in Britain is confined to situations escaping all but the occasional fire, whereas on the continent of Europe
it is a widespread heathland species, largely owing to the lack of
systematic management by burning. Other species gradually eliminated by this treatment include the fern Polypodium vulgare, some
Ericaceous species such as Vaccinium vitis-idaea (Fig. 10), Empetrum
nigrum, etc. In general, species lacking the power of rapid regeneration from the stem base or underground parts are the most susceptible.
Furthermore, as explained above this system of management in
effect ensures that a high proportion of the total heathland area is
covered by even-aged stands of heather in the building phase. When
the microenvironment is investigated, building and mature stands
contrast strikingly with pioneer and degenerate stands. Canopy
density is maximal in the building phase and this is correlated with
minimal illumination and air-movement close to the ground. Temperatures fluctuate less in the building phase than in any other and
the atmosphere remains close to saturation throughout most of the
year. The more open nature of the cover in both the pioneer and
degenerate phases exposes the soil surface to greater extremes of
temperature and evaporation, but, perhaps more important, scarcely
restricts illumination at this level. In addition, growth and production have been shown to be most vigorous in building heather which
is, therefore, in all respects at its most competitive in this phase.
is added. The experimental results mentioned above indicate that, when the
vegetation is butnt, not only is a certain quantity of N lost to the area in smoke,
but the regenerating stand creates a demand for available N which may well be
heavier than the rainfall input can supply during the period of years up to the
next fire.
Two further points are relevant: 1) regular burning encourages the dominance
of Calluna which continues to contribute a litter slow to break down and release
its N, thus further limiting the fraction available for circulation; and (2) as shown
earlier in this paper, to allow good regeneration the effects of fire at ground level
are kept to a minimum, so there is unlikely to be any significant promotion of
nitrification at the soil surface, such as results from burning some other types of
vegetation. From several standpoints, therefore, it appears that the nitrogen status
of the soil may suffer to some degree from regular heather butning.
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FIG. 10. Cal/una vulgaris (heather) with Vaccinium vitisidaea (Cowberry. Scottish
Cranberry) a northern and upland European heath-type. Upper right: Pteridium
aquilinum (Bracken).

Correspondingly, the cover of all associated species is least in this
phase: sometimes they are entirely lacking, leaving a pure stand of
heather, a monoculture in its fullest sense. Watt (1955) demonstrated
quantitatively the marked reduction in frequency and performance
of bracken fronds (Pteridium aquilinum) in patches of building
heather, in comparison with those amongst heather of other growthphases. Similar results have been obtained for other species, including
bryophytes and lichens. The invertebrate fauna is also affected. Only
those species such as millipedes and centipedes which require sheltered humid environments occupy building and mature stands,
whereas a greater diversity of types including ants, spiders, phalangids etc. require the conditions associated with pioneer or degenerate heather.
This uniform, dense stand of heather also contributes considerable
quantity of litter to the soil surface. The quantity increases with
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increasing age of the plants, from llbout 1000 kg/ha in the early
building phase to about 3000 kg/ha in the degenerate phase (Chapman, 1967). The hulk of this litter consists not of leaves alone but
of the leaf-bearing short shoots, as well as a proportion of the
woody long shoots and weaker branches, and at certain times of the
year flower parts. Of this material, a large proportion consists of
lignin; breakdown is slow, and a layer of black, acid, raw humus
accumulates on the surface. This promotes podsolization processes,
and the majority of heath soils are strongly podsolized. Insufficient
work has yet been done to quantify the effects of heather monoculture in hastening podsolization, but observations suggest that these
are significant even where podsolic soils would in any case have
existed under Pinus sylvestris. Hard iron pans occur frequently in
the heath soils of N. Britain, sometimes impeding soil drainage to the
extent that the upper horizons become waterlogged. Peat development results, and the composition of the plant community alters in
the direction of bog (e.g. with increasing proportions of Sphagnum).
THE DANGERS OF MIS·APPLICATION OF FIRE

The studies so far reviewed have aimed at discovering the ecological effects of heath management by fire when this is properly controlled and achieves the desired ends. The scope for its mis-application whether in ignorance or by accident, is however considerable.
McVean and Lockie (1969) suggest that any use of fire is inappropriate in the more highly oceanic conditions of the W. Highland
region, where peat-forming vegetation is extensive. This, however,
is in the main not heathland as defined above, although so-called
wet heath may be included, in which heather is associated with
cross-leaved heath (Erica tetralix), heath rush (Juncus squa"osus),
bog myrtle (Myrica gale), etc. These communities grade into acid
grass or sedge communities dominated by moor mat-grass (Nardus
stricta) , purple moor grass (Molinia caerulea) , or cotton sedge
(Eriphorum spp.) , and into blanket bog, of which the sedge
Scirpus caespitosus and Sphagnum moss are the most important
species. In these communities the ericaceous dwarf-shrubs are less
vigorous and are generally eliminated by burning, which encourages
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the spread of the least nutritious and palatable species, particularly
N trrdus stricta and Scirpus caespitosus. Furthermore, regeneration is
invariably slow and the peat is consequently exposed to erosion. This
may be quite severe, resulting in spectacular peat "hags" or islands
of peat separated by gullies reaching down to underlying mineral
material. Despite this danger, burning, often of large blocks, is still
frequent in the West of Scotland, in the mistaken impression that
it improves the forage for red deer and for sheep.
Even in the central and eastern region where, as shown by the
foregoing discussion, burning is an effective means for managing
heather stands, mistakes are common. Any circumstance which results in delayed regeneration may have dangerous consequences. For
example, where heather has been allowed to exceed the age of about
15 years before burning, its capacity for vegetative regeneration is
impaired and excessively hot fires may be inevitable. Reliance is then
placed on regeneration from seed, which may be slow. Sometimes
this cannot be avoided, for since the war increasing costs and rural
depopulation have reduced the available manpower below the minimum necessary to maintain ideal burning rotations. There is always
a risk of misjudgement of weather conditions, or of wind changes
during the progress of a fire leading to development of excessive
temperatures and consequent delay of regeneration. The results are
two-fold. First, the surface humus may be exposed for a time to
sheet erosion by rainfall run-off or, on the steeper slopes, to gully
erosion (Fig. 11). Both are common, and are the more severe because the free-range system of sheep husbandry is responsible for
further delay in the re-establishment of cover (Fig. 4). Second, the
extended period during which the competitive vigour of heather is
low permits unwanted species to extend (Fig. 12), especially bracken
which has become one of the most serious weeds of the uplands.
On occasion, a fire gets entirely out of control. Not only is an
excessive area burnt, but in dry conditions the surface humus or peat
may burn and continue to smoulder for days or weeks. Sometimes
the humus layer is entirely destroyed, exposing the leached A2 of the
mineral profile. Even if this extreme result is averted, most of the
buried seeds are destroyed and for years the colonizing community
may be largely confined to lichens and mosses such as Polytrichum
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FIG. 11. Distance: well-managed hillsides, where the different stages of secondary
successions after small fires give the appearance of a patchwork. Foreground: peat
erosion. On the right a"peat hag", or bare eroding peat face, with removal of peat
down to the mineral substratum.

juniperinum. Re-establishment of closed cover may also be prevented
by excessively frequent fires, and although not as common a fault
as insufficient burning this sometimes stems from aimless firing of
heathland in ignorance of the erosion and destruction of wildlife
which result.
NATURE CONSERVATION

Unfortunately, even the normal 10-15 year burning rotation is
unfavourable for wildlife generally, and therefore to some extent
incompatible with nature conservation. Good burning management
is associated with a restricted and monotonous flora and fauna, the
latter largely confined to species which graze on heather (e.g. grouse,
blackcock, moun~ain hares) and their predators ( crows, foxes,
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FIG. 12. A fragment of heath which, on the left, has been protected from burning
and grazing for at least 50 years. Note the uneven canopy of heather and the pattern
created by numerous patches of other species. On the right, temporary dominance
of the grass Deschampsia flexuosa after a recent fire. Numerous seedlings of heather
are, however, established amongst the grass.

eagles), together with those invertebrates which require the type
of micro-climate obtaining under a canopy of building heather.
However, some heath communities have a varied and characteristic
assemblage of plants and animals, fully worthy of conservation on
account of their wildlife interest (e.g. the Dorset Heaths, England,
Moore 1962; Sussex heaths, Streeter, 1964; herb-rich heaths in Scotland, Me Vean and Ratcliffe (1962) , Ward, 1968). Although kept
free of trees and scrub, most of these examples have been less frequently burned in recent years so that the stands have become
uneven-aged and strongly patterned, with adjacent patches containing
plants at different phases of a cycle based on the life history of
individual heather plants (Fig. 12). Numerous gaps occur in the
canopy, creating variation in the microclimatic conditions and opportunities for the establishment of a greater diversity of plant and
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animal species. Management of heaths for nature conservation, therefore, involves prevention of tree and scrub colonization, perhaps by
the occasional use of fire, but also requires long periods free from
burning to encourage the development of pattern and an unevenaged population of heather.
CONCLUSION AND SUMMARY

Heathlands in Britain have a long history of regular subjection
to prescribed burning. This pattern of management continues at the
present time to serve the needs of hill sheep farming and the sport
of grouse shooting. Research has indicated that within certain limits
of climate and community composition, and with careful control of
fire intensity, this is a successful, indeed necessary, way of managing
heather stands for these purposes. The direct and indirect effects of
this factor upon the ecosystem are, however, numerous and require
separate consideration before a general ecological judgement can be
passed on the practice. Certainly the suspicion that serious depletion
of the mineral nutrient fund occurs during each repeated cycle of
burning and regeneration is now largely discounted, except perhaps
as regards Nand P. Indeed, regeneration of heather and other species
is encouraged by the temporary flush of available nutrients in the
upper layers of the soil after deposition of ash. The frequency of
burning also ensures that the heather is kept always in its most
vigorous and productive phase.
It is, however, also true that in these areas the species which regenerate most freely after burning are mainly shallow rooted plants,
producing acid, raw humus (McVean and Lockie, 1969). Podsolization processes continue, perhaps at an advanced rate, and nutrients
deposited in the B horizons are out of reach of most of the plants.
These processes are in part the consequence of deforestation and the
substitution of heath, by whatever means and in part are promoted
by regular burning. Hence, it can be concluded that while careful
management by burning itself does minimal damage to the habitat,
there are certain undesirable side effects of long continuance of this
system. Depanure from the strict conditions now established, or extension of the use of fire beyond certain definite limits of climate
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and vegetation, can so increase these effects as to tip the balance
towards rapid deterioration.
It seems probable that grouse shooting will for some time continue
to be a profitable form of land use, perhaps over somewhat more
limited areas than at present. Sheep farming as at present practised is
heavily dependent upon subsidies, and its economic future is uncertain. Even if it persists, it will be perhaps concentrated into smaller,
improved areas. Other forms of land use are being introduced, of
which the most important is forestry. Since British forestry has to
effect the return of trees to tree-less country, it is concerned entirely
with the establishment and management of plantations. Here, prescribed burning has no part to play except sometimes as a preliminary
preparation of the ground. On the contrary, every precaution must
be taken against destructive fire in forest plantations. This confronts
shepherds and gamekeepers with difficulties in the management of
heaths which border upon the forest, for burning can be carried out
only under the strictest control which demands the presence of a
considerable number of men. As the proportion of forest to heath
increases, these problems will increase. Probably the area of wellburnt heathland will decline, though owing to continued emphasis
on sheep and grouse the practice is unlikely to die out in Britain
as it has in all other countries of the heath region. It will still be
possible to follow its cumulative effects, and the results of long term
studies will have an important part to play in interpreting the effects
of prescribed burning applied in other contexts.
In addition to the productive forms of land use, the open landscape and, in late summer, the brilliant purple of flowering heather
in the hills, are of great aesthetic and recreational value and, particularly in Scotland, constitute a tourist attraction. If improved agriculture and forestry diminish the area of heathland in the near future
it will be urgently necessary to preserve examples of a vegetation
type which, although brought into being by man, has a great natural
beauty and, in some cases, wildlife interest. For these purposes, fire
will still be a necessary tool, though the traditional pattern of management may have to be altered. It is therefore of the utmost importance that all aspects of the effects of fire upon the animals,
plants and their habitat should be fully investigated.
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