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SCOTTISH PINE FORESTS.

1.  Introduction: History and Distribution.

The pine woodlands of the Scottish Highlands as a
climax forest ecosystem must be considered as part
of the Eurasian formation of Northern Coniferous
Forest, or Boreal Forest.  In Scandinavia the dominant
tree of this formation, as far north as Lapland is the
Norway spruce, Picea abies.  Further north in
Norwegian and Finnish Lapland this species is
replaced by forests of pine, Pinus sylvestris, and
then by birch, Betula tortuosa.  The spruce, however,
did not re-enter the British Isles in the Flandrian.  In
the early post-glacial, the Pre-Boreal and Boreal,
forests of birch and pine spread across the country
and invaded the uplands and highlands.  Towards the
end of the Boreal and into the succeeding Atlantic (the
climatic optimum) these trees were replaced in the
south by a forest of oak, elm, and lime, which in turn
extended northwards into the valleys and straths of
upland Britain.

The traditional picture that emerges of the potential
natural woodlands of the Highlands is one of oak
woodlands flooring the valleys and glens up to
perhaps 150m to200m.  Here on the mountain
slopes, particularly in the east and central Highlands,
they gave way to forests of pine which reached
altitudes of over 700m, wherever soils and exposure
permitted (the highest natural pines today are at
603m on Creag Fhiaclach in Glen Feshie in the
Cairngorms).  In the west pine woods were also
extensive, but restricted to more moderate slopes and
confined to lower altitudes than in the east.  Higher
still the pine is supposed to have given way to woods
or scrub of birch and/or juniper, while latitudinally , in
the north and northwest Highlands pinewoods were
replaced by native birch woodlands.  In other words
oak, pine, and birch were zoned altitudinally and
latitudinally.

Although broadly true this simple explanation needs
considerable qualification, for the relationship
between these woodland types is far from simple and
reflects many factors, of which, the most important
are; soils and drainage (i.e. edaphic conditions), local
climate and topography, and anthropogenic
interference.  We shall return to these complications
later, but can summarise the relationships of pine
with the other woodland types by regarding the
woodlands of the Highlands as forming an extreme
western , and hence highly maritime (high oceanicity)
extension of the west European transition or ecotone

from Temperate Deciduous (Summer) Forest,
through Boreal Coniferous Forest, to Boreal
Deciduous Forest, the latter dominated by the downy
birch, Betula pubescens ssp. odorata, believed to be
the same variety of the birch as the Scandinavian
Betula tortuosa.  While, as McVean says in Burnett's
book 'The Vegetation of Scotland' (1964), there is and
probably was no simple climatic zonation, some
climatic control is discernable, that affecting latitudinal
change being more convincing than that affecting
altitudinal change.

The former extent of the pinewoods (see McVean and
Ratcliffe's map [1962]) stretched from Strath Oykell in
the north, to Glen Falloch in the south, and from
Shieldaig in the west, to Deeside in the east, and
came to be known as the Great Caledonian Forest, or
the Woods of Caledon.  Only small remnants of this
forest remain today.

Pine arrived in the Cairngorm area from northwest
Scotland sometime before 7000 BP.(Kinloch et.al.
1986)  Indeed it may have been present in Speyside
north of the Cairngorms at 8000 BP, though at this
time it was not present in the rest of the Highlands to
the south.  The implication is that it reached the
northwest and then the east central highlands by long
distance dispersal either from much further south or
from refugia to the west of the present British Isles
(Huntley and Birks 1983, Bennett 1984).  Dubois and
Ferguson 1985, record radiocarbon dates of 7350+/-
90 BP, & 7060+/-97 BP from pine stumps at 730m on
the northern slopes of Cairngorm.  Nevertheless the
pine expands (this phase lasted about 800yrs in
Abernethy Forest) reaching a maxima at about 6500-
6000 BP, though the rate and extent of replacement of
birch and hazel by pine seems to have varied from
site to site though pine probably eventually came to
assume dominance so that we can envisage
extensive optimum pine forest over much of the
Highlands.  Only small remnants of this forest remain
today.

Dr. Frank Fraser Darling has called the destruction of
this forest 'the biggest effect man has exerted on the
history of the Highlands', and in his book 'Natural
History in the Highlands and Islands' he describes
bitterly the 'almost wonton destruction of the last
extensive primeval forest which had no equal in
Europe'.  However the pine forest of the Flandrian
optimum had already suffered some setbacks from
causes other than anthropogenic.  Pine pollen
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frequencies begin to decline between 5900 BP and
5600 BP in the area coinciding with the rise in Alder
pollen.  The two species were probably competing
with each other for alluvial riverine habitats, where the
alder was probably replacing the pine, but the
success of the alder was probably related to climatic
deterioration.  This also affected the altitude of the
pine treeline for with a marked increase in
precipitation peat began to develop and suppressed
the treeline (radiocarbon dates and a deuterium low,
Dubois and Ferguson 1985).  A further period of bog
development with strongly increased precipitation
dated as about 4200 BP led to a further retreat from
higher altitudes. Nevertheless, the areal contraction
of the forest is still largely explicable in anthropogenic
terms.

We are now starting to trace the earliest beginnings
of this destruction in the pollen record.  It began in the
Neolithic, then about AD. 400 in Pictish times when
large tracts of forest at lower elevations was cleared
for primitive cultivation, but most is attributable to
historical times, first between AD. 800 and AD. 1100,
then from the 14th.C. through to the end of the 19th.
C., and lastly during the two world wars.  The decline
of the forest on the higher slopes took place mainly in
the medieval period with the profitable development
of cattle breeding and the openning up of many
important 'drove roads' to the south.  By the 16th. C.
much of the forest between 300-600m had been
cleared to make way for cattle grazing land, while
timber was also used in ancillary activities like
fencing and the building of bothies and shielings.
Stocking by deer, encouraged by many land owners,
and by domesticated animals such as horses, goats
and sheep also increased thereby affecting
regeneration.  Muirburning was also associated with
these activities although it was to increase further
later on.  

Felling was further  partly a result of the exploitation of
the forests to fire 'bloomeries', or charcoal furnaces to
smelt iron, and partly of the extraction of timber for
shipbuilding and constructional purposes, when the
felled timber was floated down the rivers Dee, Don,
and Tay to the east coast.  This exploitation
accelerated after the Jacobite uprisings, as forfeited
lands fell into the hands of absentee lowland Scots,
or English landlords.  The peak of exploitation was
reached in the late 18th./early 19th. C., when, for
example annual revenues from the Rothiemurchus
Forest on Speyside, alone, totalled between £10-
20,000.  Several severe forest fires accompanied
these and later timber extraction activities, and still

influence the age structure of the forest today.  Darling
maintains that even then the forest could have
regenerated had it not been for the spread of sheep
farming after the Napoleonic Wars, and the
development of deer forest, and grouse moor
management, particularly in the 19th. C., all of which
involved the use of muirburning as a management
tool and together with increased grazing pressure
acted to suppress, or halt regeneration.  Finally war
time fellings and troop training during the present
century have destroyed many hectares of what forest
remained.

2.  Present Distribution and Ecology of Pine
Woodlands.

Today there are only thirty five locations where true
native pines or pine woodland remain.  However, we
are fortunate that these range across the whole area
of former extent, so that the range of adaptation to
local environments, and the range of genotypes that
it represents is to some extent preserved.  Twenty five
of these remnants are in private ownership, nine
belong to the Forestry Commission, and one is
owned by the Nature Conservancy.  These are
grouped and discussed in Stevens and Carlisle
(1959), by McVean in Burnett (1964), and also in
Bunce & Jeffers (1975).  Some of the more notable
remnants are; Glen Derry, Glen Quoich, the Black
Woods of Rannoch, those of Ballochbuie and Mar on
Deeside, Glen Avon, Glen Feshie, those of the
Abernethy and Rothiemurchus basins (including
Glenmore) on Speyside, and in the west those of Ben
Eighe, Torridon, and Shieldaig.  Although pine
plantations in some regions of Scotland can acquire
many elements of the typical Pinus-Hylocomium
(NVC) flora, there seems little doubt that the
remaining distribution of more natural stands
represents a fragmentary inheritance of the
prevalence of pine in the cooler parts of the country
through the post-Glacial period.

The Scots pine, Pinus sylvestris L., has a very wide
distribution outside Scotland.  Indeed according to
Stevens and Carlisle (1959) it is the most widely
distributed conifer in the world, with a latitudinal range
from 700 N, to 370S, i.e. from coastal Finmark to the
Spanish Sierra Nevada.  Longitudinally it occurs from
the North Atlantic seaboard in Western Scotland and
in Scandinavia to 1430E at Okhotsk in Siberia and
perhaps even through to the pacific coast of Russia.
This distribution represents a great range of climates
from highly oceanic with 1800mm (70") an. ppt. to
strongly continental with <200mm (<8") an. ppt., and
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from extreme cold -640C (830F) and permafrost, to
Mediterranean conditions of summer drought in the
south.  Perhaps its continental distribution as a
whole, however, is suggestive that it evolved under
continental conditions and is still basically a tree of
such environments.  In its great range of adaptations
to different environments it is not surprising that it
displays considerable variation in morphology and
also probably in physiology.  This fact has led to the
recognition of different geographical races, or
subspecies of the Scots pine, even though in some
cases the taxonomic justification may not be very
sound.  Some authors regard the native pines of
Scotland as an endemic subspecies; Pinus
sylvestris ssp. scotica, but Stevens and Carlisle
prefer to regard it as a geographical variety Pinus
sylvestris L var. scotica Schott. with close affinities
with var. septentrionalis Schott. of southern Sweden.
Pines currently growing in England and with southern
origins are referred to yet another subspecies Pinus
sylvestris ssp. sylvatica and remain more flat
topped than ssp. scotica.   Whatever the justification
for subspecies status, the reality of the morphological
differences probably reflects the distinct Holocene
origin of the current highland pine population. Even
within Scotland, however, the Scots pine shows great
variability in growth habit, bark, cone size and leaf
length, and in duration of leaf life, for example.  Some
of these variations appear to be genetically controlled
morphological differences which probably parallel
physiological differences of adaptive significance.
The preservation of the reservoir of genes reflected in
these variations is not only of importance in terms of
historical and ecological interest, but also of value in
silviculture and commercial forestry.

2.1.  Variation in Scottish Pine Woodland
Communities.

In their review of Scottish pine woodlands, Stevens
and Carlisle list 14 distinct plant communities
associated with pine plus a further 5 flush and bog
communities occurring in pinewoods.  McVean and
Ratcliffe (1962), and McVean in Burnett (1964)
simplify this to two basic subdivisions of pinewood
plant ecology.  Similarly Bunce (1977),  although he
and his co-workers concerned with the (then) NCC
survey of pinewoods using their standardised field
and analytical approach which was to be applied to a
national woodland survey recognised eight plot types
comprised of seven species groups, admits that they
merely expand a narrow part of the national range.
Indeed 98% of the pine woodland plots fall into only
two of the (32) national plot types, and 88.5% of the

pine woodland sites in the Highlands fell into only
one of the national woodland site types.  So quite
clearly native pinewoods cover a narrow part of the
national range of variation within woodlands.  They
are also relatively uniform in the habitats present and
the communities produced by classifications, whether
that of Stevens and Carlisle, or that of the NCC team
are all closely related ecologically with considerable
overlap in the correlated environmental factors.  This
is why McVean was able to reduce the diversity of
Stevens and Carlisle's 14/19 divisions, as mentioned
above, to the following two categories.

1.  In the first of the subdivisions dominance
is shared by two species of Vaccinium, the
bilberry, whortleberry, or blaeberry,
Vaccinium myrtillus, and the cow berry,
Vaccinium vitis-idaea, although the
heather, Calluna vulgaris may also be
present.  Of equal importance, however, are
the weft forming, pleurocarpus mosses
Hylocomium splendens, Pleurozium
schreberi, Rhytidiadelphus trinquetrus,
and R. loreus, indeed, the dwarf shrubs and
the mosses may form separate facies
depending on the canopy density.  Under the
densest shade the mosses may assume
complete dominance.  The creeping lady’s
tresses, Goodyera repens is exclusive to
th i s  assoc ia t i on .   The  g rasses
Deschampsia flexuosa, the wavy hair grass,
and Ptilium crista castrensis, may be co-
dominant with the dwarf shrubs in places.
This association is mainly eastern in
distribution, up to 500m, and usually occurs
on well drained podsols with raw humus
developed over sands and gravels.  It tends
to lack tall shrubs, but the birch and rowan
(mountain ash), Sorbus aucuparia, may be
present

2.  The second community has the
dominance shared between open leggy
heather and the two species of Vaccinium,
with a wide variety of associated mosses
and liverworts, especially the bog mosses,
Sphagnum spp. which may dominate
hummocks (a characteristic of the forest
floor).  Tall shrubs like the bird cherry,
Prunus padus, the juniper, Juniperus
communis, (which may grow with a
columnar, tabular, decumbent, or prostrate
habit (Gilbert 1980) a phenomenon which
may indicate genetic variability, and relative
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antiquity for the juniper population)
in the east and central Highlands,
and the holly, Ilex aquifolium, in the
west may be abundant.  Usually
this association occurs in more
open pinewoods often when mixed
with birch.  In the west it is prevalent
from sea level up to 300m, and in
the east from 300m to 600m, i.e. it
replaces the first association at
higher altitudes.  It too occurs on
soils that are podsolic, or on gley
podsols, but often with a deeper
raw humus horizon.

Indeed, when the pioneering work of the NCC was
superceded by the outcome of the National
Vegetation Classification Rodwell was able to speak
of one pinewood association, where pine:

dominates in a distinctive Pinus-
Hylocomium woodland (W18).  In many
ways, this community can be seen as an
analogue, on similarly base-poor soils, of
the Quercus-Betula-Dicranum woodland
(Oak-Birch-Dicranium moss).  The same
ericoid sub-shrubs and calcifuge bryophytes
are prominent, though here they are often
accompanied by the cowberry Vaccinium
vitis-idaea and the grass Ptilium crista-
castrensis and a striking contingent of rare
Northern Montane and Continental Northern
plants such as creeping lady’s tresses,
Goodyera repens, the lesser twayblade
orchid Listera cordata, the twin flower
Linnaea borealis and the various
wintergreens.  The community extends a
little way on to more fertile soils, too, now
generally occupied in this part of Britain by
the Quercus-Betula-Oxalis (Oak-Birch-
Wood Sorrel) woodland and, in wetter areas,
it has a prominent bog moss, Sphagnum
component in the ground layer, which brings
it close floristically to the Betula-Molinia
(Birch-Purple Moor Grass) mire woodland.
(and incorporates the second of Bunce’s two
communities above.

It is interesting that the results that Bunce (1977)
presents, when summarised in terms of an
ordination reveal something approaching the same
groupings, in fact 3 not 2, with each of the 3 groups
corresponding to one of the corners of a triangular
result produced by the reciprocal averaging

ordination.  So plot type 1 at one corner has mainly
species group A, and is associated primarily with
podsolic soils; plot type 4 mainly species groups AB
and E, and acid brown earth soils; and finally plot type
5 at the apex of the ordination triangle, species
groups AE and G, and soils with a deep organic
horizon predominating.  Several other characteristics
also appear to reflect the same categories or to follow
the gradients between them.  For example pine
density (10.6, 1.4, and 1.1 trees/plot), constant,
selective, and dominant species (heather, Calluna,
bracken, Pteridium, purple moor grass Molinia), girth
and height of the trees, and the relative frequency of
seedlings and saplings.  The interpretation of the
axes of the ordination in question are of course a
moisture/east-west/oceanicity axis (between 1&4, and
5) and a soil fertility/base status axis (between 1 and
4).  These same axes, sometimes reinforced by other
factors reappear at the larger site scale of the NCC
survey and these site types, each with an overlapping
but nevertheless distinctive combination of plot types
and species groups and correlated environmental
variables such as soil type prove to have distinct but
predictable geographical distributions.

Eastern Type: Podsolic soils predominate, low
rainfall, often relatively high altitude, sites mostly
sheltered, a few brown earth soils present, parent
material fluvioglacial.

Central Type: Some podsolic soils, but higher rainfall
- more organic matter, though more flushed areas -
brown soils.

Northwestern Type: high rainfall - peat formation,
predominantly organic soils,  few fluvioglacial
features, brown soils very patchy, many sites very
exposed.

Southwestern Type: High rainfall, but high base
status brown soils.  Sites are often mosaics, but
always under heavy grazing.

Although much research remains to be done it
appears that the distribution and community ecology
of many other groups of organisms can be related to
either the plot types, or to the site types.  For example,
red squirrels only seem to be associated with plot
types 1 & 3.  There are also contrasting problems of
management, and in assessing the conservation
measures required in the different types.  One of the
overriding impressions to emerge, however, was the
scattered nature of the trees, only 47% of plots had
trees present, while connected to this was the fact
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that much of the vegetation of had nothing directly to
do with pine including most of the boggy habitats and
their vegetation.  The high frequency of such ground
flora types and the absence of trees on them
suggests that many sites are always likely to have
had an open canopy, at least of pine.  Indeed the
majority of species and certainly those characterising
the species groups, are not particularly associated
with pinewoods again indicating that species
composition reflects the open nature of the forest and
the frequency of non-woodland habitats.  Furthermore
many of the species peculiarly associated with the
pine like the creeping lady’s tresses, Goodyera
repens do not appear in the classification, because
they are not of sufficiently common occurrence,
perhaps because in the Highlands the Scots pine is
at the western extremity of its range.  Nevertheless,
some of these typical and in some cases rare plants
are worthy of comment.  Although common in
Scandinavian woods the twin flower Linnaea borealis
is rare in the native pinewoods of Scotland, though it
does occur on Deeside, and here near Inchriach on
Speyside.   The chickweed wintergreen, Trientalis
europaea is commonest on Deeside, is scattered
thinly through the woods of Speyside, does occur in
the north, but is rarer in the south and west.  The four
species of wintergreen, the intermediate, Pyrola
media, the serrated Orthillia (Pyrola) secunda, the
one-flowered Moneses (Pyrola) uniflora, and the
round leaved, Pyrola rotundifolia are also
characteristic with the former being by far the most
common and the remainder much less frequent.
Listera cordata the lesser twayblade orchid is
commonest in the eastern and central sites, but it
does occur as far west as Loch Maree.

The evergreen pine photosynthesises over a greater
part of the year than a deciduous tree such as the oak
and this partly accounts for greater total productivity of
temperate coniferous woodland compared with
temperate deciduous woodland, although it must be
remembered that most of the productivity figures
available come from plantations.  While much organic
matter is contained in the standing vegetation as
leaves, branches, and cones, a large proportion
enters the litter compartment, but the concentration of
nutrients in conifer needles is lower than in the leaves
of deciduous species, while a greater proportion of
nutrients is translocated from the leaves before they
are shed.  Consequently the litter is of low base
status, leaching occurs less readily, and
decomposition is slow.  The result is the
accumulation of thick organic horizons of low
biological activity and slow mineralisation, and

significant immobilisation of nutrients, thereby having
long term effects on soil fertility (>40 kg. P ha-1 may be
immobilised).  However, nutrients that are released
become tightly cycled through the soil where fungal
mycorrhizae are of great importance.

Few native pinewoods display a full range of age
classes, but instead tend to consist of a mosaic of
discrete age segregates reflecting periods of past
felling, forest fire, and so on: age figures for
Rothiemurchus, for example, show quasi-evenaged
stands of 80-150yrs., although there are also
examples where two age classes predominate at 80-
100yrs. and 150-200yrs.(although in recent years the
promotion of regeneration by the Forestry
Commission and the Nature Conservancy Council
has produced local but significant areas with very
young trees).  Many of the smaller remnants that are
really open pine heath, however, contain only old
trees in the 150-200yrs. age class.

The mosaic impression created by this segregation
of age classes is further in creased by environmental
variation with raised bogs carrying open forest/bog
communities (where the small size of the trees often
belies their age) occupying ill drained depressions,
with variants rich in alders and willows and with a
form of mire or fen ground flora occurring on flushed
and gleyed mineral soils along stream banks and
water courses, plus of course variations in the ground
flora with canopy density already alluded to.  This
mosaic character was probably always an important
aspect of the forest in its natural state, and , as we
shall see, may have been further enhanced by a
greater diversity of tree species and the presence of
greater quantities of deciduous trees.

Indeed, the evidence suggests that native pine forests
were more mixed, with rowan, poplar, birch and
juniper, Juniperus communis ssp. communis
occurring much more often as integral components of
the woody cover.  Birch and juniper still occur in close
association with the Pinus-Hylocomium (Pine-
Hylocomium) woodland, and juniper is also found in
the Quercus-Betula-Oxalis (Oak-Birch-Wood Sorrel)
and Quercus-Betula-Dicranum (Oak-Birch-Dicranium
Moss) woodlands of eastern Scotland.   These
birch/juniper, and juniper woods sometimes appear
to have a seral status but do not develop further.  The
NVC recognises these as a distinct Juniperus-Oxalis
(Juniper-Wood Sorrell) scrubby woodland (W19).
This scrubby juniper woodland is typically a high-
altitude community and, in some places, may
represent a sub-alpine climax vegetation (see
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appendix A), though it does extend into northern
England in for example Upper Teesdale (Gilbert
1980).  It is interesting that the early Holocene was
characterised by a rapid spread of Juniper into a late
glacial landscape after climate ameliorated. No real
equivalent of these juniper communities remain.
NVC W19 Juniperus-Oxalis woods are probably the
best approximation which still exists in the British
Isles, and Igrouille (1995) calls them a ghost of Pre-
Boreal and Boreal woods.  However, in the more
continental parts of eastern Scotland, Trientalis,
(chickweed wintergreen), Anemone (wood anemone),
and Rhytidiadelphus triquetrus (a weft or
pleurocarpus moss) are common and there can be
records for some of the Continental Northern and
Northern Montane rarities in such woods, the soils of
which provide better edaphic conditions, as the litter
of the juniper is only mildly acid.  These features
locate this vegetation phytosociologically with the
Pinus-Hylocomium (Pine-Hylocomium) woodland,
and emphasise its difference from the seral scrub in
which juniper can occur in the south-eastern lowlands
of Britain 

2.2.  Animal Ecology.

Finally before leaving the present ecology of the pine
woodlands mention must be made of the fauna.
Amongst the mammals many of the former forest
animals like the elk, reindeer, bear, lynx, and wolf
have disappeared, but several interesting and
relatively rare mammals remain, such as the pine
martin, Martes martes, wild cat, Felix sylvestris, and
pole cat, as well as more common and smaller
mammals, amongst which it is worth noting that the
red squirrel and the British otter are threatened
species.  The pine forest is also the traditional winter
sheltering and feeding ground for the red deer,
Cervus elaphus, originally a forest animal, although,
driven to higher altitudes by man.  These exist in fairly
high numbers where not culled regularly and in winter
browse readily on young trees well within the main
forest, where also small herds of the roe deer,
Capreolus capreolus, browse on young trees for
most of the year.  There are also some interesting
birds that are almost exclusively associated with
native pinewood like the capercaillie, Tetrao
urogallus, which became extinct in 1770, but was
reintroduced in 1849, the black grouse, the crested tit,
and the cross bill, while the pinewoods also provide
nest sites for the osprey that started to breed in Britain
again in 1962 feeding in the lochs and rivers such as
the Spey.  Amongst the insect fauna the red wood ant
Formica rufa and the large, and numerous ants

nests that it builds are a conspicuous feature of the
forest floor.  Indeed, it has been suggested that the
wood ant, by feeding in the litter, and on the trees
reduce populations of several potentially harmful
insect pests below those capable of doing damage,
so that native pinewoods are seldom seriously
affected by insect outbreaks.  This is in contrast to
pine plantations that sometimes fail to recover from
outbreaks of the pine looper moth caterpillar, Bupalus
piniarius.  Other potential pests are the larger pine-
shoot beetle, Myelophilus piniperda, and the pine
weevil, Hylobius abientis.

3. Regeneration of Native Pine Forest.

Free regeneration is rarely observed in pine forest
today, in spite of the fact that ample seed is produced
every 3-6 yrs.  The most common stands of young
pine occur colonising heathland, usually after
burning, but even here regeneration is not easy, and
may be delayed for two years or so. There appear to
be three main reasons for regeneration failure:

1.  Pine seedlings have relatively high light
requirements and under the often relatively
evenaged stands that exist today the canopy
density is too great to allow regeneration.

2.  Grazing and browsing is ubiquitous in
native woods, particularly by deer.

3.  The characteristics of the vegetation and
soils within and surrounding pinewoods,
particularly the depth of the moss mat,
litter layer, and the biological inactivity of the
raw acid humus (MOR) militate against
successful regeneration.  Seedlings
established in this moss mat and litter layer
are liable to dessication in only mild spring
droughts, while a growing season slightly
wetter than average can result in the
asphyxiation of the roots of the seedling in
Sphagnum mats and dense fibrous humus
or peat.  So disturbed, or bare soil seems
vital for successful seedling development,
except at high altitudes.

Repeated burning of forest and moorland, coupled
with extensive and uncontrolled grazing has produced
a vegetation completely dominated by MOR humus
forming species adding acute nitrogen deficiency to
the intrinsic lack of phosphorus in the soil parent
material.  Mineral deficiency checks seedling growth
and renders them more susceptible to competition
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and shading from more vigorous herbaceous and
shrubby species, and more liable to succumb to the
defoliation by grazing herbivores.  A mortality rate of
99% is stated for birch by Kinnaird (1971), while Miller
(1971, & et al 1982a & b), having planted seedlings of
birch, juniper, and pine in Glen Feshie found that 57%
had died, 32% were damaged by grazing or
trampling, and only 11% were undamaged. Pears, in
his investigation of seedling establishment above the
present treeline found that of 101 pine seedlings,
although 55 seedlings exhibited climatically induced
dieback 87 had lost their terminal growth point due to
grazing - mainly by deer.

This discussion of regeneration has important
implications and brings us back to the problem of the
status of native pine woodlands, and to their
relationships with the other woodlands in the
Highlands.  There is an increasing body of opinion
that regards the highly segregated woodland
remnants of the Highlands as partially, at least,
artificial.  This segregation into virtually pure pine, oak,
and birch woods (nb. birch occurs with both oak and
pine but is often apparently secondary) is thought to
reflect in part climatic gradients, but particularly
edaphic conditions; i.e. it is largely an
edaphic/climatic segregation of tree dominants.  It
may, however, owe much more to human interference
and selective exploitation than was hitherto
supposed.  O'Sullivan's palynological studies of
Abernethy forest have shown that the forest formerly
contained more birch and other deciduous species
such as willow, alder, poplar, wild cherry and rowan,
as well as more juniper; very different from the
present pine dominated wood with its large expanses
of heather.  The initial expansion of this heathland in
the forest began about 400 AD. associated with the
felling, grazing, and burning activities of Pictish Dark
Age settlements in the area; it continued through the
medieval period eliminating many deciduous pioneer
species and encouraging a change towards a pine
and dwarf shrub community with soil impoverishment
and the buildup of MOR humus.  The suggestion is
then that the forests of the Highlands were formerly
more mixed in composition than they now are, with at
least some deciduous trees growing with the conifer
(and presumably vice versa).  The shrub and ground
flora layers too would have been more mixed, and
hence more species rich, with MULL forming herbs
present in significant quantities, thereby modifying
humus and soil conditions.  Such mixed woods are
comparatively rare today, but they could have great
significance in terms of the dynamics of the forest and
for its regeneration.  

There is also the possibility that fire may have played
an important role in forest dynamics with patches of
pure pine being related to areas affected by natural
forest fire and being in effect transient pyroclimax
communities dependant on fire as a natural
ecological factor.  Indeed pine is often said to be fire
adapted.  Prentice and Lehmans (1990) suggest that
because of the seedling’s shade sensitivity the gap
left by an individual pine may be too small to sustain
regeneration, leaving it dependent on natural events
like large storm damage, or natural fires to open
larger gaps.  In support of this view Bradshaw (1993)
cites four sites in Co Mayo, Ireland, where the
Holocene record for pine surviving at the site the
longest is for the one with a potentially dry character
with coarse well drained soil, and charcoal almost
continuously associated with it .... all strongly
suggestive of a correlation between successful
regeneration and periodic forest fires.

APPENDIX A

A NOTE on the CLIMATIC FOREST LIMIT and
NATURAL TREELINE in the CAIRNGORMS

In schemes representing the altitudinal zonation of
plant communities in the mountains the climatic
forest l imi t  and the treeline form the boundary
between the Forest Zone and the truly montane Alpine
Zones.  However, both of these terms need further
definition if we are to understand this most import
ecological boundary.  In the first place we are really
dealing with two lines and a zone of transition or
ecotone between them.  The lower of these lines is
the forest limit, or the timberline, as it is often called,
which is the upper limit of erect tree growth occurring
at forest densities.  Beyond this line the trees thin out
growing as small groups or as scattered individuals.
They are often dwarfed, semi-prostrate, exhibit the
flagform or krummholz growth habit, or are in some
other way deformed.

The upper limit to this transition zone is the treeline
(sensu stricto), where tree growth ceases entirely.  On
mountains outside the tropics it has been concluded
that the primary cause of the damage that limits the
altitudinal extension of tree growth is winter
dessication.  In continental climates this is due to the
freezing of soil water coupled with the intense
radiative heating of plant organs exposed above a
winter snow cover.  In more oceanic mountains in the
temperate zone it is persistent strong wind flow
particularly in winter that promotes the high
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evapotranspiration that leads to dessication.
However, winter dessication, itself the prime cause,
relates back to the conditions experienced during the
previous summer because short growth seasons at
altitude do not allow the leaves to mature fully.
Cuticles remain thin, cells are incompletely lignified,
and tissues retain a high water content with little
transpiration resistance.  In this condition leaves are
highly vulnerable to dessication when, in winter, high
evapotranspiration losses are compounded by
physiological drought.

In Scotland it is difficult to establish either the natural
climatic forest limit, or the potential treeline, because
over much of the Highlands forest has been cleared
and where treelines exist they display none of the
features described above which typify natural
altitudinal treelines, and they occur at lower altitudes

than would be the case under natural conditions
because of anthropogenic interference.  In the
Cairngorms, for example the anthropogenic upper
limit of tree growth is usually c. 490m except at Creag
Fhiaclach in Glen Feshie where the only really natural
treeline in the Highlands occurs at c. 640m.  Here
twisted and contorted pines (Pinus sylvestris spp
scotica) grow amongst junipers that, at the treeline,
extend as a distinct Sub-Alpine Zone juniper scrub
that appears to have escaped the burning that
presumably destroyed it elsewhere.  Though patchy,
this scrub grows quite densely in places and the
bushes reach heights of a metre or more, while their
spreading low branches turn upward at the tips, and
the leaf characteristics relate the shrubs more closely
to Juniperus communis, rather than to the prostrate
dwarf juniper, Juniperus communis spp nana.


